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For a second time the AIC is to hold a conference 
in Japan, in Tokyo this time, thanks to the initiative of the 
Color Science Association of Japan. On the first occasion, 
the 8th AIC Congress was held in Kyoto, and everyone 
remembers it as a great event. This year it is to be mid-
term meeting dedicated to "Image and Color". This is a very 
mo ern i e t at encom a e  man  fie  rom ac i ition 
and reproduction of color images to processing the images 
and their use in computer vision. Many other interesting 
topics are also included, such as color in computer graphics, 
colorimetry, digital archiving of art, color vision, color 
psychology and emotion, environmental color, design, color 
culture and color education. All of them in their relationship 
to color images. The conference will also include the16th 
International Symposium on Multispectral Color Science, 
opening the science of color to the world of spectral imaging of large projections today.

We live in a world full of images. Communication between humans relies 
increa ing  on t e ac i ition an  e o  image  in an  met o  o  e c anging 
in ormation  toe ectronic a io i a  me ia o  ac i ition an  re ro ction o  image  
and the internet have revolutionized the way we communicate and images are continuously 

e  in co or   a re t  ne  c a enge  ari e  t e re ia i it  an  a it  o  image  t e 
e e o ment o  ne  a gorit m  o  image roce ing in or er to fin  ne  a ication  or 

example in computer vision or in medicine, etc.

Color is an added and differential value in images. We can say that it brings a great 
deal of transcendental information to those images that are part of our daily life. The visual 
image  t at orm o r e e  toget er it  t e retina an  t e rain roce e  in o e  ac ire 
a higher dimension when they are in color. We can say the same for the images obtained 

it  a camera    t in  t e o ort nit  to i c  an  e c ange i ea  in t e fie  o  co or 
images at this conference will be extraordinary.

The Color Science Association of Japan is one of the most active regular members 
of the AIC. Proof of this is the high participation of Japanese scientists in all the AIC 
congresses and the participation of its members in the management of the AIC as members 
of the Executive Committee and as Chairs of Study Groups. From these lines I want to 
publicly thank these efforts that have supported the AIC since its founding and recognize 
t e re tige o  o man  a ane e cienti t  in t e fie  o  co or   o  a o i e to t an  
the great effort and work done by the organizing committee of AIC 2015 to enable this 
con erence to e t e cce  ic   am re it i  e  e a it  o  t e comm nication  

ic  are co ecte  toget er in t i  oo  i  ficient roo  o  t e magnificent meeting e 
are going enjoy together. 

I wish all attendees a fruitful and enjoyable AIC 2015!

Javier Romero
President, International Colour Association

AIC President's Message
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AIC - International Colour Association
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As the President of the Color Science Association 
of Japan I would like to welcome all of our participants to 
AIC2015, being held from May 19th to the 22nd in Tokyo. 

Eighteen years ago in 1997 the Color Science 
ociation o  a an e  ia  fir t internationa  ongre  

in Japan’s old capital of Kyoto, where participants from 
various countries had the chance to deepen friendships 
through lively discussions on their research, while 
simultaneously learning about Japan’s traditions and colors. 
We are very happy that once again, eighteen years since then, the AIC’s Midterm 
Meeting will once again be held in Japan. 

The AIC is composed of members from more than 30 countries, and many 
people from various nations are gathering in Tokyo for AIC2015. We would like for 
t i  not on  to e a ace or re earc  re ort  an  cientific an  tec nica  i c ion  
but hope from the bottom of our hearts that it will be a chance for developing 
friendships which go beyond the boundaries of location or age. We, the members of 
the Color Science Association of Japan, have planned the program of AIC2015 Tokyo 
to be one that participants can enjoy. We hope you will feel happy that you participated 
in AIC2015 Tokyo. Additionally, to commemorate AIC2015 Tokyo, at the conference 
site on May 19th we will hold a symposium entitled “Considering Color and Japanese 
Culture from the Perspective of Food, Clothing, and Shelter” and, on the 20th, an 
exhibition of rare books by well-known authors such as Michel-Eugène Chevreul.

Now Tokyo is bustling with energy in preparation for the 2020 Olympic 
Games. We hope AIC2015 participants can observe Tokyo as it grows even more 
dynamically, and further develops the infrastructure to handle this major international 
event smoothly.

We, the members of the Color Science Association of Japan, are looking 
forward to meeting you in Tokyo.

Takayoshi Fuchida
President, The Color Science Association of Japan

Color Science Association of Japan President's Preface
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On behalf of the Steering Committee of AIC2015 
TOKYO, I would like to welcome you all to the Midterm 
Meeting of the International Colour Association in the exciting 
and traditional city of Tokyo, from May 19-22, 2015.

The meeting is organized by the International Colour 
Association and the Color Science Association of Japan in 
cooperation with Ministry of Education, Culture, Sports, 
Science and Technology (MEXT), Ministry of Economy, 
Trade and Industry, National Institute of Advanced Industrial 
Science and Technology, Science Council of Japan, The Tokyo Chamber of Commerce 
and Industry. 

i  meeting i  ro i e a ni e or m  ringing toget er re earc er  
academics, students, artists, architects, industrialists, engineers, designers, computer 
scientists, lighting experts, media types, exhibitors and business leaders. This year the 
16th International Symposium on Multispectral Color Science (MCS 2015) is organized 
as part of AIC2015. We have chosen “Color and Image” as a theme of AIC2015. The 
word “image” has a very wide meaning; not only visible presentation, such as imaging 
devices, displays, pictures, etc., but also a presentation of anything from people’s minds. 
So  e a e ca e  or a er  rom a ariet  o  fie  a  o o

Color Imaging
Color Image Processing
Computational Color Image
Color in Computer Graphics
Color Reproduction
Color Image Quality
Multispectral Color Science
Multispectral Imaging

ti ectra  mage c i ition  i a
Spectral Image Applications
Colorimetry / Colorimetric Imaging / Lighting
Digital Archiving of Art
Color Vision / Psychophysics / Physiology
Color Psychology / Emotion
Perception of Material / Surface Quality
Color Image Design
Color Environmental Design
Cosmetics
Personal Color
Color Culture
Color Education

Welcome to AIC2015 TOKYO
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Although as many as 324 papers have been submitted from more than 20 
countries, we have to accept a limited number of papers because of limitation of time 
and space. Finally, we selected 60 oral and 172 papers presentations covering a diverse 
range of color research and applications based on peer reviews by the International 
Program Committee. 

We have invited three speakers who all are admirable leaders in their fields. 
Following the opening ceremony on Wednesday, May 20, Ms. Kazuyo Sejima, the 
recipient of the prestigious Prizker Architecture Prize with Ryue Mishizawa of SANNA, 
will deliver the Keynote Lecture on the title “The Gathering Space” focusing on her 
recent works. She will introduce the environment and architecture enhanced by color. 
During the morning session, invited papers are presented. On Thursday, May 21, 
Professor Jon Y. Hardeberg of the Gjøvik University College, Norway will give an 
in ite  ect re  ti ectra  co o r imaging  time to mo e o t o  t e a  e a  
beeen recommended by MCS and will talk about his main research interests which 
inc e  m ti ectra  co or imaging  rint an  image a it  co orimetric e ice 
characterization, color management, and cultural heritage imaging. On Friday, May 
22, the final day, Professor Hidehiko Komatsu of National Institute for Physiological 
Sciences talks on “Neural representation of color in visual cortex.” He is currently 
project leader for a large research project “Brain and Information Science on shitsukan 
(material perception)” funded by MEXT and will talk on neural representation of color 
in higher visual cortex, neural mechanisms of gloss perception, texture processing, and 
multimodal integration in material recognition. 

Following the General Assembly on Thursday, May 21, the AIC Judd Awards 
ceremony will be held. The 2015 Judd Award is to be received by Professor Françoise 
Viénot, Muséum National d’Histoire Naturelle, France. She will deliver the Judd Award 
Lecture on “On the dimensionality of the colour world.”

Finally, I would like to note acknowledgements as the Chair of the Steering 
Committee. The journey today would not have been possible without a dedicated and 
hard working Steering Committee all of whom have devoted a considerable amount of 
time to ensuring that AIC2015 TOKYO will be a great success. I would like to offer my 
personal and sincere thanks to all of you.

I would also like to thank our sponsors whose generosity and support is greatly 
appreciated. I would like to ask that you all reciprocate their support when you are 
seeking products or services offered by our sponsors. 

I hope that you all leave the AIC2015 with warm feelings for the exciting city 
of Tokyo, will have renewed friendships and made new friends in the global color 
community, and, importantly, be refreshed and stimulated with new ideas to further 
develop your research in the world of color.

Hirohisa Yaguchi
Chair, Steering Committee of AIC2015 TOKYO
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As a MCS general chair, I would like to welcome all of 
you to AIC/MCS2014 TOKYO, which is held in Tokyo, Japan, 
during May 19–22, 2015.  This year, the 16th International 
Symposium on Multispectral Color Science (MCS 2015) is 
organized as part of AIC2015 TOKYO.  

Many aspects of the multi- and hyper- spectral image 
ac i ition  ana i  an  ren ering a e een e ten i e  
researched and studied along with the technological advances 
in hardware devices, software systems, and signal processing 
algorithms. Also, spectral imaging science and technology is 
more and more exploited in numerous applied technologies such as computer vision, 
computer graphics, biology, medicine, cosmetics, digital archiving, printing, display, 
an  remote en ing    a con e ence  a ariet  o  ro em  genera  enco ntere  
have been reformulated, successfully solved, and sometimes cast into their new contexts 
ri ing ne  cientific c a enge

The first MCS symposium was launched at Chiba University, Japan in 1999. 
Since 2001 the multispectral symposium has been organized by a consortium of 
international researchers, mostly incorporated into larger international conferences and 
continues to grow.  The 16th International Symposium (MCS2015 TOKYO) builds 
on t e tra ition to ring toget er re earc er  in t e fie  o  ectra  co or cience an  
imaging.

We received about 40 paper submissions to the MCS group.  The AIC/MCS 
Program ommittee fina  eci e  to acce t  a er  or S ora  a o t  a er  or 
MCS poster, and some papers for AIC poster from the contributed papers, based on peer 
reviews by the International Program Committee.  Paper presentations related on MCS 
are scheduled mostly on Thursday, May 21.  The morning session starts with an invited 
lecture by Professor Jon Y. Hardeberg (Gjøvik University College, Norway), entitled 

ti ectra  co o r imaging  time to mo e o t o  t e a  ic  i  t en o o e   
the Oral session.  The poster presentations are in the afternoon.

I wish that all participants will successfully exchange their knowledge, 
technologies, and ideas with old and new friends, and enjoy the conference and the most 
beautiful season in Japan.

Shoji Tominaga
General Chair of MCS2015 Tokyo

Welcome to MCS2015 TOKYO
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11:15-12:45　　 (sola city Hall)
OS1: Color Imaging
Chairs: Alessandro Rizzi & Takahiko Horiuchi

OS1-1  How Multi-Illuminant Scenes Affect Automatic 
Colour Balancing
Liwen Xu and Brian Funt

OS1-2  The Generalised Reproduction Error for Illumi-
nant Estimation
Graham Finlayson and Roshanak Zakizadeh

OS1-3  Rank-Based Camera Spectral Sensitivity Esti-
mation
 Graham Finlayson and Maryam Mohammadzadeh 
Darrodi

OS1-4  Comparing Colour Camera Sensors Using Meta-
mer Mismatch Indices
Ben Hull and Brian Funt

OS1-5  Advanced Measurement Technology for Image 
Clarity
Hideo Kita and Shigeo Suga

OS1-6  Painting by Numbers: Transforming Fields and 
Edges to Vectors
 Carinna Parraman, Paul O’Dowd and Mikaela 
Harding

11:15-12:45　　(Room C)
OS2: Color Environment Design  
Chairs: Taiichiro Ishida & Jin-Sook Lee 

OS2-1  Perception of Colours Illuminated by Coloured 
Light
Shabnam Arbab and Barbara Szybinska Matusiak

OS2-2  Effects of Furniture Colour on Apparent Volume 
of Interior Space
Keishi Yoshida and Masato Sato

OS2-3  Ideal GRID Model for Color Planning of Living 
Space
Tien-Rein Lee

OS2-4  Case Studies of Color Planning for Urban Re-
newal
Sari Yamamoto

OS2-5  Building Colours in Taipei – Taking Wanhua 
District as an Example
Chia-Chi Chang, Ting-Tsung Ho and Li-Chen Ou

OS2-6  Pritzker Prize Laureates’ Colour Preferences
Malvina Arrarte-Grau

16:00-17:30　　(sola city Hall)
OS3: Colorimetry  
Chairs: Haisong Xu & Yoshitsugu Manabe
OS3-1  Computing Tristimulus Values: An Old Problem 

for a New Generation
 Zhifeng Wang, Tianyi Li, M. Ronnier Luo, Manuel 
Melgosa, Michael Pointer and Changjun Li

OS3-2  Variability in Colour Matches between Displays
 Phil Green, Srikrishna Nuduramati and Ivar Farup

OS3-3  A Comparison Study of Camera Colorimetric 
Characterization Models Considering Capture 
Settings Adjustment
Jingyu Fang, Haisong Xu and Wei Ye

OS3-4  Evaluation and Analysis of YUTEKI-TENMOKU 
Visual Effect on Traditional Ceramic Applied 
Gonio- Photometric Spectral Imaging and Con-
focal Type Laser Scanning Microscopy
Masayuki Osumi

OS3-5  Measuring Skin Colours Using Different Spec-
trophotometric Methods
 YuZhao Wang, Ming Ronnier Luo, Xiao Yu Liu, 
Haiyan Liu and BinYu Wang

OS3-6  Assessing Light Appearance in Shopping Mall
 Yuteng Zhu, Ming Ye, Wenjie Huang, Muhammad Far-
han Mughal, Muhammad Safdar and Ming Ronnier Luo

16:00-17:30　　(Room C)
OS4: Color Vision, Psychophysics 
Chairs: Yoko Mizokami & Li-Chen Ou

OS4-1  Pupillary Light Reflex Associated with Melan-
opsin and Cone Photorecetors
Seiichi Tsujimura and Katsunori Okajima

OS4-2  Experimental Research on EEG Characteristics 
in Red, Green, Blue, and White Color Space 
Consequent on the Degree of Depression
 Heewon Lee, Hanna Kim, Jiseon Ryu and Jinsook 
Lee

OS4-3  Hue-Tone Representation of the Nayatani-Theo-
retical Color Order System
Hideki Sakai

OS4-4 Colour Appearance in the Outdoor Environment
Ya-Chen Liang, Li-Chen Ou and Pei-Li Sun

OS4-5 o or P a  amification or o or i ion St
Shida Beigpour and Marius Pedersen

OS4-6  Using Visual Illusions to Expand the Available 
Colors for Making Mosaics
I-Ping Chen and Wei-Jie Chiou

Keynote Lecture 
9:30 - 10:30　sola city Hall
Chair: Hirohisa Yaguchi
The Gathering Space
Kazuyo SEJIMA

Scientific Program Wednesday, May 20

Oral Papers

Study Group Meetings
17:30-19:00  (Room A)
Study Group on Environmental Color Design 
Chair: Verena M. Schindler

17:30-19:00  (Room C)
Study Group on The Language of Color 
Chair: Dimitris Mylonas
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Scientific Program Wednesday, May 20

Poster Papers
14:15-15:45　Poster 1　(Room B/Lobby)
Chairs: Shoji Sunaga & Norihiro Tanaka

PS1-1   Colour Image, Fashion Design and Identity
 Larissa Noury

PS1-2  Contemporary Art and the Unfoldings of Colour
 Laura Carvalho

PS1-3  Comparison of Slovene Colour Identities by 
Researchers A. Trstenjak and M. Tusak with 
Colors on Slovenian Municipality Flags
 Vojko Pogacar

PS1-4  A Comparison of Color Schemes and Images 
in the Package Design of Sweets in the US and 
Japan
 Kyoko Hidaka

PS1-5  Human Monochromatic Impressions on Multi-
chromatic/Colorless Phenomena and Concepts
 Ayana Deguchi, Akira Asano, Chie Muraki Asano 
and Katsunori Okajima

PS1-6  How to Create a Colour Education that Fosters 
Price-winning Design Students
 Ivar Jung

PS1-7  Influence of Odors Function and Colors Sym-
o i m in or o or ociation  om ara-

tive Study between Rural and Urban Regions in 
Lebanon
 Léa Nehmé, Reine Barbar, Yelena Maric and Mu-
riel Jacquot

PS1-8  Differences of Generation Dependences of Pref-
erences between Colors and Styles in Women’s 
Fashion
 Chie Muraki Asano, Kanae Tsujimoto, Akira Asa-
no and Katsunori Okajima

PS1-9  Effect of Color Appeared in Signage to Identify 
Gender of Thai
 Chanida Saksirikosil, Kitirochna Rattanakasamsuk 
and Ploy Srisuro

PS1-10  Development of Three Primary-color Transpar-
ent Cubes for Learning Subtractive Color Mix-
ing Visually
 Keiichi Miyazaki

PS1-11  Multicolor LED Lighting Device with a Micro-
processor for Demonstrating Effects of Lighting 
on Color Appearance
 Takashi Nakagawa

PS1-12  The Effect of Environment Colour on Be-
havioural Inhibition
 Nicholas Ciccone and Stephen Westland

PS1-13  Influence of Light Incident Angle and Illumi-
nance Intensity on Visual Comfort and Clarity
 Yinqiu Yuan, Li-Ching Chuo, Hsin-Pou Huang and 
Ming-Shan Jeng

PS1-14  Colour Terms in the Interior Design Process
 Douha Y Attiah, Vien Cheung, Stephen Westland 
and David Bromilow

PS1-15  Effects of Classroom Wall Color on Students
	Fazila	Duyan	and	Rengi̇n Ünver

PS1-16  A Study on the Evaluation Process of Facade 
Colour Parameters
	Esra	Küçükkiliç	Özcan	and	Rengin	Ünver

PS1-17  Correlation between Personal and Classroom 
color Preferences of Children
	Rengi̇n Ünver and Fazila Duyan

PS1-18  Research on the Coexistence of Color between 
Buildings and Exterior Advertising that Create 
a Cityscape  ~ focusing on the Okamoto district 
of Kobe ~
 Yoshifumi Takahashi and Ikuko Narita

PS1-19  Colour Management in the Colour Design Pro-
cess
 Per Jutterstrom

PS1-20  Exploring Combinations of Color Patterns in 
Nature
 Akemi Yamashita and Naoko Takeda

PS1-21  Visual Impressions Induced by Colours of Fa-
cial Skin and Lips
 Mei-Ting Liu, Hsing-Ju Hung, Wen-Ling Deng and 
Li-Chen Ou

PS1-22  International Comparison of Uses of Color for 
Pictograms
 Yuki Akizuki, Michico Iwata and Hirotaka Suzuki

PS1-23  The Influence of Color on the Perception of 
Cartographic Visualisations
	Zbyněk	Štěrba	and	Jan	D.	Bláha

PS1-24  Evaluation of Colour Appearances Displaying 
on Smartphones
 X. Gao, E. Khodamoradi, L. Guo, X. Yang, S.
Tang, W. Guo, Y. Wang

PS1-25  Colour Management for High Dynamic Range 
Imaging
 Keith D. M. Findlater

PS1-26  Development of a Wide-Gamut Digital Image 
Set
 Stephen Westland, Qianqian Pan, Yuan Li and 
Soojin Lee

PS1-27  on tr ction o  i a  Profi e  ing Sim i-
cial Maps and Application to Color Reproduc-
tion of Displays
 Masashi Yamamoto and Jinhui Chao

PS1-28  P co or nt e i  n ntro ction o  o -
or Communication Method
 Chiori Ohnaka

PS1-29  Perceptually Inspired Gamut Mapping between 
Any Gamuts with Any Intersection
 Javier Vazquez-Corral and Marcelo Bertalmío

Room B : PS1-1~64
Lobby : PS1-65~87
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PS1-30  Color Correction Operation for 3D Scanning 
Models
 Kai-Lin Chan, Lin Lu, Tzung-Han Lin, Hung-
Shing Chen, Chia-Pin Cueh and Kang-Yu Liu

PS1-31  Correcting for Induction Phenomena on Dis-
plays of Different Size
 Marcelo Bertalmío

PS1-32  KANSEI Evaluation of Color Images Presented 
in Different Blue Primary Displays
 Toshiya Hamano, Takashi Fuseda, Tomonori 
Tashiro, Tomoharu Ishikawa, Hiroyuki Shinoda, 
Kazuhiko Ohnuma, Keisuke Araki and Miyoshi 
Ayama

PS1-33  New Proposal for Advanced Measurement 
Technology for Image Clarity
 Hideo Kita, Shigeo Suga and Jack A. Ladson

PS1-34  Analysis of Color Appearance of Metallic Col-
ors and Pearlescent Colors Using Multi-angle 
Spectrophotometer
 Yu-Wen Chiu, Hung-Shing Chen, Chia-Pin Cueh 
and Kang-Yu Liu

PS1-35  HDR imaging - Automatic Exposure Time Esti-
mation - A novel approach
 Miguel Angel Martinez-Domingo, Eva M. Valero, 
Javier	Hernández-Andrés	and	Javier	Romero

PS1-36  Real-time Green Visibility Ratio Measurement
 Motonori Doi, Akira Kimachi and Shogo Nishi

PS1-37  Evaluation of 20 p/d-safe Colors Used in Image 
Color Reduction Method for Color Deficient 
Observers
 Takashi Sakamoto

PS1-38  Silkscreen Printing on Cotton Fabrics with Soil 
Colorant
 Somporn Jenkunawat, Pratoomthong Trirat and 
Kulthanee Siriruk

PS1-39  Estimation of the Environment Illumination 
Color Using Distribution of Pixels
 Noriko Yata, Yuki Arai and Yoshitsugu Manabe

PS1-40  A Spectral Reflectance Measurement System 
for Human Skin by Using Smartphone
 Seungwan Hong, Norihiro Tanaka and Kosuke 
Mochizuki

PS1-41  Colour Management for High Quality Repro-
duction on Uncoated Papers
 Maja Strgar Kurecic, Lidija Mandic, Ante Poljicak 
and Diana Milcic

PS1-42  A Real-Time Multi-spectral CG Rendering 
Method for Building with Scene Illumination
 Chihiro Sakurai, Norihiro Tanaka and Kosuke Mo-
chizuki

PS1-43  Color Mapping between a Pair of Similar Facial 
Images with and without Applying Cosmetics
 Lin Lu, Hung-Shing Chen and Neng-Chung Hu

PS1-44  The Consistent Color Appearance Based on the 
Display-referred
 Yasunari Kishimoto, Hitoshi Ogatsu and Hirokazu 
Kondo

PS1-45  e St  o  e m ig ting  e tim m 
Lighting and Colour Environment - the Propos-
al for the Colour Quality Index -
 Yuki Nakajima and Takayoshi Fuchida

PS1-46  Developing Test Targets for Color Management 
of Full Color Three-dimensional Printing
 Yu-Ping Sie, Pei-Li Sun, Yun-Chien Su, Chia-Pin 
Cueh and Kang-Yu Liu

PS1-47  The Effect of Training Set on Camera Charac-
terization
 Semin Oh, Youngshin Kwak and Heebaek Oh

PS1-48  e ro cing t e  a ter   St  in e i-
cating Dark Colours with Inkjet Printing
	Melissa	Olen	and	Joseph	Padfield

PS1-49  A New Metric for Evaluating the Closeness of 
Two Colors
 Yasuki Yamauchi, Yusuke Iida, Yuki Kawashima 
and Takehiro Nagai

PS1-50  Image and Color Space Clustering for Image 
Search
 Akinobu Hatada

PS1-51  Restoration of Color Appearance by Combining 
Local Adaptations for HDR Images
 Yuto Kubo, Takao Jinno and Shigeru Kuriyama

PS1-52  Image Quality Index for Perceiving Three-di-
mensional Effect in Mobile Displays
 Chun-Kai Chang, Hirohisa Yaguchi and Yoko 
Mizokami

PS1-53  Imageries of Edible Souvenirs Evoked by Co-
lours and Visual Textures of Packages
 Shuo-Ting Wei

PS1-54  A Study of the Preference and Orientation of 
“The Sense-oriented”
 Takashi Inaba

PS1-55  Color Peference Measured by Paper-Format Im-
plicit Association Test
 Shinji Nakamura and Aya Nodera

PS1-56  SSVEP Response Study for Low Semantic Im-
ages
 Syntyche Gbèhounou, Enrico Calore, Francois 
Lecellier, Alessandro Rizzi and Christine Fernan-
dez-Maloigne

PS1-57  My Own Colours
 Kristiina Nyrhinen

PS1-58  Hue and Tone Effects on Color Attractiveness in 
Mono-Color Design
 Uravis Tangkijviwat and Warawan Meksuwan

PS1-59  A Study on Silver Metallic Color Preference - 
A Comparison of Responses between Japanese 
and Thai People -
 Mikiko Kawasumi, Kamron Yougsue, Chanprapha 
Phuangsuwan, Kanrawee Tawonpan and Ken 
Nishina

PS1-60  Colors’ Relations to Other Things in My Works
 Helena Lupari

PS1-61  o or Pre erence o  Pre c oo er   om are  to 
Adults’ Surmise
 Wei-Chun Hung, Pei-Li Sun and Li-Chen Ou
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PS1-62  n ence o  t e ica  o or in ect emo-
ry Task
 Mikuko Sasaki and Yasuhiro Kawabata

PS1-63  Neural Basis of Color Harmony and Disharmo-
ny Based on Two-color combination
 Takashi Ikeda and Naoyuki Osaka

PS1-64  Psychological Hue Circle of Blind People and 
Development of a Tactile Color Tag for Clothes
 Saori Okudera, Ken Sagawa, Yuko Nakajima, Nat-
sumi Ohba and Shoko Ashizawa

PS1-65  Examination of Method for Decreasing Un-
pleasantness Caused by Strong Brightness of 
Smart-phone Displays in Dark Adaptation
 Itsuki Miyamae, Hyojin Jung, Saori Kitaguchi and 
Tetsuya Sato

PS1-66   S ectra a e  o or i ion eficienc  o -
el Compatible with Dichromat and Anomalous 
Trichromat
 Hiroaki Kotera

PS1-67  Colour Information in Design
 Seahwa Won, Stephen Westland, Kishore Budha 
and Bruce Carnie

PS1-68  Relationship between Perceived Whiteness and 
Color Vision Characteristics
 Ichiro Katayama, Koichi Iga, Shoko Isawa and 
Tsuneo Suzuki

PS1-69  An Experiment of Color Rendering with 3D 
Objects
 Laura Blaso, Cristian Bonanomi, Simonetta Fum-
agalli, Ornella Li Rosi and Alessandro Rizzi

PS1-70  Adapting and Adapted Colors under Colored 
Illumination
 Mitsuo Ikeda, Chanprapha Phuangsuwan and 
Kanwara Chunvijitra

PS1-71  Color Constancy Depends on Initial Visual In-
formation
 Chanprapha Phuangsuwan, Mitsuo Ikeda and 
Kanwara Chunvijitra

PS1-72  Neighboring Color Effect on the Perception of 
Textile Colors
 Youngjoo Chae, John H. Xin and Tao Hua

PS1-73  The Impact of Light at the Perception of Co-
lours in Architecture, State of the Art Study and 
Suggestions for Further Research
 Shabnam Arbab and Barbara Szybinska Matusiak

PS1-74  Evaluation of Cloth Roughness and Smoothness 
 i a  an  acti e Perce tion  n e tigation 

of Cloth Photography Method for Online Shop-
ping
 Tomoharu Ishikawa, Yuya Akagawa, Kazuma 
Shinoda, Shigeru Inui, Kazuya Sasaki, Keiko Mi-
yatake and Miyoshi Ayama

PS1-75  Study of Color Preferences of Gac Fruit Blend-
ed with Mixed Mushroom Juice
 Wattana Wirivutthikorn and Somporn Jenkunawat

PS1-76  minance ontra t o  ai etter  n encing 
Elderly Vision
 Kitirochna Rattanakasamsuk

PS1-77  Color Rendering Analysis Based on Color Pair 
Evaluation under Different LED Lighting Con-
ditions
 Qing Wang, Haisong Xu, Jianqi Cai and Wei Ye

PS1-78  The Relationship between Whiteness Perception 
of Watercolor Illusions and Color Vision Char-
acteristics
 Shoko Isawa, Koichi Iga, Ichiro Katayama and 
Tsuneo Suzuki

PS1-79  n ence o  a ig t mination in t e i a  
Saliency Map of Color Scenes
 Juan Ojeda, Juan Luis Nieves and Javier Romero

PS1-80  Comparison between Multispectral Imaging 
Colors of Single Yarns and Spectrophotometric 
Colors of Corresponding Yarn Swatches
 Lin Luo, Hui-Liang Shen, Si-Jie Shao and John H. 
Xin

PS1-81  New Color Rendering Index Based on Color 
Discriminability and Its Application to Evaluate 
Comfortability of Illuminants
 Yasuhisa Nakano, Toshiki Nagasaki, Ryu Toyota, 
Jiro Kohda and Takuo Yano

PS1-82  Color Monitoring Method under High Tempera-
ture during Oven Cooking
 Yuji Nakamori, Hiroyuki Iyota, Hideki Sakai, Taiki 
Matsumoto and Shuhei Nomura

PS1-83  Woodblock Printing as a Means for 2.5D and 
3D Surface Evaluation
 Teun Baar, Melissa Olen, Carinna Parraman and 
Maria Ortiz Segovia

PS1-84  The Relationships between Colors of Neck, 
Cheek, and Shaded Face Line Affects Beauty of 
Made-up Face
 Youhei Ishiguro, Mamiko Nakato, Erika Tokuyama, 
Nao Matsushita and Minori Yamahara

PS1-85  Experimantal Method Suggested for Optical 
Observation of Anisotropic Scattering
 Akio Kawaguchi and Hirofumi Ninomiya

PS1-86  Color Measurement of Meat in Cooking under 
LED Lightings with Different Spectral Distribu-
tions
 Akari Kagimoto, Risa Shiomi, Shino Okuda, Mami 
Masuda, Katsunori Okajima, Hideki Sakai and 
Hiroyuki Iyota

PS1-87  Color Temperature and Illuminance of Main 
Streets with Day and Night Illumination in the 
Center of Osaka, Japan
 Haruyo Ohnoh

Scientific Program Wednesday, May 20
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9:20-10:40　　(sola city Hall)
MCS1: Multispectral Imaging System
Chairs: Lindsay MacDonald & Masaru Tsuchida

MCS1-1  Surface Spectral Reflectance Estimation with 
Structured Light Projection
	Grzegorz	Mączkowski,	Krzysztof	Lech	and	Robert	
Sitnik

MCS1-2  Multispectral Imaging System Based On Tune-
able LEDs
 Muhammad Safdar, Ming Ronnier Luo, Yuzhao 
Wang and Xiaoyu Liu

MCS1-3  Evaluation of Hyperspectral Imaging Systems 
for Cultural Heritage Applications Based on a 
Round Robin Test
 Sony George, Irina Mihaela Ciortan and Jon Yn-
gve Hardeberg

MCS1-4  Spectral Gigapixel Imaging System for Omnidi-
rectional Outdoor Scene Measurement
 Motoki Hori, Naoto Osawa, Keita Hirai, Takahiko 
Horiuchi and Shoji Tominaga

9:20-10:35　　(Room C)
OS5: Color Education & Culture  
 Chairs: Verena M. Schindler & Kohji Yoshimura

OS5-1  re ere g  o o r
 Ilona Huolman

OS5-2   o e  erience in o or eac ing  a ter 
in Color Design & Technology
 Alessandro Rizzi, Maurizio Rossi, Cristian 
Bonanomi and Andrea Siniscalco

OS5-3  The Ambiguous Term of “Saturation”
 Karin Fridell Anter, Harald Arnkil and Ulf Klarén

OS5-4  Colour Education and Real Life Colour
 Ulf Klarén and Karin Fridell Anter

OS5-5  Color Universes for the Chilean Heritage
 Elisa Cordero

 
and Eréndira Martínez

11:00-12:20　　(sola city Hall)
MCS2: Multispectral Color Science  
 Chairs: Jon Yngve Hardeberg & Keita Hirai

MCS2-1  Handheld Hyperspectral Imaging System for 
the Detection of Skin Cancer
 Xana Delpueyo, Meritxell Vilaseca, Santiago 
Royo, Miguel Ares, Ferran Sanabria, Jorge Her-
rera, Francisco J. Burgos, Jaume Pujol, Susana 
Puig,	Giovanni	Pellacani,	 Jorge	Vázquez,	Gi-
useppe Solomita and Thierry Bosch

MCS2-2  Empirical Disadvantages for Color-Deficient 
People
 Joschua Simon-Liedtke and Ivar Farup

MCS2-3  Spectral Reflectance Recovery Using Natural 
Neighbor Interpolation with Band-Divided Lin-
ear Correction
 Tzren-Ru Chou and Tsung-Chieh Sun

MCS2-4  Evaluation of Gastrointestinal Tissue Oxygen 
Saturation Using LEDs and a Photo Detector
 Yoshitaka Minami, Takashi Ohnishi, Koki Kato, 
Hiroyuki Wasaki, Hiroshi Kawahira and Hideaki 
Haneishi

11:00-12:15　　 (Room C)
OS6: Color and Culture
Chairs: Tien-Rein Lee & Shin’ya Takahashi

OS6-1  Forsius’ Second Colour Order Diagram of 1611 
from the Iconic Point of View
 Verena M. Schindler

OS6-2  Five Colours - A Study of Chinese Traditional 
Colour
 Jie Xu

OS6-3  Meeting New Challenges in Colour Tendencies 
in Norway
 Kine Angelo and Alex Booker

OS6-4  e mage o  t e o or e  in etter   St  
Based on the Historical Backgrounds of Russia 
and Japan
 Sasha Krysanova

OS6-5  a ane e o or ame  e ecting eing  it  
a Focus on Their Color Terms in Brown Re-
gions Including More than 100 Browns
 Kohji Yoshimura, Yuko Yamada and Stephen 
Shrader

Scientific Program Thursday, May 21

Invited Talk (MCS)
8:30 - 9:15 sola city Hall
Chair: Shoji Tominaga

ti ectra  co o r imaging  ime to mo e o t o  t e a
Jon Yngve HARDEBERG

Oral Papers
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PS2-1  Changes of Color Names and Coloring Materi-
als in Japan
 Norifumi Kunimoto

PS2-2  Differences in the Drawings and the Color of 
the Violence in Children from Three Different 
Cultures
 Georgina Ortiz Hernandez and Mabel López

PS2-3  Color and Image of the City in Environmental 
Design of Kazimir Malevich
 Yulia Griber

PS2-4  Comparative Study about Preference Tendency 
to Spatial Color Based on Color Recognitions 
an  motion  among ation   oc e  on o-
rea and Malaysia
 Ji-Young Oh, Heykyung Park, Mai Neo, Jian-Yuan 
Soh and Min Jae Lee

PS2-5  The Analysis of Door Color on the Traditional 
Palace of the Kingdom of Joseon
 Lu Chen and Jin Sook Lee

PS2-6  Comparison among Three Methods for Thai 
Colour Naming
 Pichayada Katemake, Dimitris Mylonas, Lindsay 
MacDonald and Amara Prasithrathsint

PS2-7  A Study on Elements Perceived as Traditional 
among Fabrics and Colors for Hanbok
 Ji Hyun Sung and Yung Kyung Park

PS2-8  The Positive Impact of Image by Colour for 
Vulnerable People
 Maria Elena Chagoya

PS2-9  ait  in t e Po er o  o or  S irit a  e i a  
rom t e a t a an art a e i a ter

 Yumi Awano

PS2-10  Types of Smart Cities | Cities Built from the 
Scratch and Old Cities Transformed into Smart 

itie  at in  o  o o r  can e e
 Ana C. Oliveira

PS2-11  The Use of English Colour Terms in Big Data
 Dimitris Mylonas, Matthew Purver, Mehrnoosh 
Sadrzadeh,	Lindsay	MacDonald	and	Lewis	Griffin

PS2-12  A Proposal of Colour Universal Design Game 
for Learning Dichromats’ Confusion Colours
 Shigehito Katsura and Shoji Sunaga

PS2-13  o o r anagement  anaging t e nt iti e -
sue, the Gamut Issue and the Engagement Issue
 Philip Henry and Stephen Westland

PS2-14  Suggestion for Teaching Natural Colors through 
Investigation and Analysis of Current Color Ed-
ucation for Children in Korea
 Shin Sangeun, Choi Sueran, Kim Saetbyul and  
Kim Yoosun

PS2-15  Color Mixture Learning using Personal Com-
puter for Basic Design
 Tomoko Mitsutake, Katsuyuki Aihara and Yosuke 
Yoshizawa

PS2-16  e rt o  o o r armon  e nigmatic 
Concept of Complementary Colours
 Harald Arnkil

PS2-17   St  on n ence o  t e t re an  rt -
perience of Senior Citizens from Relationships 
between Culture and Art Education Space and 
Color Emotion Assessment
 Hyeyun Son, Yunsun Park and Jinsook Lee

PS2-18  Impressions of Buildings Derived from the 
Combined Effects of Exterior Colour, Material, 
and Window Shape
 Kazumi Nakayama and Masato Sato

PS2-19  Analysis of Current Colors of Native Plants 
Growing Naturally in Korea
 Yoosun Kim, Sueran Choi, Saetbyul Kim and San-
geun Shin

PS2-20  Effects of Accent Colour on the Apparent Dis-
tance to a Wall and the Apparent Volume of an 
nterior S ace  e a i ation eriment in an 

Actual Space
 Wataru Kamijo, Keishi Yoshida and Masato Sato

PS2-21  Metamer Mismatching as a Measure of the Col-
or Rendering of Lights
 Hamidreza Mirzaei and Brian Funt

PS2-22  Visual Impression of a Real Room Affected by 
Lighting Conditions and by Colour and Texture 
of the Walls
 Jau-Yi Wu, Henry Pan and Li-Chen Ou

PS2-23  Suggesting Appropriate Color Range for Indoor 
Space Based on EEG Measurement
 Hanna Kim, Heewon Lee, Mijin Lee and Jinsook 
Lee

PS2-24  Development of the Interior Color Coordination 
Recommendation System of Living Space for 
University Student Living Alone Using Genetic 
Algorithm
 Tatsunori Matsui, Keiichi Muramatsu, Kazuaki 
Kojima, Mai Kawashima and Miho Saito

PS2-25  Chromatic Integration of the Architectural Sur-
ace  it  t e n ironment  na i  an  a -
ification o  a e St ie

 Alessandro Premier and Katia Gasparini

PS2-26  Color Appearance of Red Printing Ink for Color 
i ion eficienc

 Terumi Kato, Yoko Mizokami, Masami Shishikura, 
Shinichiro Taniguchi, Tomomi Takeshita, Fumiko 
Goto and Hirohisa Yaguchi

PS2-27  A Study on the Utilization of Korean Saekdong 
Color in the Textile Arts
 Kum-Hee Ryu

PS2-28  Color Adjustment for an Appealing Facial Pho-
tography
 Kyeongah Jeong and Hyeon-Jeong Suk

Scientific Program Thursday, May 21

Poster Papers
13:45-15:15　Poster 2　(Room B/Lobby)

Chairs: Yasuki Yamauchi & Takuzi Suzuki

Room B : PS2-1~64
Lobby : PS2-65~85
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PS2-29  Understanding Popular Relationships among 

Colors through the Network Analysis for Crowd 

Sourced Color Data

 EunJin Kim and Hyeon-Jeong Suk
PS2-30  Eliciting the Color Bizarreness Effect Using 

Photographs

 Aiko Morita and Saki Funakoshi
PS2-31  Texture in Color Emotions

 Ivana Tomic, M Mar Lazaro, Ana Carrasco-Sanz, 
Ana Benjumea, Li-Chen Ou, Jose Antonio Garcia, 
Igor Karlovic and Rafael Huertas

PS2-32  Individual’s Color Preference and Personality 

of Feeling Active and Passive Good Emotion, 

Pleasantness and Comfortableness

 Shin’ya Takahashi and Takashi Hanari
PS2-33  Colour Emotions for Antioxidant-Enriched Vir-

gin Olive Oils

 Luis Gómez-Robledo, Piedad Limon, Ruperto Ber-
mejo and Manuel Melgosa

PS2-34  A Study on Difference in Color Sensibility 

Judgment between Professionals & Non-profes-

sionals

 Younjin Lee
PS2-35  Age Effects on Garments Color Harmony

 Min Huang, Zeyang Li, Guihua Cui, Haoxue Liu 
and M. Ronnier Luo

PS2-36  Effects of Color and Aroma of Roasted Tea on 

the Predicted Taste and Palatability

 Atsushi Haruta, Kosuke Asano, Akihisa Takemura, 
Shino Okuda and Katsunori Okajima

PS2-37  A Study of Relationship between Physical Value 

and Psychological Value in PCCS

 Tadayuki Wakata and Miho Saito
PS2-38  Psychological Effects of Meal Tray Color on 

the Visual Palatability of Meals among Individ-

uals with Low Vision - The Effects of Brightly 

Toned Colors

 Keiko Tomita, Maya Inamura and Kimiko Ohtani
PS2-39  A Comparison between the Impact of Short and 

Long Wavelengths of Light on Sleepiness and 

Mood

 Mengxi Yun, Sayaka Aritake, Sunao Uchida and 
Miho Saito

PS2-40  Experimental Study of Common Factors be-

tween Impressions of Wall-Paper Colors and 

Sounds in Living Environments

 Miho Saito, Yuriko Oishi and Taiichiro Ishida
PS2-41  e n e tigation o  actor  n encing t e m-

pression of Color Harmony

 Yuh-Chang Wei and Wen-Guey Kuo
PS2-42  The Hidden Image – A Strategy to Put an Un-

wanted Phenomenon in Its True Light

 Salome Egger

PS2-43  Does Colour Really Affect Pulse Rate and 

oo  Pre re 
 Soojin Lee and Stephen Westland

PS2-44  Effects of Font Size on Visual Comfort for 

Reading on a Tablet Computer

 Hsin-Pou Huang, Yi-Ho Bai and Li-Chen Ou

PS2-45  Influence of Spectral Component of White 

Light on the Discomfort Glare - Contribution of 

Image and Non-image Forming Pathways -

 Toshihiro Toyota and Taka-Aki Suzuki
PS2-46  Low-chroma Colors Suppress Luminance-driv-

en Brain Activation Measured by fMRI

 Ippei Negishi and Keizo Shinomori
PS2-47  A New Evaluation Method Using the 100-hue 

Test and Age Trends in Color Distinction Abili-

ty

 Masayuki Harada
PS2-48  Study on Image Statistics When Color Attracts 

Human Attention

 Yasuhiro Hatori, Ichiro Kuriki, Kazumichi Mat-
sumiya and Satoshi Shioiri

PS2-49  Prior Knowledge Modulates Peripheral Color 

Appearance

 Bilge Sayim, Erik Myin and Tilde Van Uytven
PS2-50  Decision of Validness in Custom Color Name of 

JIS Z 8102

 Yosuke Yoshizawa
PS2-51  Evaluation of Color Appearance under LED and 

OLED Lighting Based on the Data Obtained by 

a New Color Category Rating Method

 Taiichiro Ishida, Yasuki Yamauchi, Takehiro Nagai, 
Hiroyuki Kurimoto, Yuhei Shoji and Tatsuya Taji-
ma

PS2-52  n ence o  Po ition o  o ore  Pane  to n-

tire Pattern’s Visibility

 Ryouta Nakaya, Ippei Negishi and Keizo Shino-
mori

PS2-53  A Color Coordination Support System Based on 

Impression from Color and Readability of Text

 Yoshihiko Azuma, Kazuhiro Yamamoto, Miyuki 
Kobayashi and Eri Komiyama

PS2-54  St  on i a  ecognition o  S ec a e ec-

tion about Silk and Cotton Textile

 Eun Jung Lee and Masayuki Osumi
PS2-55  An Experiment on Color Differences Using Au-

tomotive Gonioapparent Samples

 Manuel Melgosa, Luis Gómez-Robledo, Esther 
Perales, Elisabet Chorro, Francisco Miguel 
Martínez-Verdú and Thomas Dauser

PS2-56  Legibility of Printed Thai Letters Comparison 

on Young and Elderly

 Boonchai Waleetorncheepsawat

PS2-57  On the Perceived Brightness of Whites

 Dragan Sekulovski, Kees Teunissen, Mart Peeters, 
Yue-Jun Sun and Remy Broersma

PS2-58  Smart Lighting Providing Different Optimal Vi-

siual Illumination for Different Objects

 Neng-Chung Hu, Horng-Ching Hsiao and Li-Chi 
Su

PS2-59  Prediction of Acceptable Lightness Difference 

in Painting on Automobile Surface with Differ-

ent Materials Based on Multi-angle Measure-

ment

 Kohei Wakai

PS2-60  Visual Perception and Criteria for Good Light-

ing

 Johanna Enger and Anahita Davoodi
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PS2-61  Space Brightness Affected by a Scenic View 
through a Window
 Shogo Yamada, Ryousuke Tanaka, Hiroyuki Shino-
da and Yasuhiro Seya

PS2-62  n ence o  S r ace Pro ertie  on ateria  -
pearance
 Ming-Kang Lan, Tien-Rein Lee and Vincent C. Sun

PS2-63  i a  a ation o  a oo en fini  oom an  
the Colorimetry of Wood
 Shigeko Kitamura, Jun Tsuchiya and Shoji Sunaga

PS2-64  Total Appearance of Metallic Coatings using a 
Stereo Capture System
 Min-Ho Jung, Vien Cheung and Peter A. Rhodes

PS2-65  Statistical Image Analysis for Evaluating Face 
S ine  o metic e earc
 Takanori Igarashi, Takahiro Naoki, Masataka Seo 
and Yen-Wei Chen

PS2-66  High Dynamic, Spectral and Polarized Natural 
ig t n ironment c i ition

 Philippe Porral, Patrick Callet and Philippe Fuchs

PS2-67  Development of Skin Reflectance Prediction 
Model Using a Skin Data
 Kaida Xiao, Mengmeng Wang, Tushar Chauhan, 
Jingjing Yin, Changjun Li, Ronnier Luo and So-
phie Wuerger

PS2-68  Comparing CSI and PCA in Amalgamation with 
JPEG for Spectral Image Compression
 Muhammad Safdar, Ming Ronnier Luo and Xiaoyu 
Liu

PS2-69  A System for Analyzing Color Information with 
the Multi-spectral Image and Its Application 
 Junyan Luo, Yoko Mizokami, Hirohisa Yaguchi, 
Yohei Takara, Fuminori Ando, Takahiro Fujimori and Naoki 
Noro

Judd Award Lecture
16:30 - 17:45　sola city Hall
Chair: Nick Harkness
On the dimensionality of the colour world 
Françoise VIÉNOT

Scientific Program Thursday, May 21

MCS Poster Papers

PS2-70  Quality Comparison of Multispectral Imaging 
Systems Based on Real Experimental Data
 Raju Shrestha and Jon Y. Hardeberg

PS2-71  LED-based Gonio-hyperspectral System for the 
Analysis of Automotive Paintings
 Francisco J. Burgos, Meritxell Vilaseca, Esther 
Perales, Elísabet Chorro, Francisco M. Martínez-
Verdú,	 José	Fernández-Dorado,	 José	L.	Alva-
rez-Muñoz and Jaume Pujol

PS2-72  Multispectral Image Estimation from RGB Im-
age Based on Digital Watermarking
 Kazuma Shinoda, Aya Watanabe, Madoka Hasega-
wa and Shigeo Kato

PS2-73  Image Correction for a Multispectral Imaging 
System Using Interference Filters and Its Appli-
cation
 Shogo Nishi and Shoji Tominaga

PS2-74  Development of Multi-bands 3D Projector
 Ryotaro Miwa, Yoshitsugu Manabe and Noriko 
Yata

PS2-75  Perceived Quality of Printed Images on Fluo-
rescing Substrates under Various Illuminations
 Steven Le Moan and Ludovic Gustafsson Coppel

PS2-76  o Pre ict ea it  in irt a  n ironment   
Exploring the reliability of colour and light ap-
pearance in 3D-models
 Beata Stahre Wästberg, Jacqueline Forzelius and 
Monica Billger

PS2-77  Altering Perceived Depth of Objects with Col-
ored Lighting
 Ruth Genevieve Ong and Nan-Ching Tai

PS2-78  A Model for Estimation of Overprinted Colors 
on Nishiki-e Printings
 Sayoko Taya, Takuzi Suzuki, Noriko Yata and 
Yoshitsugu Manabe

PS2-79  Ethical Considerations on Gene Therapy for 
o or eficient Peo e

 Joschua Simon-Liedtke

PS2-80  o t ro omain e ectance timation
 Christoph Godau

PS2-81  o orama  tra o or Sen ation or t e o -
or-Deficient with Gene Therapy and Modal 
Augmentation
 Joschua Simon-Liedtke

PS2-82  Benchmarking a Grating-based Spectral Imag-
ing System
 M. James Shyu and Ting-Yun Lin

PS2-83  Experimental Evaluation of Chromostereopsis 
with Varying Spectral Power Distribution of 
Same Color
 Masaru Tsuchida, Minoru Mori, Kunio Kashino 
and Junji Yamato

PS2-84  a e an  on ergence o e  erimenta  
Comparison
 Jessica El Khoury, Jean-Baptiste Thomas and Ala-
min Mansouri

PS2-85  Hyperspectral Reflectance Reconstruction Us-
ing a Filter-based Multispectral Camera
 Wei-Chun Hung, Pei-Li Sun and Raymond Jiang
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Scientific Program Friday, May 22

Invited Talk
8:30 - 9:15　　sola city Hall
Chair: Katsunori Okajima
Neural Representation of Color in Visual Cortex
Hidehiko KOMATSU

10:50-11:50　　(sola city Hall)
OS9: Cosmetics, Material Perception  
Chairs: Takanori Igarashi & Motonori Doi
OS9-1  An Investigation of the Appearance Harmony 

Using Real Materials and Displayed Images
 Midori Tanaka and Takahiko Horiuchi

OS9-2  The Colour of Gold
 Lindsay MacDonald

OS9-3  Preferred LED Lighting for Wood Surfaces and 
Colored Surfaces
 Markus Reisinger

OS9-4  Development of a Facial Imaging System and 
New Quantitative Evaluation Method for Pig-
mented Spots
 Kumiko Kikuchi, Yuji Masuda, Tetsuji Hirao, Kiy-
oshi Sato, Yoko Mizokami and Hirohisa Yaguchi

10:50-11:50　　  (Room C)
OS10: Color Psychology 
Chairs:Osvaldo Da Pos & Shinji Nakamura
OS10-1  Colour Preference and Harmony for Athletic 

Shoe Designs
 Wei-Hsuan Chao, Ji-Yuan Huang, Chung-Chien 
Lan and Li-Chen Ou

OS10-2  A Study on Silver Metallic Color Preference - A 
Comparison of Responses by Age and Gender 
in Thailand -
 Kamron Yongsue, Mikiko Kawasumi, Chanprapha 
Phuangsuwan and Kanrawee Tawonpan

OS10-3  Effects on Impression of Taste in Color Stimuli
 Masato Sakurai, Yusuke Michinaka and Takahiro 
Yoshikawa

OS10-4  The Color Image of Dichromats and Anomalous 
Trichromats
 Yuria Noguchi and Muneo Mitsuboshi

9:20-10:35　　 (sola city Hall)
OS7: Appearance, Lighting 
Chairs: Ronnier Luo & Hiroyuki Shinoda
OS7-1  Assessing Glare Using LED Sources Having 

Different Uniformity Patterns
 ShiNing Ma, Yang Yang, Ming Ronnier Luo, Xi-
aoYu Liu and BinYu Wang

OS7-2  Evaluation of the Performance of Different Co-
lour Rendering Indices Employed in LEDs
 Haiting Gu, Xiaoyu Liu, Ming Ronnier Luo, Binyu 
Wang and Haiyan Liu

OS7-3  A Study on the Lighting of Bathroom for the 
Elderly
 Jiyoung Park, Chanung Jeong, Eunji Seo and Jin-
sook Lee

OS7-4  Sitting Posture Based Lighting System to En-
hance the Desired Mood
 Hyunjoo Bae, Haechan Kim and Hyeon-Jeong Suk

OS7-5  Colour Lighting Based on Chromatic Strength
 Toru Kitano, Tetsuji Yamada and Kosuke Oshima

9:20-10:35　　(Room C)
OS8: Color Deficiency
Chairs: Youngshin Kwak & Takashi Sakamoto
OS8-1  Influences to Color Constancy by Wearing the 

Optical Dichromatic Filter or the Aged Lens Fil-
ter under Static and Rapidly-Changed Colored 
Illuminations
 Mio Hashida, Ippei Negishi and Keizo Shinomori

OS8-2  Spectral Functional Filters for Optical Simula-
tion of Dichromats in Color Discrimination
 Keizo Shinomori, Kanae Miyazawa and Shigeki 
Nakauchi

OS8-3  What Are Memory Colors for Color Deficient 
Persons?
 Jia-Wun Jian, Hung-Shing Chen and Ronnier Luo

OS8-4  Establishment of a Model Colour Palette for 
Colour Universal Design
 Kei Ito, Tomomi Takeshita, Fumiko Goto, Ma-
safumi Nishigaki, Teruo Kobayashi, Mitsumasa 
Hashimoto, Yosuke Tanaka, Koichi Iga, Shunsuke 
Watanabe, Koki Okagawa and Mitsuyoshi Maeka-
wa

OS8-5  Color Universal Design
 Yasuyo G. Ichihara

Oral Presentation
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Keynote Lecture, Invited Talks,
Judd Award Lecture
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The Gathering Space
Kazuyo SEJIMA
SANAA, Japan

Focusing on her recent works, Kazuyo Sejima will introduce the environment and 
architecture enhanced by color.
(In Japanese, with interpreting Japanese into English)

Kazuyo Sejima (Japan)
Kazuyo Sejima studied architecture at the Japan 
Women’s University before going to work for Toyo 
Ito. She launched her own practice in 1987. In 1995, 
she established SANAA with Ryue Nishizawa. Her 
own works include, House in a Plum Grove and 
Inujima Art House project. SANAA’s main works 
include the 21st Century Museum of Contemporary 
Art in Kanazawa, Rolex Learning Center, EPFL, the 
Louvre Lens, and the New Museum of Contemporary 
Art. SANAA’s current projects include the Grace 
Farms Project in Connecticut, USA, and the Bezalel 
Academy of Arts and Design in Jerusalem, Israel. 
In 2010 Kazuyo Sejima was appointed director of 
the Venice Biennale. And in the same year, Kazuyo 
Sejima and Ryue Nishizawa of SANAA were the 
recipients of the prestigious Pritzker Architecture Prize.

Keynote Lecture
Wednesday, May 20, 9:30-10:30 (sola city Hall)

photo:Takashi Okamoto
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Multispectral colour imaging: Time to move out of the lab?
Jon Yngve HARDEBERG and Raju SHRESTHA
The Norwegian Colour and Visual Computing Laboratory
Gjøvik University College, Gjøvik, Norway

Jon Y. Hardeberg (Norway)
He is currently Professor of Color Imaging at Faculty 
of Computer Science and Media Technology, Gjøvik 
University College, Norway and member of the Norwegian 
Color and Visual Computing Laboratory. His current main 
research interests include multispectral color imaging, print 
an  image a it  co orimetric e ice c aracteri ation  
color management, and cultural heritage imaging.His 
professional memberships include IS&T, SPIE, and ISCC. 
He is the Norwegian delegate to Division 8 of the CIE.

Invited Talk (MCS)
Thursday, May 21, 8:30-9:15 (sola city Hall)
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Multispectral colour imaging:  
Time to move out of the lab? 

 

Jon Yngve HARDEBERG and Raju SHRESTHA
 

The Norwegian Colour and Visual Computing Laboratory 

Gjøvik University College, Gjøvik, Norway 

ABSTRACT 
In this paper we present and discuss our recent research using three approaches for fast and 

cost-effective acquisition of multispectral colour images; using a stereoscopic camera with 

additional optical filters, using an extension of the traditional colour filter array beyond the 

conventional three channels, and using active LED illumination in conjunction with RGB 

or panchromatic area image sensors. An important goal for this work is to achieve faster 

and more practical solutions for multispectral colour imaging, paving the way for new 

application areas and more widespread use, beyond the scope of the resarch laboratories.  

1. INTRODUCTION 
In the past decades there has been a significant volume of research carried out in the field 

of multispectral colour imaging, that is, imaging systems and methodologies in which the 

spectral reflectance of the imaged scene is captured and processed, while one of the goals 

of the resulting imagery remains visual inspection; therefore precise colour information is 

of high importance in the imaging workflow. 

The focus of much of this research has been to facilitate a type of systems that usually 

requires that the multispectral colour image is captured using multiple subsequent captures 

(e.g. systems based on filter wheels, liquid crystal tunable filters, or active lighting 

together with a panchromatic area imaging sensor), or a line-by-line scanning of the scene 

(e.g. systems based on prisms or gratings coupled with area imaging sensors). Both these 

approaches have serious shortcomings with regards to the usability of the systems, in 

particular when applied to real-world scenes with moving objects. 

Multispectral colour imaging has shown its usefulness in many application domains 

such as cultural heritage, medical imaging, biometrics, remote sensing, food quality etc., 

and its scope continues to grow. Refer to Hardeberg (2001) and Shrestha (2014) for a 

comprehensive overview of the research field. However, the applications are so far mostly 

limited to research laboratories. Key obstacles to broader application include cost, user-

friendliness, and speed. 

Recently, new approaches for faster and more practical multispectral colour image 

acquisition have been proposed, including the three promising ideas of using multispectral 

colour filter arrays (MCFA), using two colour cameras with additional optical filters in a 

stereoscopic configuration, and using active LED illumination in conjunction with RGB or 

panchromatic area image sensors.  

In this paper we present briefly our recent research using these three approaches, 

discuss their advantages and disadvantages, as well as directions for further research 

aiming for faster, cheaper, and more user friendly solutions for multispectral colour 

imaging. 

 

 

2. THE MULTISPECTRAL COLOUR FILTER ARRAY APPROACH 
The MCFA approach is based on an extension of the conventional colour filter array 
(CFA) to using more than three channels. Baone and Qi (2000) made a proposal of such an 
MCFA based imaging system, whose main purpose was classification, where they used 
four bands in the middle and low wave infrared region in addition to the conventional three 
in the visible spectrum. They also proposed a new demosaicking algorithm that aimed to 
better restore the image by maximizing a-posteriori probability. A recent work by Lu et al. 
(2009) also focused on constructing MCFAs to capture a NIR band along with the visible 
bands. The purpose of this work was the simultaneous capture of high quality visible and 
NIR image pair. Another work by Brauers and Aach (2006) proposes an MCFA with 
narrow band filters in the visible range. Here also, a demosaicking algorithm has been 
proposed, which attempts to make use of the inter-band correlation by low pass filtering of 
the channel differences. 

A MCFA based multispectral camera introduces several design issues that need to be 
handled, even before considering possible issues related to the eventual real production of 
imaging sensors and systems (Lapray et al. 2014). Notable ones include the choice of the 
number of filters and their selection for the acquisition system, the spatial arrangement of 
the filters, and the demosaicking algorithm.  

In (Shrestha et al. 2011a), we used the algorithm proposed by Miao and Qi (2004) to 
construct MCFAs of different sizes, based on the probability of appearance of the 
corresponding spectral bands. We simulated acquisitions of several spectral scenes using 6, 
8, and 10-channel systems, and compared the results with those obtained by the 
conventional regular MCFA arrangement, evaluating the precision of the reconstructed 
scene spectral reflectances in terms of spectral RMS error, goodness-of-fit coefficient 
(GFC) and colorimetric CIEDE2000 colour differences. Using the proposed approach we 
significantly improved the precision, in particular for an eight-channel MCFA we reduced 
the average CIEDE2000 colour difference by up to 50%. 

In (Wang et al. 2013a), we proposed to use a discrete wavelet transform (DWT) for 
MCFA demosaicking. In (Wang et al. 2013b), we proposed two vector based median 
filtering methods for MCFA demosaicking. One solved the demosaicking problems by 
means of vector median filters, and the other applied median filtering to the demosaicked 
image as a subsequent refinement process to reduce artefacts. To evaluate the performance 
of these algorithms, a simulation framework was constructed with the capability of 
simulating image acquisition, mosaicking, demosaicking and quality assessment. Through 
this work we have proved the feasibility of MCFA demosaicking. 

3. THE STEREOSCOPIC CAMERA APPROACH 
As the second approach towards fast and practical one-shot multispectral colour image 
acquisition we propose to use two colour cameras in a stereoscopic configuration, and 
equip them with appropriate optical filters. In a related previous work Hashimoto and 
Kishimoto (2008) proposed a two-shot 6-band multispectral system using a commercial 
digital camera and a custom colour filter. But, this still needed two subsequent shots, and 
custom filter needed to be constructed. Ohsawa et al. (2004) proposed a one-shot six band 
HDTV camera systems, and they have shown that the six band system achieved more 
accurate colour estimation. The system they proposed used a beam splitter and specially 
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Jon Yngve HARDEBERG and Raju SHRESTHA
 

The Norwegian Colour and Visual Computing Laboratory 

Gjøvik University College, Gjøvik, Norway 

ABSTRACT 
In this paper we present and discuss our recent research using three approaches for fast and 

cost-effective acquisition of multispectral colour images; using a stereoscopic camera with 

additional optical filters, using an extension of the traditional colour filter array beyond the 

conventional three channels, and using active LED illumination in conjunction with RGB 

or panchromatic area image sensors. An important goal for this work is to achieve faster 

and more practical solutions for multispectral colour imaging, paving the way for new 

application areas and more widespread use, beyond the scope of the resarch laboratories.  

1. INTRODUCTION 
In the past decades there has been a significant volume of research carried out in the field 

of multispectral colour imaging, that is, imaging systems and methodologies in which the 

spectral reflectance of the imaged scene is captured and processed, while one of the goals 

of the resulting imagery remains visual inspection; therefore precise colour information is 

of high importance in the imaging workflow. 

The focus of much of this research has been to facilitate a type of systems that usually 

requires that the multispectral colour image is captured using multiple subsequent captures 

(e.g. systems based on filter wheels, liquid crystal tunable filters, or active lighting 

together with a panchromatic area imaging sensor), or a line-by-line scanning of the scene 

(e.g. systems based on prisms or gratings coupled with area imaging sensors). Both these 

approaches have serious shortcomings with regards to the usability of the systems, in 

particular when applied to real-world scenes with moving objects. 

Multispectral colour imaging has shown its usefulness in many application domains 

such as cultural heritage, medical imaging, biometrics, remote sensing, food quality etc., 

and its scope continues to grow. Refer to Hardeberg (2001) and Shrestha (2014) for a 

comprehensive overview of the research field. However, the applications are so far mostly 

limited to research laboratories. Key obstacles to broader application include cost, user-

friendliness, and speed. 

Recently, new approaches for faster and more practical multispectral colour image 

acquisition have been proposed, including the three promising ideas of using multispectral 

colour filter arrays (MCFA), using two colour cameras with additional optical filters in a 

stereoscopic configuration, and using active LED illumination in conjunction with RGB or 

panchromatic area image sensors.  

In this paper we present briefly our recent research using these three approaches, 

discuss their advantages and disadvantages, as well as directions for further research 

aiming for faster, cheaper, and more user friendly solutions for multispectral colour 

imaging. 

 

 

2. THE MULTISPECTRAL COLOUR FILTER ARRAY APPROACH 
The MCFA approach is based on an extension of the conventional colour filter array 
(CFA) to using more than three channels. Baone and Qi (2000) made a proposal of such an 
MCFA based imaging system, whose main purpose was classification, where they used 
four bands in the middle and low wave infrared region in addition to the conventional three 
in the visible spectrum. They also proposed a new demosaicking algorithm that aimed to 
better restore the image by maximizing a-posteriori probability. A recent work by Lu et al. 
(2009) also focused on constructing MCFAs to capture a NIR band along with the visible 
bands. The purpose of this work was the simultaneous capture of high quality visible and 
NIR image pair. Another work by Brauers and Aach (2006) proposes an MCFA with 
narrow band filters in the visible range. Here also, a demosaicking algorithm has been 
proposed, which attempts to make use of the inter-band correlation by low pass filtering of 
the channel differences. 

A MCFA based multispectral camera introduces several design issues that need to be 
handled, even before considering possible issues related to the eventual real production of 
imaging sensors and systems (Lapray et al. 2014). Notable ones include the choice of the 
number of filters and their selection for the acquisition system, the spatial arrangement of 
the filters, and the demosaicking algorithm.  

In (Shrestha et al. 2011a), we used the algorithm proposed by Miao and Qi (2004) to 
construct MCFAs of different sizes, based on the probability of appearance of the 
corresponding spectral bands. We simulated acquisitions of several spectral scenes using 6, 
8, and 10-channel systems, and compared the results with those obtained by the 
conventional regular MCFA arrangement, evaluating the precision of the reconstructed 
scene spectral reflectances in terms of spectral RMS error, goodness-of-fit coefficient 
(GFC) and colorimetric CIEDE2000 colour differences. Using the proposed approach we 
significantly improved the precision, in particular for an eight-channel MCFA we reduced 
the average CIEDE2000 colour difference by up to 50%. 

In (Wang et al. 2013a), we proposed to use a discrete wavelet transform (DWT) for 
MCFA demosaicking. In (Wang et al. 2013b), we proposed two vector based median 
filtering methods for MCFA demosaicking. One solved the demosaicking problems by 
means of vector median filters, and the other applied median filtering to the demosaicked 
image as a subsequent refinement process to reduce artefacts. To evaluate the performance 
of these algorithms, a simulation framework was constructed with the capability of 
simulating image acquisition, mosaicking, demosaicking and quality assessment. Through 
this work we have proved the feasibility of MCFA demosaicking. 

3. THE STEREOSCOPIC CAMERA APPROACH 
As the second approach towards fast and practical one-shot multispectral colour image 
acquisition we propose to use two colour cameras in a stereoscopic configuration, and 
equip them with appropriate optical filters. In a related previous work Hashimoto and 
Kishimoto (2008) proposed a two-shot 6-band multispectral system using a commercial 
digital camera and a custom colour filter. But, this still needed two subsequent shots, and 
custom filter needed to be constructed. Ohsawa et al. (2004) proposed a one-shot six band 
HDTV camera systems, and they have shown that the six band system achieved more 
accurate colour estimation. The system they proposed used a beam splitter and specially 
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designed filters, and thus construction and operation of the system was still complex and 

costly. 

In our work (Shrestha et al. 2010; 2011b; 2011c), we have extended this idea further 

with a more simplified approach using a stereo camera, and a pair of filters selected from 

among a set of readily available filters. The best pair of filters is selected from this set such 

that they modify the sensitivities of the two cameras in such a way that the resulting 

spectral sensitivities are optimal with regards to the precision of the resulting spectral 

reflectance data. Depending on application, optimal filters could be selected for more 

accurate colour reproduction. The stereoscopic configuration of the two cameras also 

provides a solution to the image alignment problem by means of stereo matching 

algorithms. An appropriate state of the art stereo matching algorithm can be used.  

Furthermore, the use of a stereo camera makes the system capable of capturing three 

dimensional images simultaneously along with the multispectral colour images. Thus the 

system can be used as a “two-in-one” multispectral-stereo system.  

The proposed approach has been investigated with simulations as well as 

experimentally. Simulations have been performed with several pairs of real as well as 

imaginary cameras, and a set of two hundred and sixty five optical filters from Omega 

Optical, Inc. And, experimental studies have been conducted with arguably the world’s 

first modern digital 3D still camera from Fujifilm, the FinePix REAL 3D W1. The 

performance of the system has been evaluated both spectrally and colorimetrically based 

on spectral reconstruction of the scene reflectance and the scene colour reproduction 

respectively. Root mean square error (RMSE) and CIELAB E*ab have been used as 

spectral and colorimetric evaluation metrics respectively for computing estimation errors. 

Both simulations and experiments have shown that the proposed system performed better 

than RGB system both spectrally and colorimetrically.  

4. THE LED ACTIVE ILLUMINATION APPROACH 
The third approach is based on multiplexed LED (Light Emitting Diode) illumination. In a 

typical LED illumination based multispectral imaging (LEDMSI) system, a number of 

narrow band LED illuminations in a certain wavelength range is used to capture images 

with a digital monochrome camera (Park et al. 2007, Christens-Barry et al. 2009). Since 

switching of LEDs can be done electronically, synchronized with the image capture by a 

camera through a programmable micro-controller or a computer, the imaging process is 

quite fast. Availability of many different colors and high intensity LEDs with peak 

wavelengths spanning the visible range and even infrared region has made the construction 

of a more effective multispectral colour imaging system possible.  

We proposed a LEDMSI based multispectral film scanner for obtaining accurate digital 

color images from analog films (Shrestha et al. 2012). In one of our recent works, we 

proposed a LEDMSI system that uses an RGB camera in place of monochrome camera 

(RGB-LEDMSI), which increases the speed of acquisition by a factor of three (Shrestha & 

Hardeberg 2013a). An important step in a LEDMSI system design is the choice and 

number of LEDs to be used. We proposed a novel LED selection method for RGB-

LEDMSI system in Shrestha et al. (2012). The method selects optimal combination of 

three different types of LEDs for each exposure, each type of LED lying in one of the three 

regions corresponding to the spectral sensitivities of the three camera channels. Simulation 

and experimental results have shown that the performance of the proposed RGB-LEDMSI 

 

 

systems are comparable to the corresponding monochrome camera based LEDMSI systems 
both in terms of spectral and colorimetric estimations, but at a significantly higher speed. 

Another important aspect in LEDMSI is uniform illumination over the imaged scene. 
Moreover, we strive for all the LEDs have the same intensity profile. We proposed a LED 
matrix design method for equal intensity and uniform illumination in a LEDMSI (Shrestha 
& Hardeberg 2013b). Equal intensity LEDs can be achieved by using more LEDs whose 
intensity is low, and fewer LEDs whose intensity is high. For a given number of different 
types of LEDs, the proposed method generates an optimal or near-optimal arrangement of 
LEDs based on probability of appearances of the LEDs, which is calculated based on the 
intensity profiles of the LEDs and spectral sensitivity of the camera used. The method has 
shown to be effective in generating LED matrix design in terms of both spatial uniformity 
and consistency of LED distribution. 

6. CONCLUSIONS AND PERSPECTIVES 
In conclusion, our research so far has convinced us that the three proposed approaches can 
be viable alternatives for affordable acquisition of multispectral colour images. However 
there is obviously still much work to be done, e.g. concerning algorithms for interpolation 
in the filter array, as well as concerning the problem of occlusion in the stereo capture. 
Another promising research direction is addressing the problem of determining the 
illuminant in uncontrolled environments, so as to be able to recover the spectral 
reflectances of the scene without cumbersome calibration procedures (Shrestha & 
Hardeberg, 2014). 
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ABSTRACT 
  To understand how the object color is represented in our visual system, we need to 
understand at least two things: how the wavelength composition of the light is transformed 
to the color signal and how the surface reflectance property of the object is represented in 
our visual system. Numerous attempts have been made to answer to the  former question, 
and we now know that color signal is conveyed from the retina to the higher visual cortex 
along a specific visual pathway through several steps of signal transformation. Attempts to 
answer to the latter question have emerged only recently. These studies have shown that 
neurons selectively responsive to specific range of gloss exist in higher ventral visual area 
and that these neurons encode perceptual parameters of gloss. These two lines of studies in 
combination will shed light on how the object color is represented in our visual system.  

1. 'COLOR OF LIGHT' VS 'COLOR OF OBJECT' 
  When one says "this apple is red", he is not talking about the wavelength composition of 
the light coming into his eye from the apple. Instead, he is talking about some property 
intrinsic to an apple which makes the apple red. Numerous attempts have been previously 
made to understand the neural mechanisms of color vision, but most of those studies have 
concerned on the question about how the different wavelength compositions of the light 
yield different color perception. As the results of the efforts by many scientists, we are now 
approaching to a stage where we can make a coherent explanation about the neural 
mechanisms of color vision from the responses of the retinal photoreceptors to the neuron 
activities in the higher visual cortex. However, to what extent are we able to talk about the 
mechanisms of color perception with regard to the intrinsic properties of objects? In 
relation to the surface color, some important studies have shown the involvement of area 
V4 in color constancy that is related to the estimation of surface color (Zeki, 1983). 
However, estimation of the surface albedo is not the whole story on the surface color of 
objects. Surface gloss generated by the surface reflections that depends on the directions of 
the illumination and view point significantly affects the appearance of the object surface. 
For example, a matte yellow object is perceived simply as an yellow object, but if the 
object has a strong gloss and becomes shiny, it comes to possess golden appearance 
(Okazawa et al., 2011). Therefore, in order to be able to more fully talk about the object 
color that is associated with intrinsic properties of objects, we need to understand how 
gloss is represented in our visual system as well as how the wavelength composition of the 
light is transformed to the color signal in the visual system. 
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2. NEURAL REPRESENTATION OF 'COLOR OF LIGHT' 
  Neural processes to extract color from the wavelength composition of the light have been 
extensively studied and the processing of such color information in the early stage of the 
visual pathway is well established. Color signals originate by comparing signals of cones 
with different wavelength sensitivities (L cone, M cone, S cone) in the retina. This process 
yields two types of color signals, namely (L - M) and (S - (L + M)) signals (two-axes 
representation of color)(Komatsu, 1998). These color signals are relayed at the parvo- and 
konio-cellular layers of the lateral geniculate nucleus (LGN) and sent to the primary visual 
cortex (V1) in the cerebral cortex. In V1, these two types of color signals are combined to 
generate neurons that are selectively responsive for particular hues and neurons tuned for 
various directions in the hue circle are formed (multi-axes representation of color)(Lennie 
et al., 1990; Hanazawa et al., 2000; Wachtler et al., 2003).	  

                       Figure 1: Color signal transformation in the visual system. 

  Color signal is transmitted from V1 through the ventral visual pathway including areas 
V2 and V4 to the higher ventral area (inferior temporal cortex = IT cortex in macaque 
monkey). IT cortex contains multiple subregions where color selective neurons are 
clustered. In these subregions, neurons have sharp color selectivity (Komatsu et al., 1992; 
Conway et al., 2007; Yasuda et al., 2010; Namima et al., 2014) and exhibit responses that 
are closely correlated with color perception or color related behaviors (Koida & Komatsu, 
2007; Matsumora et al., 2008). In both humans and macaques, damage in the higher 
ventral area causes severe deficits in color perception, and it is thought that this area is 
responsible for color perception. 

 
Figure 2: Ventral visual pathway in macaque visual cortex. 
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3. NEURAL REPRESENTATION OF GLOSS 

In contrast to the accumulation of knowledge on the neural processing of 'color of light', 
far less is known about how 'color of object' is processed in the visual system. In the field 
of engineering and psychophysics, however, characterization of surface properties related 
to 'color of object' has made significant advancement in recent years. Especially, surface 
gloss has been extensively studied in terms of the directional specificity of surface 
reflection, and psychophysical studies have revealed the importance of the presence of the 
highlight and its spatial relationship with shadings (Beck & Prazdny, 1981; Kim & 
Anderson, 2010) as well as possible image features related to gloss perception (Nishida & 
Shinya, 1998; Motoyoshi et al., 2007). Based on these backgrounds, we have conducted a 
series of experiments to study neural representation of gloss in the visual cortex. We 
applied functional MRI (fMRI) to the macaque monkey, and recorded brain activities to 
object images with specular and matte surfaces. When we compared the responses to these 
images, it was found that stronger responses to the specular objects compared with the 
matte objects were observed in the visual areas along the ventral visual pathway (Okazawa 
et al., 2012). Especially, we found localized activities in restricted areas in the IT cortex 
including central part of the superior temporal sulcus (STS). Next, we conducted single 
neuron recordings from the region in the central STS, and examined the neural responses 
to object images with a variety of gloss. We found that neurons selectively responsive to 
specific range of gloss (gloss selective neurons) are accumulated in this region, and that as 
a population, these gloss selective neuron systematically represented a variety of gloss 
(Nishio et al., 2012). A previous study identified two sets of perceptual gloss parameters 
that form the dimensions of psychophysically uniform gloss space: contrast gloss (c) that 
corresponds to a non-linear combination of specular reflectance and diffuse reflectance and 
distinct-of-image gloss (d) that corresponds to the sharpness of highlight (Ferwerda et al., 
2001). We found that responses of the gloss selective neurons are closely related to the 
perceptual gloss parameters (c and d), and that population activities of gloss selective 
neurons can precisely estimate the perceptual gloss parameters of the stimuli (Nishio et al., 
2014). These results shed some light on how gloss is represented in the visual system.  

 
Figure 3: (A) Physical parameters related to gloss. (B) Responses of an example of gloss 
selective neuron (modified from Nishio et al. 2012). 
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4. CONCLUSIONS 

  Substantial knowledge has been accumulated on the neural representation of 'color of 
light'. Now, we are gradually learning about how gloss is represented in the visual system. 
We expect that by combining these knowledges, understanding on the representation of 
'color of object' will be advanced. At the same time, we need to consider about new 
problems. For example, how are the information on the color of light and that on the 
surface reflection integrated when we perceive the color of object? Futhermore, there are 
many optical properties other than gloss such as transparency and translucency that affects 
the appearance of object. At this moment, we know nothing about the neural representation 
of those optical properties. To fully understand the mechanisms on how we perceive color 
of objects, development of the research in material perception or 'Shitsukan' should play a 
key role (Fleming et al. 2015). 
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ABSTRACT 
Whereas, for colorimetric purpose, the three-dimensionality of colour cannot be 
circumvented and clearly refers to cone fundamentals, we examine situations where a 
reduced or expanded dimensionality could be experienced. Besides the case of individuals 
such as dichromats who suffer from a limited number of cone photopigments and enjoy 
two-dimensional colour vision, specific contexts or specific operations may require 
additional dimensions which could be supported by rod signals or melanopsin signals. 

1. INTRODUCTION 
Since the seminal hypothesis of Thomas Young and the studies from Maxwell and 
Helmholtz during the 19th century, it has been firmly established that colour is three-
dimensional. Physiological, psychophysical and genetic studies have confirmed the 19th

century statements so that standardization bodies, colour industry, image technology have 
developed tools and methods to improve numerous colour products. 
It is often claimed that the three dimensions of colour originate from the presence of three 
families of cones in the retina. Yet, the cone signals are processed within the retina and in 
the brain structures so that colour construction aims at identifying objects and materials in 
our surrounding. Colour vision starts with the capture of photons by the long-wave sensitive 
(LWS) cones, the middle-wave sensitive (MWS) cones and the short-wave sensitive (SWS) 
cones. At the second stage, retinal ganglion cells combine the cone signals into three 
channels: one achromatic channel, supported by the “magno-cellular” pathway where cone 
signals are added, and two chromatic channels, supported by the “parvo-cellular” and the 
“konyo-cellular” pathways where cone signals are opposed. Retinal signals are processed 
in the brain in various contrasting combinations, ultimately delivering highly tuned colour 
responses. 
Whereas the three-dimensionality of colour is consensually accepted it is of interest to 
examine situations where the colour dimensionality could be reduced or expanded. 

2. THE THREE-DIMENSIONAL CIE COLOUR SPACE 

2.1 The cone fundamentals 
The three colour dimensions hypothesis has been validated by Psychophysics much earlier 
than Physiology and Genetics has isolated cone families and sequenced the genetic code of 
cone pigments (Nathans et al., 1986).  
As early as 1886, König and Dieterici were able to determine accurate spectral sensitivity 
of the fundamental sensations. By asking colour normal observers and dichromatic 
observers to perform colour-matches, they were able to derive spectral sensitivity curves 
of the fundamental sensations that conform the most recent proposals (Stockman and 
Sharpe, 2000).  
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CIE technical committee 1-36 was established for proposing chromaticity diagrams based 
on the best set of colour-matching functions and cone fundamentals available nowadays. 
Cone fundamentals are based on Stiles and Burch (1959) experimental colour matches and 
validated by Physiology. A physiologically designed MacLeod-Boynton chromaticity 
diagram (MacLeod and Boynton, 1979) is proposed as well as a cone-fundamental-based 
(xF, yF) chromaticity diagram. All data are now fixed (CIE, 2006; CIE, in press; Viénot and 
Walraven, 2007). Specifying colour in the LMS space will offer novel opportunities to 
solve problems of colour measurement and colour perception in everyday life and industry. 
In the future, refinements, such as colour vision variability due to photopigment 
polymorphism, would not weaken the three-dimensionality hypothesis. It would secure the 
hypothesis. 

2.2 Metamerism 
Comparison between the richness of the spectral information available in the Physics 
domain and the reduced number of signals generated at the entrance of the visual system 
has led colour scientists to investigate at length the metamerism phenomenon.  
In colorimetry, the basic experiment is a colour match between two metameric stimuli. 
Practically, colorimetry reduces the stimulus to a unique three component object. Indeed, 
the visual system is unable to finely analyse the spectral content of the stimulus. In the 
three-dimensional colour space, metamerism is just concealed.  
Nevertheless the volume of ignored parts of the stimulus is amazing as illustrated by Kelly 
and Wyszecki (See figure 2(3.8.4) in Wyszecki and Stiles, 1982). It leaves room to 
numerous spectral power distributions with some remarkable properties. 

3. SMALL DIMENSIONALITY COLOUR WORLDS 

3.1 One or two photoreceptors (individual dimensionality) 

3.1.1 Achromatopsia 
Cases of one-dimensional colour vision are rare. Achromatopsia is a very rare case of 
inherited total colour blindness, mainly including blue-cone monochromacy with a relative 
occurrence of 1:100,000 diagnosed cases (Sharpe et al., 1999). 
Achromatopsia cases with total loss of all three cone opsin genes have been well 
documented by Nordby (he is an achromat) and Sharpe who examined the society from 
Guam, an island in Micronesia, known from Oliver Sacks’ book entitled “The Island of the 
Colorblind” (1997), where about 10% of the population suffers from inherited 
achromatopsia.  

3.1.2 Dichromatism 
Conversely, two-dimensional colour vision is common among mammals, apart from 
primates. In humans, dichromacy is well characterized. About 2% of the male population 
is dichromatic. Dichromacy is of genetic origin. Dichromats lack one family of cone 
pigments. It has been verified since 1986 by Nathans and colleagues that dichromats lack 
the corresponding gene sequence.  
During the 20th century, dichromatic colour vision has been well documented, showing 
dichromatic Rayleigh matches. Hue discrimination is impaired around 590 nm for 
protanopes and deuteranopes, or around 490 nm for tritanopes. Colour appearance is 
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distorted. After a few reports from diagnosed unilateral dichromats, Judd (1948), Meyer 
and Greenberg (1988) and our group (Viénot et al., 1995; Brettel et al., 1997) have 
illustrated for the colour normal observer the colour appearance for dichromats. 
The colour-blindness simulation is two-step.  
In the LMS colour space, it is easy to find the colours that are confused by a dichromat. 
They lie on a line parallel to the axis corresponding to the missing fundamental. Our 
simulation was produced on a video-display, Cathode-Ray-Tube type, in which we could 
control the intensity of the three primaries. Yet, on a CRT, the definition of the stimulus is 
three-dimensional and linearly related to cone excitations.  
Then we had to render a plausible appearance of the image. Reproducing how an image 
appears to dichromats was challenging. Given that a dichromat confuses a given red and a 
given green, how would these confused colours be perceived, and how should they be 
represented? Should the representation be red? Or green? Or yellow? 

Appearance for a protanope→

Appearance for a deuteranope→

Figure 1. Simulation, for the normal eye, of the appearance of a flower bed for the 
dichromat (Viénot et al., 1995). 

In his pioneer study, Judd had carefully reviewed the literature about unilateral colour 
defects which shows that for protanopic and deuteranopic observers, the colour perception 
of the spectrum is confined to two hues, yellow and blue. Judd’s choice has been to represent, 
for a normal colour observer, all corresponding colours that are confused by dichromats by 
a unique sample of hue 5PB or hue 5Y of the Munsell Book of Colors. Precisely, Judd has 
given quantitative estimates of the colour perceptions typical of protanopic and deuteranopic 
observers for the whole range of Munsell colours. The same choice was retained by Meyer 
and Greenberg in a computer graphics simulation of dichromatic vision, prior to ours. 
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of the spectrum is confined to two hues, yellow and blue. Judd’s choice has been to represent, 
for a normal colour observer, all corresponding colours that are confused by dichromats by 
a unique sample of hue 5PB or hue 5Y of the Munsell Book of Colors. Precisely, Judd has 
given quantitative estimates of the colour perceptions typical of protanopic and deuteranopic 
observers for the whole range of Munsell colours. The same choice was retained by Meyer 
and Greenberg in a computer graphics simulation of dichromatic vision, prior to ours. 

Our choice has been to maintain the normal colour appearance of white and greys and the 
same two hues of the stimuli at 475 nm and at 575 nm for protanopes, deuteranopes and 
normal trichromats. Finally, a photograph from a flower bed, at the Jardin des Plantes in 
Paris, has served to illustrate the simulation (Figure 1).  
Now softwares have been written by many groups, some of them being available online. 
Figure 2 shows, for a trichromat, how the AIC 2015 logo (1st line) appears for a protanope 
(2nd line) and a deuteranope (3rd line). 

Figure 2. Colour-blind simulation of the AIC 2015 logo. 

3.2 Specificity of the luminance information (operational dimensionality) 
The visual system network distinguishes between chromatic and achromatic pieces of 
information, the latter being prominent. Practically, the most efficient visual signals in nature 
which help the individual to localize targets and to move in the environment are based on 
luminance contrast.  
Although the normal individual colour vision is trichromatic, behavioural responses to 
situations implicating resolution of high spatial and temporal frequencies depend principally 
on an achromatic mechanism with a spectral sensitivity much like V( ). Provided that the 
detection of high spatial frequencies or high temporal modulations depends on luminance 
contrast only, the chromaticity of the stimulus does not modify visual performance. 
Psychological evidence is obtained using the techniques of heterochromatic flicker 
photometry or minimally distinct border, among others. Thus, the high frequency spatial 
colour vision reduces to one dimension. 
Lennie et al. (1993) recognize that the nature of underlying post-receptoral mechanisms is 
equivocal. Either LWS and MWS cone signals are directly summed into the magno-cellular 
pathway, or they are indistinctly processed so as issuing an additive signal. 

3.3 The colour of illumination (contextual dimensionality) 
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Colour specification is well controlled by lighting engineers. With the emergence of solid-
state technologies, much care is taken to correctly assess the colour of light. Indeed, for 
humans, the reference to qualify white light is natural daylight that needs only two variables 
to be qualified: the illuminance at earth level and the colour temperature.  
Having measured the spectral power distribution (SPD) of real daylights, Judd and co-
authors (1964) concluded, however, that distributions could be satisfactorily reconstituted 
by using only the first two principal components derived from principal component analysis 
(PCA). Later, Hernández-Andrés and colleagues (2001) concluded that more than two 
characteristic vectors were needed for good reconstruction. Even though they observed some 
departure of clear-sky colour from the CIE daylight locus, the chromaticities they measured 
are pretty much aligned along a unique curve. 
Given the shape of the daylight locus and the dominance of the first two principal 
components in the analysis of daylight distribution, the question arises whether the three-
dimensional colour specification that is used to specify the colour of material items is the 
one that should be used to scale illumination. We will see later in this paper that a specific 
visual channel is excited by light which might imply that the dimensions of the colour 
illumination world are only two. 

4. EXPANDED DIMENSIONALITY COLOUR WORLDS 

4.1 Additional photopigments (individual dimensionality) 
Whereas the colour image domain exploits at best the three dimensions of colour, the 
questions arises whether the colour vision of the observer who looks at images could be more 
than three-dimensional. 

4.1.1 Tetrachromatic mothers 
Anomalous trichromats possess three cone pigment families. Nevertheless, one pigment 
family differs from the normal’s cone pigment. Men inherit the LWS and the MWS pigment 
genes from their mother. The likelihood that behavioural tetrachromacy exists in carriers of 
anomalous trichromacy was addressed by Jordan (Jordan et al., 2010). Although most 
carriers of colour anomaly do not exhibit four-dimensional colour vision, Jordan and 
colleagues found 1 of 24 female carriers who exhibited tetrachromatic behavior on a colour 
matching test (Rayleigh matches). Genetic analysis showed that this mother had three well-
separated cone photopigments in the longwave spectral region in addition to her short-wave 
cone which makes the sum of cone families equal to four. Nevertheless, it may be noted that 
this human observer has been just able to express trichromacy in a task where the canonical 
normal colour observer expresses dichromacy. 

4.1.2 Fish and birds tetrachromatic vision  
Fish and birds possess four families of cones. Although narrower tuning of the cone 
sensitivity might impair differential sensitivity, behavioural tests show that birds and fish 
enjoy tetrachromatic colour vision (Kelber and Osorio, 2010). 

4.2 Additional receptors: rods and melanopsin (operational dimensionality) 
Besides extra cone pigments, there are two photopigment families other than cone pigments, 
and with a different spectral sensitivity, which could be candidate to increase the 
dimensionality of colour vision.  

AIC2015 TOKYO - Color and Image
44



Colour specification is well controlled by lighting engineers. With the emergence of solid-
state technologies, much care is taken to correctly assess the colour of light. Indeed, for 
humans, the reference to qualify white light is natural daylight that needs only two variables 
to be qualified: the illuminance at earth level and the colour temperature.  
Having measured the spectral power distribution (SPD) of real daylights, Judd and co-
authors (1964) concluded, however, that distributions could be satisfactorily reconstituted 
by using only the first two principal components derived from principal component analysis 
(PCA). Later, Hernández-Andrés and colleagues (2001) concluded that more than two 
characteristic vectors were needed for good reconstruction. Even though they observed some 
departure of clear-sky colour from the CIE daylight locus, the chromaticities they measured 
are pretty much aligned along a unique curve. 
Given the shape of the daylight locus and the dominance of the first two principal 
components in the analysis of daylight distribution, the question arises whether the three-
dimensional colour specification that is used to specify the colour of material items is the 
one that should be used to scale illumination. We will see later in this paper that a specific 
visual channel is excited by light which might imply that the dimensions of the colour 
illumination world are only two. 

4. EXPANDED DIMENSIONALITY COLOUR WORLDS 

4.1 Additional photopigments (individual dimensionality) 
Whereas the colour image domain exploits at best the three dimensions of colour, the 
questions arises whether the colour vision of the observer who looks at images could be more 
than three-dimensional. 

4.1.1 Tetrachromatic mothers 
Anomalous trichromats possess three cone pigment families. Nevertheless, one pigment 
family differs from the normal’s cone pigment. Men inherit the LWS and the MWS pigment 
genes from their mother. The likelihood that behavioural tetrachromacy exists in carriers of 
anomalous trichromacy was addressed by Jordan (Jordan et al., 2010). Although most 
carriers of colour anomaly do not exhibit four-dimensional colour vision, Jordan and 
colleagues found 1 of 24 female carriers who exhibited tetrachromatic behavior on a colour 
matching test (Rayleigh matches). Genetic analysis showed that this mother had three well-
separated cone photopigments in the longwave spectral region in addition to her short-wave 
cone which makes the sum of cone families equal to four. Nevertheless, it may be noted that 
this human observer has been just able to express trichromacy in a task where the canonical 
normal colour observer expresses dichromacy. 

4.1.2 Fish and birds tetrachromatic vision  
Fish and birds possess four families of cones. Although narrower tuning of the cone 
sensitivity might impair differential sensitivity, behavioural tests show that birds and fish 
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Besides extra cone pigments, there are two photopigment families other than cone pigments, 
and with a different spectral sensitivity, which could be candidate to increase the 
dimensionality of colour vision.  

4.2.1 Rod contribution 
Rods, the spectral absorption of which, measured in the corneal plane, peaks at 507 nm, are 
active at mesopic levels.  
Clarke (1973) and Trezona (1973) in early AIC conferences, demonstrated how to achieve 
a tetrachromatic colour match that holds at photopic and scotopic levels. To match every 
monochromatic radiation, they needed four primary matching stimuli of which they used 
one or another set of three. A unique match could be reached by iterative convergence. While 
the unique answer is recorded on the basis of the known colour sensations, this procedure 
ensures physiological identity of quantum absorption in four receptor responses. 

4.2.2 Melanopsin interaction 
During the past decade, it has been discovered that a few retinal ganglion cells contain a 
photopigment named melanopsin which can absorb photons before they reach the cone and 
rod layers. The melanopsin spectral sensitivity peaks at about 490 nm (estimated at the 
entrance of the eye), between SWS cones and rods’ peak sensitivity. The so-called 
intrinsically photosensitive retinal ganglion cells (ipRGC) are stimulated at high mesopic 
and photopic illuminance levels (Dacey et al., 2005). 

Figure 3. Cone, rod and ipRGC spectral sensitivities. 

Using pharmacological tracers in the monkey brain, it has been shown that ipRGCs project 
to cortical and sub-cortical areas of the brain (Dacey et al., 2005; Hannibal et al., 2014). 
They convey information that is not principally devoted to image formation but mediate 
other visual functions such as the circadian rhythm and the pupillary reflex, and influence 
awareness and mood (Lucas et al. 2014).  

The effect of the spectrum on non-image forming fonctions.  

As pupil aperture is easy to record in real situations, we conducted experiments to test 
whether it was possible to drive the pupil response in accordance with the excitation of rods 
and ipRGCs (Viénot et al., 2012). Our experiments rest on the fact that metamers could 
differently address rods and ipRGCs. To investigate this question, at least 5 independent 
primaries are necessary. In a multi-LED light booth equipped with 7 types of colour LEDs, 
we could modulate the light spectrum, maintaining the white illumination at the same 
luminous level and the same CCT. Thus, the LEDs were driven so as to obtain metameric 
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white lights that would excite rods and ipRGCs at most or at least (Figure 4). We 
continuously photographed the pupil of the observers under each 7 colour LED illumination 
to measure the pupil diameter. 

Figure 4. Two metameric white lights that would excite rods and ipRGCs at most or at 
least (Viénot et al., 2012). 

Indeed, we verified that, with metameric white lights that generate identical signals in cones, 
the pupil diameter varies depending upon the spectral content of the light, which indicates 
that the light spectrum has an effect on visual functions, besides consciously seeing colours.  

For domestic lighting, we draw attention to the possibility that driving the pupil reflex and 
possibly other non-image forming visual functions using unnatural spectrum would generate 
an uncomfortable behaviour. 

Whether melanopsin interacts with cone colour vision is still unsolved. Brown et al. (2012) 
have hypothesized that ipRGCs may contribute to distinguishing brightness. Horiguchi et al. 
(2013) collected detection (difference) thresholds to many stimuli, using four-primary 
stimuli. Trichromatic theory explains foveal sensitivity, with no need to invoke a fourth 
photopigment. At high photopic levels where rods are not active, a fourth photopigment is 
required to explain peripheral sensitivity.  

4.3 Four pigments and colour constancy (operational dimensionality) 
Colour constancy is a visual phenomenon which we encounter every day. The perceived 
colours of reflecting surfaces remain satisfactorily stable despite changes in the spectrum of 
the illuminating light.  

Where discounting for the illuminant change originates from is not understood yet. Simple 
models rely on the von Kries coefficient laws and state that the global change of illumination 
can be extracted from proportional changes of the cone excitations triggered by the reflecting 
surfaces in the scene. The gain change could operate within the retina. 
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colours of reflecting surfaces remain satisfactorily stable despite changes in the spectrum of 
the illuminating light.  

Where discounting for the illuminant change originates from is not understood yet. Simple 
models rely on the von Kries coefficient laws and state that the global change of illumination 
can be extracted from proportional changes of the cone excitations triggered by the reflecting 
surfaces in the scene. The gain change could operate within the retina. 

However modern scientists question the complexity of colour constancy. They argue that the 
visual system makes a distinction between the estimation of the illuminant and the changes 
of surface reflectances.  
Foster and colleagues (Craven and Foster, 1992; Foster, 2011) settle experiments where they 
introduced changes in illuminant colour and/or changes of material colour properties. They 
showed that subjects had been capable of correctly discriminating the two situations. They 
concluded that the visual system is provided with information about a changing world in 
“advance of the generation of a more elaborate and stable perceptual representation”. 
Hyperspectral images of natural scenes have revealed the occurrence of metamers in nature 
which indirectly means that the natural world is higher dimensional that the CIE colorimetry 
world (Foster et al., 2006). Of interest is the recent analysis of Barrionuevo and Cao (2014) 
who showed that the natural object spectra are not only discriminable by cones but that part 
of the spectral information can be decoded by melanopsin. Principal component analyses 
conducted on the excitations of rhodopsin, cone opsins, and melanopsin for natural 
hyperspectral images revealed that the sum of all responses (“L M S R I”, with “I” for 
ipRGC) may contribute to the magno-cellular pathway and respond to irradiance levels. The 
PCA further suggests that rod and ipRGC signals also may contribute to post-receptoral 
pathway components that oppose LWS and MWS cone, with various combinations. 
The putative role of a fourth photopigment to disambiguate the colour material factor from 
the colour illumination factor has been addressed in the context of colour constancy. In the 
future, investigation of the role of melanopsin signals might bring renewed knowledge about 
colour constancy as well as to the concept of colour temperature. 

4.4 The generalized metameric approach. Metamers in the four- or five-dimensional 
framework 
In the context of the three cones space, metameric colour stimuli have different spectral 
power distributions, but they excite the three families of cones similarly. 
Investigation of the metamer domain has been facilitated using the concept of “metameric 
blacks” introduced by Gunter Wyszecki in 1953. (A simple example might be: given two 
real metameric stimuli, a metameric black is obtained by subtracting the SPD of one stimulus 
from the other.) Wyszecki presented the view that the spectral power distribution of 
metamers consists of two component spectral distributions: the fundamental distribution, 
named “fundamental metamer”, that controls the three cone responses (and consequently the 
colour specification of the stimulus) and a secondary distribution that has no effect on cones, 
which he named a “metameric black”. Cohen and Kappauf, in 1982, presented a procedure 
for accomplishing the decomposition of any visual stimulus into the fundamental metamer 
and the black component. 
Adding a metameric black to a fundamental metamer has no effect on cone responses. 
However adding a metameric black to the fundamental metamer may well modify the 
responses of the rods and of the melanopsin cells. In order to investigate the domain of 
metamers in a space of higher dimensionality than the cone fundamentals’, it is possible to 
extend Cohen and Kappauf’s procedure for producing SPDs that excite or do not excite 
identified photoreceptors. Let us note that two metamers for a dichromat may not be 
metameric for the trichromat, two metamers for a trichromat may not be metameric for a 
four receptor visual system, two metamers for a four receptor system may not be metameric 
for a five receptor system, etc  
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Figure 5. Metamers of daylight at 5100 K 

Figure 5 shows examples of metamers of daylight at 5100 K for a variety of dimensionality 
of the visual receptor system. On the first line, the graphs show metamers for the deuteranope 
who lacks MWS photopigment. On the second line, the graphs show metamers for the 
normal trichromat. On the third line, the graphs show metamers that match for the three cone 
types as well as for rods and melanopsin cells. The left column presents the SPD of natural 
daylight at 5100 K and its fundamental metamer. In a previous paper, we already mentioned 
that, in the three-dimensional colour space, the fundamental metamer distribution resembles 
the SPD of modern light-emitting diodes. Thus while LED lighting mimics the colour of 
natural light it does not suit rod and melanopsin cells natural excitation. The right column 
presents two arbitrary chosen metamers with markedly different spectral power distribution. 
It can be seen that, as the dimensionality of the receptor system increases, the number of 
crossings of the two metameric stimulus functions increases. Note also that Metamer 1 and 
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Figure 5. Metamers of daylight at 5100 K 

Figure 5 shows examples of metamers of daylight at 5100 K for a variety of dimensionality 
of the visual receptor system. On the first line, the graphs show metamers for the deuteranope 
who lacks MWS photopigment. On the second line, the graphs show metamers for the 
normal trichromat. On the third line, the graphs show metamers that match for the three cone 
types as well as for rods and melanopsin cells. The left column presents the SPD of natural 
daylight at 5100 K and its fundamental metamer. In a previous paper, we already mentioned 
that, in the three-dimensional colour space, the fundamental metamer distribution resembles 
the SPD of modern light-emitting diodes. Thus while LED lighting mimics the colour of 
natural light it does not suit rod and melanopsin cells natural excitation. The right column 
presents two arbitrary chosen metamers with markedly different spectral power distribution. 
It can be seen that, as the dimensionality of the receptor system increases, the number of 
crossings of the two metameric stimulus functions increases. Note also that Metamer 1 and 
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Metamer 2 designed for the deuteranope would appear reddish and greenish to a colour 
normal observer.  

4.5 The necessity of categorisation (contextual dimensionality) 
Whereas receptor-level colour coding ensures continuous capture of the available 
information about the environment, we tend to group into categories the colour we perceive. 
It is not clear whether categorization can be included in a dimensionality framework, for 
dividing the information into a small number of well-defined regions of the colour space 
tears the continuous dimensions of colour and introduces irregularities in the colour space 
(Jameson, 2005). Further, language, as a normative process of colour space segmentation, 
influences the way colour samples are grouped based on their perceptual similarities 
(Bonnardel, 2013).   
What is accepted is that color categorization helps us to reliably and quickly identify objects 
and materials within a scene. It is an essential perceptual phenomenon. 

CONCLUSION 
On the one hand, stating that colour vision is three-dimensional strictly applies to the cone 
fundamental space. It has helped the CIE to found standard colorimetry and recently to 
revisit the cone fundamental space (CIE, 2006). 
On the other hand, the dimensionality of colour vision may vary depending on the individual, 
the task and the context. It is a challenge for the future to establish relationships between one 
or another colour space and to find the best way to define the colour of the world. 
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How Multi-Illuminant Scenes Affect Automatic Colour Balancing
Liwen XU and Brian FUNT

School of Computing Science, Simon Fraser University
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How Multi-Illuminant Scenes Affect Automatic Colour 
Balancing 

Liwen XU, Brian FUNT 
School of Computing Science, Simon Fraser University 

ABSTRACT 
Many illumination-estimation methods are based on the assumption that the imaged scene 
is lit by a single source of illumination; however, this assumption is often violated in 
practice.  We investigate the effect this has on a suite of illumination-estimation methods 
by manually sorting the Gehler et al. ColorChecker set of 568 images into the 310 of them 
that are approximately single-illuminant and the 258 that are clearly multiple-illuminant 
and comparing the performance of the various methods on the two sets. The Grayworld, 
Spatio-Spectral-Statistics and Thin-Plate-Spline methods are relatively unaffected, but the 
other methods are all affected to varying degrees. 

Keywords 
Colour balancing, illumination estimation, digital photography. 

INTRODUCTION 
The usual first step in automatic colour balancing of digital imagery is to estimate the 
chromaticity of the illumination. Although there are some recent exceptions (Beigpour 
2014; Gijsenij 2012; Joze 2013), most illumination-estimation methods assume that the 
relative spectral power distribution of the illumination is constant throughout the scene. 
However, many scenes contain multiple illuminants with differing SPDs, and we 
investigate the effect this has on automatic colour balancing.  

Somewhat surprisingly, the Gehler et al. (Gehler 2008) “Colorchecker” data set of 568 
images, which is widely used in evaluating competing illumination-estimation methods, 
contains many images of multiple-illuminant scenes. For example, Figure 1 depicts an 
indoor scene that also includes a window through which daylight is clearly falling on the 
counter. Is the scene illuminant the light from inside the room or outside the window?  
Figure 2 shows an outdoor scene with at least three illuminant types: the cloudy sky, the 
shadowed areas, and the traffic light.  

Each image in the Colorchecker dataset contains an Xrite/Macbeth ColorChecker, 
which is used to provide a ground-truth measure of the illumination’s ‘colour’. However, 
since many of the scenes do contain multiple illuminants, a single such measurement 
cannot possibly represent the colour of all the illuminants correctly, but rather must 
represent some sort of compromise. Whether the illumination-estimation method assumes 
there is a single illuminant or multiple illuminants, a single colorchecker cannot correctly 
represent the ground-truth illumination in a multi-illuminant scene. In this paper, we 
investigate how much of an effect this has on a representative set of 
illumination-estimation methods; namely, MaxRGB (Funt 2012), Grayworld (Weijer 
2007), Shades-of-Gray (Finlayson 2004), Edge-based (Weijer 2007), N-jet (Gijsenij 2010) , 
Thin-Plate-Spline (Shi 2011) and Spatio-Spectral Statistics (Chakrabarti 2012).  
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Figure 2 shows an outdoor scene with at least three illuminant types: the cloudy sky, the 
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Each image in the Colorchecker dataset contains an Xrite/Macbeth ColorChecker, 
which is used to provide a ground-truth measure of the illumination’s ‘colour’. However, 
since many of the scenes do contain multiple illuminants, a single such measurement 
cannot possibly represent the colour of all the illuminants correctly, but rather must 
represent some sort of compromise. Whether the illumination-estimation method assumes 
there is a single illuminant or multiple illuminants, a single colorchecker cannot correctly 
represent the ground-truth illumination in a multi-illuminant scene. In this paper, we 
investigate how much of an effect this has on a representative set of 
illumination-estimation methods; namely, MaxRGB (Funt 2012), Grayworld (Weijer 
2007), Shades-of-Gray (Finlayson 2004), Edge-based (Weijer 2007), N-jet (Gijsenij 2010) , 
Thin-Plate-Spline (Shi 2011) and Spatio-Spectral Statistics (Chakrabarti 2012).  

 

SCENE CLASSIFICATION 

The Gehler et al. dataset (Gehler 2008) contains 568 images taken with two digital single 
lens reflex cameras, a Canon 5D and a Canon 1D. All images were saved in Canon RAW 
format. Each image contains an Xrite/Macbeth ColorChecker for reference. The image 
coordinates (measured by hand) of each Colorchecker square are provided with the dataset. 
In the tests below, we used the Shi et al. (Shi 2011) reprocessed version of the Gehler et al. 
data. The original dataset consists of non-linear TIFF images that were automatically 
generated from the RAW data. The reprocessed dataset contains PNG images that are 
linear and do not include any automatic white balancing or de-mosaicing. 

We manually sorted the original 568 images into two groups according to whether the 
images were of single-illuminant or multiple-illuminant scenes. Sorting in this way is 
difficult because it can be hard to discern the nature of the scene illumination from the 
image. Figure 1 shows a typical case where the presence of multiple sources of 
illumination is very clear. Similarly, the traffic light in Figure 2 is an obvious additional 
illuminant. Figure 3 shows a situation in which it seems pretty clear that there is only a 
single illuminant. Figure 4 shows a somewhat ambiguous case, since there are areas in 
direct sun and others in shadow. The Colorchecker itself appears to be partly in sun and 
partly in shadow. There are also the clouds in the distance. However, this appears to be a 
typical outdoor scene basically dominated by sunlight/skylight and so we classified it as a 
single-illuminant scene. If we were to be any more strict in our interpretation of what 
constitutes a single-illuminant scene then almost the entire dataset would be classified as 
multiple-illuminant. Based on this type of analysis of each image, the 568 dataset is 
divided into 310 single-illuminant and 258 multiple-illuminant scenes. We denote the two 
images subsets as S (single) and M (multiple), and the full set of 568 images as F. The 
complete lists of image numbers for sets S and M are listed in the Appendix. 

  

               
Figure 1 Example of a multiple-illuminant 

scene with light coming both from the 
room and window.                            

                                

Figure 2 Example of a multiple-illuminant 
scene containing a visible light source.
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Figure 3 Example of a clearly 

single-illuminant scene. 
  
                                                                                                         

Figure 4 Example of a somewhat 
ambiguous scene with sunlight and shadow 

but classified as single-illuminant 
nonetheless.

COMPARATIVE PERFORMANCE ON SINGLE-VERSUS 
MULTIPLE-ILLUMIANT SCENES  

We evaluate the illumination-estimation performance of all the methods separately on 
subset S, subset M, and the complete set F. The illumination-estimation methods are 
MaxRGB (Funt 2012), Gray-World (Weijer 2007), Shades of Gray (Finlayson 2004), Edge 
Based (Weijer 2007), N-jet (Gijsenij 2010), TPS (Shi 2011) and Spatio-Spectral Statistics 
(Chakrabarti 2012). The image pixels occupied by the Colorchecker in each image areas 
are replaced with zeros for the tests. These methods all estimate the rg-chromaticity of the 
illumination. The error in a given estimate is measured relative to the measured 
ground-truth illumination chromaticity. The error is evaluated in terms of the angular 
difference in degrees between the two chromaticities after each chromaticity is converted 
to a 3-vector as (r, g, 1-r-g). The overall accuracy across a given test set of images is 
reported in terms of the mean, median, RMS and maximum errors.  
 
Table 1: Comparative illumination-estimation performance evaluated in terms of angular 
error. MaxP (MaxRGB w/o preprocessing), MaxM (MaxRGB after median filtering, GW 

(Grayworld), EB (Edge-Based, first and second order), 1-jet (Gamut mapping), 2-jet 
(Gamut mapping), SSS-ML (Spatio-Spectral Statistics with maximum likelihood, SSS-GP 

(Spatio-Spectral Statistics with general prior). Md (Median), Mn (Mean). 
        Set S     Set M Complete Dataset 
 Md Mn RMS Max Md Mn RMS Max Md Mn RMS Max 
MaxP 4.6 7.3 9.9 27 16 14 16 50 9.1 10 13 50 
MaxM 3.1 5.3 7.8 26 8.8 10 13 42 4.7 7.7 11 42 
GW 4.0 5.5 7.3 25 3.3 3.8 4.7 15 3.6 4.8 6.2 25 
SoG 
(norm=6)  

2.9 4.8 6.8 23 7.4 8.4 10 36 4.5 6.4 8.7 36 

EB1 
(norm=6) 

2.6 4.6 6.8 26 7.2 9.0 12 38 3.8 6.6 9.4 38 

EB1 
(norm=1) 

3.8 4.7 5.6 17 3.4 4.1 4.9 16 3.6 4.4 5.3 17 

EB2 2.7 5.0 7.2 28 8.9 9.9 13 47 4.4 7.2 10 47 
1-jet 3-fold 2.8 4.4 6.2 24 6.0 7.7 9.9 32 4.1 5.9 8.1 32 
2-jet 3-fold 2.9 4.3 6.1 21 5.9 7.7 9.8 32 4.2 5.9 8.0 32 
TPS 3-fold 2.6 3.5 4.5 17 3.0 3.6 4.5 15 2.7 3.5 4.5 17 
SSS-ML 2.9 3.7 4.8 22 3.1 3.7 4.5 15 3.0 3.7 4.7 22 
SSS-GP 2.9 3.6 4.7 22 3.0 3.6 4.4 15 3.0 3.6 4.6 22 
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The MaxRGB tests include MaxRGB without preprocessing and MaxRGB with median 
filtering MaxM (Funt 2012). The N-jet algorithms are tested using threefold 
cross-validation. Because the images are from two different cameras and the training is 
specific to each camera, we train and test on the images from each camera separately and 
then combine the results. TPS is also evaluated using threefold cross-validation.  

DISCUSSION 

The results in Table 1 show that the effect of multiple scene illuminants on 
illumination-estimation performance varies substantially across the various methods. 
MaxRGB is strongly influenced by the presence of multiple illuminants.  Whether 
MaxRGB includes image preprocessing or not, the presence of multiple illuminants 
seriously influences the results. As Table 1 shows, the error is approximately tripled. For 
example, the median error for the MaxRGB variant MaxM rises from 3.1 to 8.8 degrees for 
the change from subset S to subset M. In other words, MaxRGB works very well when the 
single-illuminant assumption holds, but fails when it is violated. Since MaxRGB is based 
on estimating the maximum value in each of the R, G, B channels, it is particularly 
vulnerable to the presence of light sources such as the traffic light in Figure 2.  
 

Interestingly, Grayworld’s performance appears to be unaffected by the presence of 
multiple illuminants since the median angular error on sets S, M and F is 4.0, 3.3, and 3.6, 
respectively. Although its overall performance is poorer than several of the other methods, 
it has the advantage of being stable. The Shades of Gray approach is controlled by the 
choice of the Minkowski norm to vary between the extremes of Grayworld and MaxRGB.  
A norm of 6 has been reported to work well (Finlayson 2004). As a compromise between 
Grayworld and MaxRGB, however, its performance is then affected by the presence of 
multiple illuminants, with a median angular error of 2.9, 7.4 and 4.5, on sets S, M and F, 
respectively. 
 

Just as Shades of Gray is more sensitive to the presence of multiple illuminants than 
Grayworld, the Edge-Based method using norm = 6 is more sensitive than the Edge-Based 
method using norm = 1.  For the norm = 1 case, Edge-Based is simply averaging 
derivatives within each RGB channel instead of the RGB values themselves. With norm = 
6, the Edge-Based method weights the large derivatives, which are likely to arise from 
illumination boundaries in multiple-illuminant scenes, more heavily thus leading to a 
concomitant increase in angular error. The performance of the 1-jet and 2-jet Gamut 
Mapping methods also degrades when the single-illuminant assumption is violated. For 
1-jet, the median angular on S of 2.8 degrees increases to 6.0 degrees for M. Gamut 
mapping assumes that the gamut of RGBs and the gamuts of their derivatives are limited 
by the illuminant. In the presence of multiple illuminants these image gamuts expand such 
that the constraint used to estimate the illuminant is no longer as strong or accurate. 
 

The learning-based methods appear to account for the presence of multiple illuminants 
quite well. The performance of the Spatio-Spectral Statistics methods tends to be very 
good and quite unaffected by multiple illuminants. With median angular errors of 2.6 (set 
S), 3.0 (set M) and 2.7 (set F), the Thin-Plate Spline method (TPS) is both the least 
affected by multiple illuminants and also attains the minimum error of all the methods on 
each of the three datasets.  
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APPENDIX 
Image numbers of single-illuminant scenes: 1 2 3 4 7 10 11 12 14 17 18 19 21 23 27 32 33 
34 35 36 37 38 39 40 41 44 45 46 47 48 49 50 52 54 56 57 58 59 63 64 65 66 67 68 69 70 
71 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 99 100 101 102 103 
104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 121 122 126 127 128 
129 130 131 132 134 135 136 137 139 140 141 142 143 144 147 149 150 151 152 153 154 
155 156 157 158 159 160 161 162 163 164 165 166 168 169 170 171 172 173 174 176 177 
178 179 180 185 186 187 188 189 191 193 196 197 199 200 203 204 206 212 219 224 225 
226 227 228 229 230 232 233 234 235 248 249 250 251 253 254 255 256 257 258 259 260 
261 262 264 265 266 267 268 269 270 271 273 274 275 281 282 283 285 286 287 288 289 
291 292 293 295 298 299 300 301 302 303 304 305 306 307 308 309 310 342 343 344 353 
355 358 359 362 364 365 367 372 377 381 384 386 394 395 396 398 401 402 407 410 411 
414 416 417 418 419 420 422 423 424 425 427 428 429 430 431 432 433 434 436 437 439 
441 444 449 451 453 454 455 456 458 459 461 462 463 466 473 474 475 478 479 480 482 
484 487 489 490 491 493 494 496 500 502 503 504 516 522 528 530 536 537 538 541 543 
546 549 560 561 562 564 

 

Image numbers of multiple-illuminant scenes: 5 6 8 9 13 15 16 20 22 24 25 26 28 29 30 31 
42 43 51 53 55 60 61 62 72 73 74 75 97 98 120 123 124 125 133 138 145 146 148 167 175 
181 182 183 184 190 192 194 195 198 201 202 205 207 208 209 210 211 213 214 215 216 
217 218 220 221 222 223 231 236 237 238 239 240 241 242 243 244 245 246 247 252 263 
272 276 277 278 279 280 284 290 294 296 297 311 312 313 314 315 316 317 318 319 320 
321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 
345 346 347 348 349 350 351 352 354 356 357 360 361 363 366 368 369 370 371 373 374 
375 376 378 379 380 382 383 385 387 388 389 390 391 392 393 397 399 400 403 404 405 
406 408 409 412 413 415 421 426 435 438 440 442 443 445 446 447 448 450 452 457 460 
464 465 467 468 469 470 471 472 476 477 481 483 485 486 488 492 495 497 498 499 501 
505 506 507 508 509 510 511 512 513 514 515 517 518 519 520 521 523 524 525 526 527 
529 531 532 533 534 535 539 540 542 544 545 547 548 550 551 552 553 554 555 556 557 
558 559 563 565 566 567 568. 
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ABSTRACT
n a recent ication e ro ction ng ar rror  n m ro e  Per ormance etric or 

minant timation  riti  ac ine i ion on erence  it a  arg e  t at t e ang ar error 
i  a e  en it i  ie e  in concert it  o  t e i minant e timate i  e  mo t a a  e 

e t e i minant e timate to ma e an image re ro ction ere t e co o r ia  e to i mination 
i  remo e  or re ce  t a  o n t at en a ing e a gorit m a  e  to e timate t e ig t or 
a range of illuminants where identical reproductions were produced that the angular error could vary 

i e  e g  ea i  et een  an   egree  e e ro ction ang ar error intro ce  in t at a er 
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a proxy to our generalised metric to  assess the performance of illuminant estimation algorithms.

The Generalised Reproduction Error for Illuminant 
Estimation 

Graham FINLAYSON, Roshanak ZAKIZADEH
School of Computing Sciences, University of East Anglia, UK 

ABSTRACT 

In a recent publication “Reproduction Angular Error: An Improved Performance Metric for 
Illuminant Estimation”, British Machine Vision Conference (2014), it was argued that the 
commonly used Recovery angular error – the angle between the RGBs of the actual and 
estimated lights- is flawed when it is viewed in concert with how the illuminant estimate is 
used. Almost always, we use the illuminant estimate to make an image reproduction where 
the colour bias due to illumination is removed or reduced. It was shown that, when a single 
algorithm was used to estimate the light for a fixed scene viewed under a range of 
illuminants and where similar reproductions were produced when the estimate was 
‘divided out’, the recovery angular error would, counterintuitively, vary widely. The 
Reproduction angular error introduced in that paper remedies this flaw by measuring the 
angle between a true white patch and the white that is reproduced when an illuminant 
estimate is made. In this paper we generalize the reproduction error concept to consider 
how well a range of colours are reproduced. We show how an illuminant estimate can be
used to map the colours in a Macbeth colour checker for the actual illumination to 
reference lighting conditions. Then we evaluate the error of reproduction using the mean 
CIE Delta E. This new Generalised Reproduction error metric is used to compare the 
performance of a variety of different algorithms. Significantly, the rank-order of the 
reproduction angular error is quite similar to that established with the generalized 
reproduction error. Based on our experiments we propose that the simpler reproduction 
angular error can be used as a proxy to our generalised metric to assess the performance of 
illuminant estimation algorithms.

1. INTORODUCTION 
The colours in an image captured by a digital camera are affected by the illuminant under 
which the scene is captured. Unlike human visual system which is able to perceive the 
colours constant regardless of illumination, the sensors of a camera capture a colour signal 
which is confounded by the illumination. To make the colours pleasant and usable by 
many computer vision tasks, the illuminant of the scene is estimated by reasoning about 
the distribution of colours in the image. In a second step, the colour of the illuminant is 
divided out from the colours of the image thereby removing the colour bias due to the 
illumination. 

Illuminant estimation algorithms range from simple statistics-based methods to
algorithms that use more complex statistics to learning-based methods. The recovery error
which is the angle between the estimated and the ground-truth illuminant is commonly 
used to evaluate the performance of an illuminant estimation algorithm. The average (mean 
or median) recovery error, for a set of training set of images, is used as an index to 
compare and rank different algorithms. 
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an  t e mea re  ite oint t not t e a earance o  t e cene n er a gro n  tr t  
i minant  n o t a roac  e ir t o  o  to ma e a nt etic et o  ac et  co o r 
c ec er  or i erent i minant  or a no n camera  Secon  e o  o  to ma e 
reproductions o  t e ac et  co o r image  en t e i minant co o r i  i co nte  

ing t e i minant  e timate   i erent a gorit m  or t e a gorit m e timate  e e 
t e ata ro i e   i eni  et a  . Then these reproductions are compared with the 
act a  co o r  in a ac et  c ec er or t e re erence ig ting con ition  e  a   ∆𝐸𝐸
(Sharma et al. 2005) i  e  to mea re t e co o r i erence et een t e co o r  o  t e 
c ec er re ro ce   t e e timate  ig t  an  t o e n er re erence ig ting con ition   
the correct illuminant is estimated then a very small ∆𝐸𝐸 would result. Conversely, poor 
estimates result in large average ∆𝐸𝐸s.  

According to this new generalised reproduction error e can ran  t e er ormance o  
i erent a gorit m  r cia  e o  t at t e ran ing ro i e  i  a mo t t e ame a  

the recently introduced – and much simpler to calculate – reproduction angular error. This
paper further validates the usefulness of the reproduction angular error metric. 

2. BACKGROUND 
The most commonly used metric for evaluating illuminant estimation algorithm is the 
recovery angular error: 

𝑒𝑒𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =  𝑐𝑐𝑐𝑐𝑐𝑐−1(
𝐸𝐸𝑟𝑟𝑒𝑒𝑒𝑒. 𝐸𝐸𝑎𝑎𝑟𝑟𝑒𝑒

|𝐸𝐸𝑟𝑟𝑒𝑒𝑒𝑒||𝐸𝐸𝑎𝑎𝑟𝑟𝑒𝑒|
)                (1)

ic  i  t e ang e et een t e e timate   o  i minant 𝐸𝐸𝑎𝑎𝑟𝑟𝑒𝑒 and the ground-truth 
RGB illuminant 𝐸𝐸𝑟𝑟𝑒𝑒𝑒𝑒. Recently, this reco er  ang ar error a  o n to a e t e ro em 
of introducing a wide range of errors when a given algorithm estimates the illuminant for a
gi en cene in a on  a i a e   ie e  n er a i e range o  i minant  i  
e a io r i  ro ematic eca e when the different illuminant estimates are ‘divided out’ 
imi ar re ro ction  re t   t i  t e e re ro ce  image  t at are re ecti e  a e e  in 

otogra  or e  in com ter i ion  o o e t i  ro em  t e e ro ction ng ar 
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|𝐸𝐸𝑎𝑎𝑟𝑟𝑒𝑒 𝐸𝐸𝑟𝑟𝑒𝑒𝑒𝑒|
)                ( ) 

3. GENERALISED REPRODUCTION ERROR 
The Reproduction angular error assesses the performance of illuminant estimation 
a gorit m  accor ing to o  e  ite i  re ro ce  en t e co o r ia  e to 
illumination is removed. Here we wish to generalise this idea to consider how a range of 
colours are reproduced. r i ea is to provide a method for synthesising the RGB image of  
a ac et  co o r c ec er n er an act a  ig t an  t en e t e  e timate o  t e 
illuminant – ma e  an a gorit m – to correct the image colours (to remove the colour 

ia  e to i mination . i  correcte  ac et  c ec er i  t en com are  it  t e act a  
reproduction (when the true illuminant is used).  

n con tr cting o r mo e  we use the set of spectra for 24 ac et  co our c ec er 
patches and the 23 lights from the SFU dataset (Barnard et al. 2002). For camera 
sensitivity functions we use the Sony DXC-   (Barnard et al. 2002) t t e 
en iti itie  o  an  artic ar camera can e e  in t e ro em orm ation  ation  

teaches that the camera response ( ) whose spectral sensitivities are denoted  ( ) for 
the surface spectra ( ( )) and the illuminant spectra (𝐸𝐸( )) is calculated as: 

=  ( ) ( )𝐸𝐸( )                 ( ) 

or a  n merica  ca c ation  e a me t e i i e spectrum runs from 380 to  
Nanometres and we use a 4 Nanometres sampling interval. For each of the 23 lights we, 

ing  generate   e e  nt etic c ec er image  enca ate o r 
n er tan ing o  o  t e c ec er a ear  n er i erent ig t  e i  to genera i e this 

understanding so that we could, given the RGB of any target light, synthesise the 
a earance o  t e c ec er or an  i minant  enoting t e   or a ac et  
co o r c ec er a  M, we model M as a linear sum of three a i  ac et  co o r c ec er : 

1
                ( ) 

n ,  denotes a scalar weight and the o tima  a i  in a ea t-squares sense are 
found using Characteristic Vector Analysis (Maloney ) (in this case of the 23 
synthetic ac et  c ec er image  r cia  e o n  t e e t a i  mo e  o r ata 
extremely well with the actual and 3- a i  a ro imation eing i a  a mo t t e ame in 
appearance. 

We chose a 3- imen iona  inear mo e  eca e i mination i  e ine    n m er  
the RGB of the light or the RGB of the estimated light. Let us place the RGB for the white 
re ectance in t e ac et  c ec er or eac  a i  term  in the 3 columns o  a ca i ration 
matrix . Denoting an RGB of a light as 𝐸𝐸, the inear com ination o  t e columns of 

 defines the weights  e  in ation (4): 

= −1𝐸𝐸                  ( ) 
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n , the illuminant vector  co  e the act a  ig t or t e e timate ma e  an 
algorithm. Figure 1a shows one input image and four nt etic c ec er . The image is 
from the SFU (Barnard et al. 2002  ata a e  or this scene a white patch was also 
measured. Algorithms such as pixel- a e  gamut mapping will attempt to infer an estimate 

ic  i ea  i  e c o e to t e mea re  ig t   

With the measured and actual RGBs of the light in hand, we generated from our linear 
model (4) and using (5) to find our model coefficient t e a earance o  t e act a  c ec er 
(Fig. 1 ) an  t e one t at i e  a e  gam t mapping infers (Fig. 1c)  e t ir  c ec er i  
the correct answer (Fig. 1d). The white patch is equal to [1,1,1]. All 3 images are scaled so 
t at t e rig te t i e  a e acro  a  t e co o r c anne  i   and a gamma of .5 is 
applied. 

       
 

    
  

Figure 1: (a) Image from SFU dataset, (b) Synthetic colour checker under the ground truth 
light under which Fig. 1a was taken, (c) Synthetic colour checker under the estimation of 
the same ground truth light made by pixel-based gamut mapping algorithm, (d) Synthetic 
colour checker under the reference light and (e) Corrected colour checker by pixel-based 
gamut mapping algorithm. 

So far, we have focussed on explaining how we synthesise t e co o r  o  t e ac et  
co o r c ec er or a target ig t  t  e timate  ee  to mo e  t e a earance o  a 
c ec er n er an act a  ig t en it i  correcte  to t e re erence c ec er fig. 1d) using 
the wrong illuminant estimate.  

enoting  re ecti e  t e c ec er n er t e re erence ite ig t  t e act a  co o re  
light and the estimated coloured light as 𝑟𝑟𝑟𝑟 𝑎𝑎𝑟𝑟𝑒𝑒and 𝑟𝑟𝑒𝑒𝑒𝑒, the estimated reproduction, 

𝑟𝑟𝑟𝑟 , is calculated as: 
𝑟𝑟𝑟𝑟 = 𝑎𝑎𝑟𝑟𝑒𝑒            = 𝑟𝑟𝑒𝑒𝑒𝑒 𝑟𝑟𝑟𝑟        ( ) 

n  𝑟𝑟𝑒𝑒𝑒𝑒  denotes the Moore-Penrose inverse. That is, T is the least-squares fit 
rom t e c ec er ie e  n er t e e timate  ig t to t e re erence ig ting con ition  i  

 matri   i  t en a ie  to t e c ec er n er t e act a  ig t   

The Generalised Reproduction Error for the ith ac et  co o r c ec er atc  is:  

(e) 

 (c) 

(d) 

(a) 
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𝑒𝑒𝑒𝑒𝑒𝑒 = ( 𝑟𝑟𝑟𝑟 ) ( 𝑟𝑟𝑟𝑟 )       ( ) 

where  ma  an  to   Note the function  must map the camera values to 
corre on ing  an  t en t e tan ar   a  orm ae can e e  

n Fig. 1e e o  an act a  c ec er nder a coloured light corrected using the 
e timate  ig t o  i e  gam t ma ing an  t e roce re e cri e  in (6). Note the 
reproduction is rea ona e t t ere remains a slight yellowish cast.     

4. RESULTS  
Here we use the 321 images from the SFU dataset (Barnard et al. 2002). This data set has 
inear image  an  a ariet  o  o ect  are image  n er  ig t  ranging rom ite 
e o i  to er  e   image  ere ca t re  it  t e S  -   ariet  o  

algorithms, including those listed in a e  ere te te   Gijsenij et al. 2011 o ma e  
a  t e e timate   a ai a e to t e comm nit  e can t  ca c ate or a  ac et  
co o r c ec er images and the overall median generalised reproduction error. Then 
accor ing to t i  g o a  me ian e can ran  t e a gorit m . 

n a e  e i t t e a gorit m  an  recor  t e ran  or t e eco er  an  e ro ction 
angular errors and the new Generalised Reproduction error. 

Table 1. Comparison of ranking of algorithms based on reproduction angular errors and 
generalised reproduction errors. 

 
Recovery angular 

error 
Reproduction 
angular error 

Generalised 
Reproduction rror 

Method 
Median 

error 
an  Median error an  

Median 
error 

an  

Grey-world       

MaxRGB 6.5  8  8 6.13 8 

Shades-of-gray   7  6 3.26 6 

1st
 grey-edge  3.2  5  5 3.12 5 

2nd grey-edge  4 3.04  4 2.88 4 

Pixel- a e  gam t   2 2.83  3 2.64 3 

ge- a e  gam t   3  2  2 

nter ection- a e  
gamut 

 
1 

2.48  1 2.46 1 

Heavy tailed- a e  3.45  6 4.11     
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i e t e ran ing  o  a  t ree metric  are almost similar it is clear recovery angular 
error ran  a gorit m  a itt e i erent  rom re ro ction ang ar error. Further in 
( in a on  a i a e   it a  o n t at t e ran ing  are tati tica  i erent  

n  t i  act ra  attention to t e care t e a gorit m e igner nee  to ta e using the 
appropriate metric to assess their algorithm. The reproduction angular error assesses how 
well an algorithm reproduces white (i.e. when the estimated illuminant is divided out). 

enera i e  re ro ction error i  on t i  conce t an  acco nt  or t e error or ot er 
r ace co o r  e ran  or t e genera i e  re ro ction error are a mo t i entica  to the 

re ro ction ang ar error  n ee  – ace ro i it   e ci ating on t i  oint ere – the 
ran ing  are not tati tica  igni icant  i erent  We can conclude, for the data tested, 
t at t e im e re ro ction error can e e  a  a ro  or t e generalised reproduction 
error developed here.  

5. CONCLUSION  

Repro ction ang ar error mea re  t e ang e et een a true white patch and the white 
patch that results when an algorithm’s estimate is ‘divided out’ from the image  n t i  
paper we generalised reproduction angular error to assess not only how white is 
re ro ce  t  in tea  a  t e co o r  on a ac et  co o r c ec er  The generalised 
re ro ction error i  t e  a  co o r i erence o  a re erence c ec er an  a 
reproduction that re t  en t e ame c ec er ie e  n er an act a  co o re  ig t i  
co o r correcte  ing an e timate o  t at ig t ie   an a gorit m  i e t e im e 
reproduction angular error the same algorithm/scene pair returns very similar error 
independent o  t e co o r o  t e ig t to e e timate  eca e in a  ca e  t e re ting 
reproductions are similar). e o er e  t at t e ran ing o  a e ection o  a gorit m  a e  
on the generalised reproduction error ∆Es are er  imi ar to t e ran  gi en  the simple 
reproduction angular metric. Thus, while the generalised reproduction error provides a 
finer grained summary of the ‘goodness’ of an illuminant estimation algorithm, the simpler 
reproduction angular error can e e  to assess algorithm performance. 
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ABSTRACT
e ectra  en iti it  nction o  a camera can e etermine   engt  an  i fic t mea-

rement  in t e a  t er i e  t e  can e o n  t ro g  tati tica  in erence  ic  i  t e oc  o  
t i  a er  n er t e a m tion t at a camera a  a inear re on e  t e  recor e   t e camera 
are inear  re ate  to t e ectra  tim i  ming t e ectra re ecte  rom a target are no n   t e 

ectra  en iti itie  o  t e camera can e o n  ing inear regre ion  o e er  e en ma  e ar-
t re  in inearit   t e camera i  not e act  inear a  a me   can ignificant  im act en or e tima-
tion accuracy.

e main contri tion o  t i  or  i  to o  o  inear camera ectra  en iti itie  can e e -
timate  e en en t e co o r camera a  a non inear re on e  e egin  o er ing t at a mo t a  
non-linear camera functions are monotonically increasing. That is, whatever the non-linear functions 
mig t e gamma  camera c r e etc  t e ran  o  t e non inear  co nt  are t e ame a  or t eir 
inear co nter art  S o e t at  an    enote t e ectra  o  ig t entering t e camera 

an  in ce t e re  en or re on e   an   ere ere  at ematica   o  a  
o i e en or  S  i  integrate it  t e ectra  i erence 〖  〗  to gi e a o iti e re-
on e an  t e ot er  o  t e en or  i  gi e a negati e re on e  e ran  or ering teac e  t at 

on  en or  in cing o iti e ere t e co o r i erence in ce  a o iti e re on e are are o i e  
er  air o  re on e  co e  it  t e corre on ing ectra  i erence  it  t e ace ere t e 

camera ectra  en iti it  mig t ie into t o  at i  e er  air i e ran ing efine  a a ace  
in ic  t e en or m t ie   co r e  t e ectra  en iti it  o  t e camera m t ie in t e inter ec-
tion o  a  t e a ace  efine   t e i erence ectra rom a  t e re on e air  emar a  

 a ing t i  im e ran ing arg ment  e a e o n  ma  n m er  o  ectra  tim i  to  
genera  fice to e timate  t e inear ectra  re on e o  a camera ic  ma  ig  re on  in a 
highly non-linear manner to light.

e e a ate t e re t  o  ran a e  ectra  e timation or t o re io  an  rigoro  
mea re   camera  i on an  Sigma S  erri  ing gro n  tr t  ectra  ata mea re  at a-
tiona  P ica  a orator  o  on on [1]. We also review some regression techniques proposed in the 
iterat re c  a  i ono  reg ari ation [2] and quadratic programming [3]  r re t  o  t at t e 
ro o e  ran a e  met o  ro i e  e timate  ectra  en iti it  nction  t at are e a  goo  a  

t o e ret rne   ot er  tate o t e art ectra  en iti it  e timation met o  en camera re on e 
i  inear  en camera re on e i  non inear  ran a e  ectra  e timation ro i e  a te  c ange in 
o r a i it  to e timate camera ectra  en iti itie
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Rank-Based Camera Spectral Sensitivity Estimation  
Graham Finlayson, ar am o amma a e  arro i 

 School of Computing Sciences, University of a t ng ia   

ABSTRACT 
The spectral en iti it  nction o  a camera can e etermine  directly in t e a orator  

 etai e  an  lengthy, measurements. Alternatively, and much more rapidly, the camera 
spectral sensitivities can e e timate  t ro g  inear regre ion  However, compared with 
the a  a e  a roac  t e regre ion a e  e timate  are not a  acc rate. n part, the poor 
performance is due some assumptions of the regression methods not holding exactly true. 
n ee  rior art regression a gorit m  or  it  t e a m tion that a camera has a linear 

response. This is either not exactly the case or not the case at all. Here we develop a novel 
camera spectral sensitivity estimation technique that can recover the spectral sensor curves 
even when the camera has a non linear response.  r met o  a me  on  t at t e ran -
order of the final camera measurements is the same as the linear camera response. 

eriment  a i ate o r met o . 

1. Introduction 
e main contri tion o  t i  or  i  to present an estimation technique that i  a e to 

recover camera spectral sensitivity for ot  inear an  non-linear camera responses. A 
camera has linear response,  if when the physical signal entering the camera is scaled, the 
recor e   ca e  t e ame amo nt e.g. o e t e ig t e a  o e t e 
response). e image  mo t eo e a e acce  to e g  ren ere  eg  rom mo i e 
phones) are the result of a long processing pipeline and are non-linear. ne art o  t is 
process  is the application of a color correction matrix which converts recorded sensor 
re on e to i a   e g  inear  n t i  cenario o r met o  ee  to i co er 
the linear transform of the sensor spectral sensitivities. 

n t i  a er, we set forth an estimation technique that recovers spectral sensitivities 
assuming only that the recorded en or a e  a e t e ame ran  or er a  t o e mea re  

 t e en or or of the sensor values post color correction  m ortant  a mo t a  o  t e 
manipulations that an image undergoes preserves ran -order. For example, image gamma 
(approximately raising to the power of 0.5) is a monitonically increasing function. Contrast 
mani ation an S-shaped curve) a o re er e  ran -order. We show that the pairwise 
re ation i  et een t e re on e  o  t o ectra  tim i mat ematica  orce t e 
underlying spectral sensitivity to lie in one half of the space of all spectral sensitivity 
functions. Many pairs of responses induces many half-space constraints and the 
intersection of these is a surprisingly small set of candidate spectral sensitivity functions. 

ne mem er o  t i  inter ection et i  found using an a ro riate o timi ation criteria. 

e a i ate t e re t  o  ran - a e  ectra  e timation or a i on camera using ground 
truth spectral data that were previously measured at ationa  P ica  a orator   
Good recovery is shown for linear raw and non-linear rendered images.  We compare our 
recovery to that ro i e   a rior art inear regre ion met o [2]. That method fails 
completely for the non-linear rendered image scenario.   
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2. METHODOLGY 
n t i  a er e oc  on camera  it  t ree-c anne  re on e o  re  green an  e  e 

typical camera response at 𝑗𝑗th pixel from 𝑖𝑖t  en or can e mo e e  a  

 

𝑝𝑝𝑖𝑖𝑖𝑖 = f(∫ 𝐸𝐸(𝜆𝜆) 
ω 𝑆𝑆𝑖𝑖(𝜆𝜆)𝑄𝑄𝑖𝑖(𝜆𝜆)𝑑𝑑𝜆𝜆 + 𝑁𝑁𝑖𝑖),                        𝑖𝑖 = 1,2,3                   (1) 

 

where 𝑝𝑝𝑖𝑖𝑖𝑖 is the camera response, 𝐸𝐸(𝜆𝜆) i  t e ectra  o er i tri tion o  t e cene 
illuminant,  𝑆𝑆𝑖𝑖(𝜆𝜆) is the surface reflectance imaged at pixel 𝑗𝑗 and 𝑄𝑄𝑖𝑖(𝜆𝜆) is the spectral 
response of sensor 𝑖𝑖 at wavelength 𝜆𝜆. e integra  i  ta en o er t e i i e spectrum 𝜔𝜔 . 
Noise for each sensor is denoted as 𝑁𝑁𝑖𝑖 and f() denotes a non-linear rendering function. 
Prior art estimation algorithms ignore 𝑁𝑁𝑖𝑖 and f() to im i   for each channel as: 

 

𝑝𝑝𝑖𝑖 = ∫ 𝐸𝐸(𝜆𝜆) 
ω 𝑆𝑆𝑖𝑖(𝜆𝜆)Q(𝜆𝜆)𝑑𝑑𝜆𝜆=∫ 𝐶𝐶𝑖𝑖

 
ω (𝜆𝜆)𝑄𝑄(𝜆𝜆)𝑑𝑑𝜆𝜆 ≡ 𝑐𝑐𝑖𝑖𝑞𝑞.                                   (2) 

 
Where 𝐶𝐶(𝜆𝜆) = 𝐸𝐸(𝜆𝜆)𝑆𝑆(𝜆𝜆). t i  e  to tran ate  into t e ang age o  inear a ge ra  n 
(2), 𝑐𝑐𝑖𝑖 denotes the 1 × 31 vector of sampled measurements (when we measure 31 
wavelengths across t e i i e ectr m  to  anometres with 10Nm intervals) and 
𝑞𝑞 is the 31 × 1 single channel sensor spectral sensitivity. For 𝑁𝑁 colors, we can attempt to 

estimate 𝑞𝑞 , when we have the 𝑁𝑁 × 1 vector of single channel responses  𝑃𝑃 and the 

corresponding 𝑁𝑁 × 31 matrix 𝐶𝐶 (with 𝑐𝑐𝑖𝑖 eing it  𝑗𝑗th row). Given the linear form of (2) 
sensor e timation can e ritten a  a linear regression of the form e o  
 

 𝑚𝑚𝑖𝑖𝑚𝑚
𝑞𝑞

‖𝐶𝐶𝑞𝑞 − 𝑃𝑃‖
2
                     (3) 

 
Solving (3)  𝑞𝑞 = [𝐶𝐶𝑡𝑡𝐶𝐶]−1𝐶𝐶𝑡𝑡𝑃𝑃 according to [4], oe  not ro i e a ta e o tion e to 
the limited dimensionality of matrix 𝐶𝐶 [3]. Mathematically, the matrix 𝐶𝐶𝑡𝑡𝐶𝐶 has a high 
con ition n m er an  o  a  a n merica  n ta e in er e  

an  ectra  e timation a gorit m  egin it  ation (3) and attempt to solve for 𝑞𝑞 in 
a more n merica  ro t a  ten, this is achie e   a ing additional constraints 
into the ro em orm ation. For example in [2], en or  ere a me  to e ong to a o  

imen iona  moot  a i  an  a o t at t e  o  e nimo a  The resulting respective 
linear and linear inequality constraints led to sen or e timating eing orm ate  as a 
quadratic programming ro em [2]. m ortant  t e constrained minimisation delivered 
much improved spectral sensitivity estimation. However, even this improved technique 
ignore  t e ro e o   t  o ten  t i  cannot e ignore  camera re on e  are non inear 
(and when this is the case no existing method delivers good estimation performance). 
Solving for 𝑞𝑞 is much harder if the camera response is non-linear (i.e. when 𝑁𝑁𝑖𝑖 and f() are 

not ignored). n t i  artic e e a o ta e a con traint a e  approach  for finding 𝑞𝑞 [2]. The 
difference is in t e inear con traint  t at im ro e on t e ro tne  o  estimation  
technique for non-linear data. r e  o er ation i  t at i  f() is assumed to e a 
monotonically increasing function then this means that t e ran  o  t e non-linear RGB 
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counts are the same as for their linear counterparts. an e  ing e c anne  re on e for 𝑃𝑃1 
and 𝑃𝑃2 implies: 
 

(𝑃𝑃1) (𝑃𝑃2) 𝑃𝑃1 𝑃𝑃2 𝑐𝑐1 − 𝑐𝑐2 𝑞𝑞               (4) 
 
The inequality in (4) expresses t e genera  orm o  a inear con traint eri e  rom ran ing 
the order of the single channel camera response of two colors. For 𝑁𝑁 color samples we can 

choose 𝑁𝑁
2  n m er o  air  to orm t e a o e inear con traint  The power of this linear 

constraint is in that it holds or ot  inear an  non-linear data.  
The intersection of all these ‘half space’ constraints results in a solution space that delimits 
a region of sensor space. As such, any sensor that satisfies all t e ran ing con traints is a 

o i e o tion to t e en or e timation ro em  We choose the sensor that predicts the 
ran  or er o  t e re on e  integrates to unity, ie  in a - imen iona  Sine a i  and is 
smoothest  i  o timi ation i  o e  ing a ratic Programming  

3. EXPERIMENTS AND RESULTS 
n t i  ection e e ain t e e eriment  carrie  o t or a i ation an  e a ation o  t e 

estimated ran  a e  ectra  en iti it  nction  o  i on camera  n S  co our 
c ec er  a  ace  a ro imate  in t e centre o  t e oor o  a eri i e ca inet, facing 
upwards towards the D65 illuminant. The position of the camera relative to the color 
c ec er a  c o en to e a ro imate  at  degrees angle. For each patch in the 
c ec er  t e camera igna  a  o taine   a eraging t e re  green an  e c annel 
response over the central area of the patch resulting in matrix 𝑃𝑃 for the 140 colors. We 
too  ot  ra  an  ren ere  image  o  t e ame cene  The matrix 𝐶𝐶 of colour signal 
measurement a  o taine  ing a P  spectra radiometer.  

We compare the estimated sensors 𝑄𝑄 using the ground truth spectral response functions 
mea re  in a rigoro  a  a e  e eriment  at NPL [1]. We compare recovery for ot  
the linear camera image and the nonlinear rendered image (the jpeg produced  t e i on 
camera i e ine  n t e atter ca e e ee  to reco er t e camera en iti itie  m ti ie  

 t e camera’s 3x3 colour correction matrix T. ere  e e t e or  o  [5] to recover 
the colour correction matrix  and we apply it to the measured spectral sensitivities to 
provide ground truth for spectral estimation using a rendered (jpeg) image. Figure 1 
illustrates t e e e timate  en or  re  a e  ine  an  gro n  tr t  ata e o i  ine   
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Figure 1: Nikon spectral sensitivity function estimated using rank based technique (red-
dashed) and ground truth data (blue solid) on raw (Left) and rendered (right) data. 
 e a o  n merica  e a ate t e er ormance o  o r e timation tec ni e  com aring 
it to a prior art quadratic programming estimation technique [2]. For this, we use Vora and 
Trusell's error [6] metric. Vora values close to 0 indicate the estimated sensors sample 
spectra – produce camera RGBs - close to those measured  t e act a  camera. The 
maximum Vora Value is 100. The Vora value is powerful as it teaches that two cameras 
wit  imi ar oo ing ectra  ro i e  t ica  am e ig t in t e ame a  e ora 

a e a o ca t re t e i ea t at t e  rom a gi en camera can e inear  ma e  to 
a ro imate mea rement  ma e  anot er ee  or a  i c ion an  eri ation of 
the Vora Value). 

ora a e  or ot  ra  an  ren ered data or t e an - a e  S ectra  timation 
method (RBS) are shown in a e . That is, e ca c ate t e ora a e  com aring 
the estimated curves (plotted in red) in ig re  it  t e act a  c r e  otte  in e  n 

ot  ca e  a er  o  ora a e i  o n  at i  t e reco ere  en or  am e ig t er  
similarly to the actual sensors. The ‘Rendered’ results refer to the fact we are estimating 
the sensor  m ti ie   t e co o r correction matri  or t e ig  non-linear camera 
jpeg image. 

n contra t t e P met o   a e  on a ming a camera a  inear re on e  or  
well for the raw data t, as expected, terri  or t e non-linear rendered data. A Vora 
Value of 65 teaches that the recovered sensitivities sample light not ing i e t e act a . 

 

Estimation Technique Raw Rendered 

RBS 5 6 

QP  65 

Table 1: Table of Vora values. RBS: Rank based spectral estimation. QP: Prior art 
quadratic programming estimation technique [2]. 
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4. CONCLUSION 
n t i  a er e a e o n that t e ran  or er o  camera re on e i  a o er  too  or 
o ing t e camera ectra  en iti it  nction m ti ie   co o r correction in t e ca e 

o  ren ere  image  e a e o n t at t i  e timation tec ni e i  ro t or ot  ra  
and rendered images. We validated our estimated sensors using measured spectral 
en iti it  nction  rom ationa  P ica  a orator  We show that prior art estimation 

technique fail to estimate spectral response function in the same consistent manner as our 
ran  a e  tec ni e  eriment  emon trate t at relatively good e timation i  o i e 
gi en a ing e image it  no n ectra  
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ABSTRACT
 t i  e  no n t at on  a co o r camera t at ati fie  t e t er con ition  [4] can provide 

co orimetrica  acc rate co o r image   co r e  co orimetric acc rac  i  on  one i e o  concern  
and not necessarily the most important one, in terms of overall image quality. However, there are many 
it ation or e am e  ermato ogica  imaging or aint an  e a ication in ic  it o  e 
e ira e to a e a camera act a  an imaging co orimeter   e t er con ition re ire  t e camera 

sensitivity functions match the human eye’s sensitivity functions to within a linear transformation. 
e ro em it  t i  con ition i  t at it i  a  or none   t ere i  not an e act matc  t en o  i  t e 

i cre anc  to e mea re  e a re  t i  e tion ing t e metamer mi matc  o me in e  
[3] an  com are t e in ice  o taine  or t e en iti it  nction  o  t e  igita  camera  iang et 
al. [1] mea re  og inen o [2] e cri e  a ne  met o  o  com ting t e metamer mi matc ing t at 
ari e  or a c ange o  o er er an  ro o e  a metamer mi matc  o me in e  a  a mea re o  
o er er in ce  metamer mi matc ing  Since t e camera er e e it ation i  reci e  a c ange 
o  o er er  t e met o  an  in e  are irect  a ica e  er er in ce  metamer mi matc ing 

ometime  ca e  o er er metameri m  re er  to t e act t o ig t  t at in ce an i entica  en or 
re on e in one o er er i e  matc  ma  in ce non i entica  en or re on e  in a econ  o er er  

e et o  o i e c  re on e  efine  a metamer mi matc  o me  an  an in e  efine  in term  
o  t i  o me i  at e e a  a mea re o  t e i erence et een a gi en camera an  t e e e  
Pre io  mea re  o  t e i erence et een o er er  a e een ome at ar itrar  or e am e  
iang et a [1] e t e mean  o  t e  n e  c i  n er  an  t e S i erence 

in t e e t inear fit o  t e en iti it  nction  to one anot er  e o  t at t e re ati e ran ing   
t e e t o met o  are n ta e an  com are t em to t e ran ing  a e  on t e t eoretica  o n  
metamer mismatch volume indices.

  iang   i     an  S tr n  S  at i  t e S ace o  S ectra  Sen iti it  nction  or igita  o or 
amera    or o  on ication  o  om ter i ion    an  

  og inen o  o o r ariation  ari ing rom o er er in ce  metamer mi matc ing  e earc ate  ct  
  og inen o  nt  o a   etamer mi matc ing   ran  on mage Proce ing       
2014.
  t er    em e iet er ar rei metri  eit c ri t r tec ni c e P i     

 

 

Comparing Colour Camera Sensors Using Metamer 
Mismatch Indices 
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ABSTRACT 

A new method of evaluating the colorimetric accuracy of a color camera is proposed that is 
based on the size (appropriately normalized) of the metamer mismatch volume induced by 
a change of ‘observer’ from camera to human eye and vice-versa. The degree of metamer 
mismatching indicates the range in the discrepancy of the colour signals that can arise and 
as such is a more well-founded measure of colorimetric accuracy than traditional spectral-
based measures such as the root mean squared difference in fit between the camera and 
eye’s sensitivity functions. 

1. INTRODUCTION 

It is well known that only a colour camera that satisfies the “Luther condition” (Luther 
1927) can provide colorimetrically accurate colour images. Of course, colorimetric 
accuracy is only one issue of concern, and not necessarily the most important one, in terms 
of overall image quality. However, there are many situations—for example, dermatological 
imaging or paint and dye applications—in which it would be desirable to have a camera act 
as an imaging colorimeter.  The Luther condition requires the camera sensitivity functions 
and the human eye’s sensitivity functions to be within a linear transformation of one 
another. The problem with this condition is that it is all or none. If there is not an exact 
match then how is the discrepancy to be measured?  

We address this question using the volume metamer mismatch index (VMMI) 
(Logvinenko 2014b) and compare the indices obtained for the sensitivity functions of the 
28 digital cameras Jiang et al. (Jiang 2013) measured. The VMMI is a measure of the 
amount of metamer mismatching that can occur between two different observers for a 
given light. In this paper, one observer is fixed and defined by the human cone 
fundamentals; the other observer is defined by the spectral response functions of the colour 
camera being evaluated. Metamer mismatching for a pair of observers (sometimes called 
‘observer metamerism’) refers to the fact two lights that induce an identical sensor 
response in one observer (i.e., match), may induce non-identical sensor responses in the 
second observer. The set of all possible such non-identical responses forms a convex 
volume in colour space referred to as the metamer mismatch volume.  

The intuition behind using the degree of metamer mismatching in evaluating the colour 
fidelity of a digital camera is that if two lights match for the human observer, then it 
follows that ideally the camera should produce an identical RGB response to the two 
lights. If it does not, or if it produces identical RGB responses to lights that the human 
observer sees as distinct, then there cannot exist a one-to-one mapping between camera 
response and perceived colour. The greater the degree of metamer mismatching, the greater 
the ambiguity in the mapping between camera response and perceived colour, and hence, 
the less colorimetrically accurate the camera will be. 
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2. CAMERA VOLUME METAMER MISMATCH INDEX (CVMMI) 
The Camera Volume Metamer Mismatch Index (CVMMI) is a measure of the amount of 
metamer mismatch between a particular camera sensor and the reference human observer. 
The CVMMI is a particular case of the VMMI in which: (i) the spectral response functions 
(Figure 1) of the reference human observer are those defined by the Govardovskii et al. 
model of photopigment responsivity (Govardovskii 2000) with peak photopigment optical 
density of 0.3 and peak absorbances of 430nm, 530nm, 560nm; and  (ii) the metamer 
mismatch volumes are computed for lights that are for the first observer metameric to the 
equal-energy illuminant.  

 
Figure 1: The relative spectral response functions for the reference human observer based 

on the Govardovskii et al. model of the cone sensitivities. 

2.1 Calculating the Metamer Mismatch Volume  
The metamer mismatch volume (MMV) for a given colour signal (i.e., XYZ, LMS or 
RGB, depending on the colour sensors used) recorded by the first observer in response to a 
given light is the set of all colour signals arising from lights that are metameric to the given 
colour signal that could possibly be recorded by the second observer. Logvinenko 
(Logvinenko 2014b) suggests that the size of the MMV can be measured in various ways, 
such as terms of its ‘diameter’, its area when projected into a 2D chromaticity space, or its 
three-dimensional volume. In this paper, we choose to use the cube root of its three-
dimensional volume. 

We calculate the MMV for the second observer given colour signal, Ψ1, of the first 
observer using the new method Logvinenko describes (Logvinenko 2014b).  This method 
is based on randomly choosing a set of 3 monochromatic lights and then finding a linear 
combination of the chosen lights that is metameric to Ψ1. The response, Ψ2, of the second 
observer to this linear combination provides a point in the MMV. Since this computation is 
fast, it can be repeated thousands of times with different sets of monochromatic lights 
thereby leading to lots of points on the boundary of the MMV. The convex hull of this set 
of these points provides a good approximation to the MMV. 

2.2 Volume Metamer Mismatch index 
While the volume of the MMV provides a measure of the amount of metamer 
mismatching, it varies in proportion to light intensity and to any linear transformation of 
the spectral sensitivity functions.  To obtain a measure that is unaffected by these factors, 
Logvinenko (Logvinenko 2014b) introduces the Volume Metamer Mismatch Index 
(VMMI).  The VMMI is defined as ratio of the volume of the MMV relative to the volume 
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of the convex hull of the spectral curve for the second observer (see Eq. 8 of Logvinenko 
2014b for the formal definition).  Since light intensity affects both volumes equally, as 
does a linear transformation of the sensitivity functions, the ratio remains unaffected. 

The VMMI for the case of the reference human observer to a camera as the second 
observer provides a measure of how well or poorly the given camera is at representing 
colours as seen by the human observer. A high VMMI means that lights that look the same 
to the human observer can end up with significantly different RGB outputs from the 
camera. For the reverse case, that of the VMMI for a change from camera as the first 
observer to human as the second observer, the VMMI gives a measure of how well the 
camera preserves differences seen by the human eye.  A high camera-human VMMI 
indicates that two lights that look very different to the human eye may be indistinguishable 
to the camera.  

The VMMI can be computed for any colour signal Ψ1  of the first observer in response 
to a light. In terms of using the VMMI as a measure of the colour fidelity of cameras, 
however, we define Ψ1 to be the colour signal of the first observer in response to the equal-
energy spectrum. This single case is taken as being representative of the degree of metamer 
mismatching for all spectra since the color signal corresponding to the equal-energy case 
has the largest VMMI. At the other extreme, is the colour signal of monochromatic light, 
for which there are no metamers. 

It is possible for a camera to have a low human-camera VMMI (for colour signal of 
equal-energy spectrum) while having a high camera-human VMMI, and vice versa. For a 
camera to be colorimetrically accurate, both must be low.  Therefore, we define the 
Camera Sensor Metamer Mismatch Index (CSMMI) as the average of the two.  

2.3 Restricting the lights 
Lights leading to colour signals on the boundary of the MMV have spectra that are non-
zero at only three wavelengths.  Such lights are not very representative of lights that are 
actually encountered by cameras in practice, although imaging a laser-based display would 
be a clear exception. The problem with evaluating the CSMMI for monochromatic lights is 
that a small difference in the camera response at a particular wavelength can lead to a high 
degree of potential metamer mismatching. The volume of the MMV correctly represents 
the range of possible responses, but this may not be what is desired in practice where 
monochromatic lights rarely arise, and also where the camera’s sensor sensitivity functions 
may not have been measured all that precisely at every wavelength. 

To avoid the problem of small differences in the sensor response functions leading to 
large differences in the CSMMI, we replace the monochromatic lights with lights having a 
Gaussian-shaped spectrum. Metamers are then found using linear combinations of three 
such lights with peaks centered at three different wavelengths. Since the set of lights is 
being restricted, the resulting MMVs are smaller and strictly inside the theoretical MMVs 
based on linear combinations of 3 monochromatic lights.   

Figure 2 shows examples of the light spectra formed as a linear combination of 
Gaussian spectra with standard deviations of either =25 or =50.  At =25, the Gaussian 
spectra are more similar the peaks in LED spectra.  The spectra formed as a linear 
combination of three Gaussian spectra with =50 are closer to typical broadband light 
sources. We denote the CSMMI indices computed using Gaussian spectra of =25 and 

=50 CSMMI25 and CSMMI50, respectively. 
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The CVMMI is a particular case of the VMMI in which: (i) the spectral response functions 
(Figure 1) of the reference human observer are those defined by the Govardovskii et al. 
model of photopigment responsivity (Govardovskii 2000) with peak photopigment optical 
density of 0.3 and peak absorbances of 430nm, 530nm, 560nm; and  (ii) the metamer 
mismatch volumes are computed for lights that are for the first observer metameric to the 
equal-energy illuminant.  

 
Figure 1: The relative spectral response functions for the reference human observer based 

on the Govardovskii et al. model of the cone sensitivities. 

2.1 Calculating the Metamer Mismatch Volume  
The metamer mismatch volume (MMV) for a given colour signal (i.e., XYZ, LMS or 
RGB, depending on the colour sensors used) recorded by the first observer in response to a 
given light is the set of all colour signals arising from lights that are metameric to the given 
colour signal that could possibly be recorded by the second observer. Logvinenko 
(Logvinenko 2014b) suggests that the size of the MMV can be measured in various ways, 
such as terms of its ‘diameter’, its area when projected into a 2D chromaticity space, or its 
three-dimensional volume. In this paper, we choose to use the cube root of its three-
dimensional volume. 

We calculate the MMV for the second observer given colour signal, Ψ1, of the first 
observer using the new method Logvinenko describes (Logvinenko 2014b).  This method 
is based on randomly choosing a set of 3 monochromatic lights and then finding a linear 
combination of the chosen lights that is metameric to Ψ1. The response, Ψ2, of the second 
observer to this linear combination provides a point in the MMV. Since this computation is 
fast, it can be repeated thousands of times with different sets of monochromatic lights 
thereby leading to lots of points on the boundary of the MMV. The convex hull of this set 
of these points provides a good approximation to the MMV. 

2.2 Volume Metamer Mismatch index 
While the volume of the MMV provides a measure of the amount of metamer 
mismatching, it varies in proportion to light intensity and to any linear transformation of 
the spectral sensitivity functions.  To obtain a measure that is unaffected by these factors, 
Logvinenko (Logvinenko 2014b) introduces the Volume Metamer Mismatch Index 
(VMMI).  The VMMI is defined as ratio of the volume of the MMV relative to the volume 
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Figure 2: Two spectra that are metameric to the equal-energy spectrum formed as linear 

combinations of Gaussian lights of standard deviation σ=25 (dashed blue curve) and σ=50 
(solid red curve). 

3. RESULTS AND DISCUSSION 

We computed the CSMMI25 and CSMMI50 measures for the sensor sensitivity functions 
of the 28 cameras measured by Jian et al. (Jiang 2013). The computation was based on 
finding 10,000 metameric lights as described above.  

Jiang et al. rank the cameras in terms of two measures. The first is the departure from 
the Luther condition as measured in terms of the Root Mean Squared error in the best 
linear fit of the camera sensitivites to the CIE-1931 2-degree color matching functions.  
The second measure is the average CIEDE00 color difference taken over the 1269 Munsell 
reflectance spectra (Parkkinen 1989) illuminated by CIE D65 and measured between the 
transformed camera coordinates (i.e., best camera estimate of XYZ) and the true CIE XYZ. 
The RMS difference is a general measure, but using the average CIEDE00 over a set of 
reflectances is not. The problem is not only that the set of reflectances is limited, but that 
the reflectances are not lights. A general measure of camera colour fidelity must include 
the space of all lights, not just the space of lights reflected from surfaces under D65. In any 
case, Jiang et al. show that there is only a very limited correlation between the rankings 
that the two measures provide.   

Figure 3 plots the RMS and CSMMI50 measures for the 28 cameras sorted in order of 
increasing CSMMI50.  The two measures follow the same general trend, but there are 
significant disagreements between the two measures. The fact that the RMS measure can 
sometimes be small while the CSMMI is large is an indication of the problem with using 
the similarity of the camera and eye spectral sensitivity functions as a measure of colour 
fidelity since the CSMMI reveals that relative small differences as measured in terms of 
RMS can in fact lead to large colour differences between the camera and eye.  

Of course, the CSMMI25 and CSMMI50 can be expected to be very correlated. Figure 
4 shows that the two indices track one another closely with a few exceptions. Camera 6, for 
example, has a higher relative CSMMI25 than CSMMI50. This indicates that the colour 
fidelity of that camera will be poorer for lights with spectra having narrowband peaks than 
lights with strictly broadband spectra. 

82
AIC2015 TOKYO - Color and Image



 

 

 
Figure 3: The RMS (dashed green) and CSMMI50 (solid blue) measures for each of the 28 
cameras with the results sorted in left to right order in terms increasing CSMMI50. Left 

axis CSMMI50 index. Right axis RMS value. 

Note that since the MMVs for the =50 lights are significantly smaller than the MMVs 
of the =25 lights the range of the CSMMI50 indices is always smaller than that of the 
CSMMI20 indices.  

 
Figure 4: Comparison of the CSMMI50 and CSMMI25 indices. Cameras are ordered in 

terms of increasing CSMMI50. The relative scale of the two plots has been adjusted so that 
they overlap for comparison.  

4. CONCLUSION 

Digital colour cameras do not generally satisfy the Luther condition and therefore will not 
produce images that are entirely colorimetrically accurate.  The Luther condition is all or 
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combinations of Gaussian lights of standard deviation σ=25 (dashed blue curve) and σ=50 
(solid red curve). 

3. RESULTS AND DISCUSSION 

We computed the CSMMI25 and CSMMI50 measures for the sensor sensitivity functions 
of the 28 cameras measured by Jian et al. (Jiang 2013). The computation was based on 
finding 10,000 metameric lights as described above.  

Jiang et al. rank the cameras in terms of two measures. The first is the departure from 
the Luther condition as measured in terms of the Root Mean Squared error in the best 
linear fit of the camera sensitivites to the CIE-1931 2-degree color matching functions.  
The second measure is the average CIEDE00 color difference taken over the 1269 Munsell 
reflectance spectra (Parkkinen 1989) illuminated by CIE D65 and measured between the 
transformed camera coordinates (i.e., best camera estimate of XYZ) and the true CIE XYZ. 
The RMS difference is a general measure, but using the average CIEDE00 over a set of 
reflectances is not. The problem is not only that the set of reflectances is limited, but that 
the reflectances are not lights. A general measure of camera colour fidelity must include 
the space of all lights, not just the space of lights reflected from surfaces under D65. In any 
case, Jiang et al. show that there is only a very limited correlation between the rankings 
that the two measures provide.   

Figure 3 plots the RMS and CSMMI50 measures for the 28 cameras sorted in order of 
increasing CSMMI50.  The two measures follow the same general trend, but there are 
significant disagreements between the two measures. The fact that the RMS measure can 
sometimes be small while the CSMMI is large is an indication of the problem with using 
the similarity of the camera and eye spectral sensitivity functions as a measure of colour 
fidelity since the CSMMI reveals that relative small differences as measured in terms of 
RMS can in fact lead to large colour differences between the camera and eye.  

Of course, the CSMMI25 and CSMMI50 can be expected to be very correlated. Figure 
4 shows that the two indices track one another closely with a few exceptions. Camera 6, for 
example, has a higher relative CSMMI25 than CSMMI50. This indicates that the colour 
fidelity of that camera will be poorer for lights with spectra having narrowband peaks than 
lights with strictly broadband spectra. 
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none. To compare the colorimetric accuracy of cameras requires a different measure, for 
which the RMS error in the best linear fit of the camera sensitivity functions to the human 
cones is often used. As an alternative, we propose a new measure, the camera sensor 
metamer mismatch index (CSMMI), based on Logvinenko’s (Logvinenko 2014b) volume 
metamer mismatch index, which in turn is based on the amount of metamer mismatching 
that is induced by a change from the eye’s sensitivity functions to a camera’s and vice-
versa. As such, it provides a principled measure of the colorimetric accuracy of a camera.  

ACKNOWLEDGEMENTS 

Funding was provided by the Natural Sciences and Engineering Research Council of 
Canada. 

REFERENCES 

Govardovskii, V., N. Fyhrquist, T. Reuter, D. Kuzmin, and K. Donner. 2000. In search of 
the visual pigment template. Visual Neuroscience. 17, 509-528. 

Jiang, J., D. Liu, J. Gu, and S. Susstrunk. 2013. What is the Space of Spectral Sensitivity 
Functions for Digital Color Cameras? In IEEE Workshop on Applications of 
Computer Vision (WAVC) 168-179.  

Logvinenko A., B. Funt B. and C. Godau. 2014a. Metamer mismatching. IEEE Trans. on 
Image Processing, 23, 34-43. 

Logvinenko, A. 2014b. Colour variations arising from observer-induced metamer 
mismatching, www.researchgate.net, Accessed Oct. 2014. 

Luther, R., 1927. Aus dem Gebiet der Farbreizmetrik. Zeitschrift für technische Physik (8) 
540-558. 

Parkkinen, J., J. Hallikainen, and T. Jaaskelainen. 1989. Characteristic spectra of Munsell 
colors. Journal of Optical Society of America A, 6(2) 318–322. 

Address: Brian Funt, School of Computing Science, Simon Fraser University, 8888 
University Drive, Burnaby, British Columbia, Canada, V5A 1S6. 

E-mails: bhull@sfu.ca, funt@sfu.ca  

84
AIC2015 TOKYO - Color and Image



OS1-5

Advanced Measurement Technology for Image Clarity
i eo  an  Shigeo SUGA

S  e t n tr ment  o  t

ABSTRACT
a ation o  o ect r ace tr ct re a  tra itiona  in o e  t e a e ment o  ami iar 

o tica  ro ertie  no n a  o  an  a e   ore recent  t e o tica  ro ert  attri te  to o ect 
r ace tr ct re or tr ct ra  interna  o tica  e ect  a e gaine  ma or im ortance eca e c  

ro ert  can ar  i e t e tra itiona  ro ertie  o  g o  an  a e remain con tant  an  ice er a  
i  o tica  ro ert  i  no n a  mage arit   e e igne  a te t a arat  to anti  t i  o tica  
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Advanced Measurement Technology for Image Clarity 
i eo ita, Shigeo Suga 

S  e t n tr ment  o  t  

ABSTRACT 
a ation o  o ect r ace tr ct re a  tra itiona  in o e  t e assessment of familiar 

o tica  ro ertie  no n a  o  an  a e  ore recent  t e o tica  ro ert  attri te  
to o ect r ace tr ct re or tr ct ra  interna  o tica  e ect  a e gaine  ma or 
im ortance eca e c  ro ert  can ar  i e t e traditional properties of gloss and 
a e remain con tant  an  ice- er a  i  o tica  ro ert  i  no n a  mage arit  We 
e igne  a te t a arat  to anti  t i  o tica  enomenon  ic  e i t  in ot  

re ection an  in tran mi ion mo e  mage arity is then converted to a numerical index 
whose values are high when the specimen reflects, or transmits the image clearly and is 
low when t e ecimen r  t e image   

1. FORWARD 
an  a e e erience  t i  en e o  a it  an  r   noticing ar  images in the 

orm o  i o ette  o  rro n ing tree  an  i ing  re ecte  on a o  ane  o  a t i  
car, which happened to catch your eye. e o era  a it  erce tion o  an o ect i  

e e o e   e amining ario  o tica  ro ertie  o  a r ace  uch as image sharpness, 
color, gloss  an  a e reflecting from its surface.  

mong o tica  ro ertie  t e egree t at an image o  an o ect can e ie e  c ear  
without distortion i  ca e  mage arit  This optical property occurs in images that are 
either reflected or transmitted. 

ie ing t e image o  t e o tica  ma  in reflection from two ano i e  a min m ate  
is shown in Figure 1. The left plate is clearly defined and sharp. This plate a  ig  mage 
Clarity values. The right ate i  rre  an  t e o tica  ma  i  are  recogni a e  This 
plate a  o  mage arit  a e  mage arit  i  a mea re o  t i  o er e  
phenomenon, expressed numerically. mage arit  a e  are ig  en t e image can e 
een c ear  an  mage arit  a e  are o  en t e image a ear  rr . 

 
Figure 1: Reflected Image Clarity Illustrated 

ecent  t e enomenon o  mage arit  i  attracting m c  attention a  a actor in 
the quantitative evaluation of how o ect  a ear  This is occurring eca e t e 

enomenon i  ecoming recogni e  an  n er too  n a ition to tra itional 
measurements of Color, Gloss  an  a e  mage arit  i  eing ti i e  in many diverse 
industrial fields. For example, external appearance has a significant influence on the 

ercei e  a it  an  a e o  ro ct  c  a  t e aint ini  i e iano ac  orange 
ee  or mirror ini  on a tomo i e  an  ot er ro ct  o t car i, ano i e  a min m  

aluminum alloys and plastics whose surface is mirror finish and texturing. As a result of 
ing mage arit  a e  an  contro ing t e man act ring roce  ro ct  are 
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produced that ha e ig  mage arit  a e  This means that images reflecting off 
surfaces or tran mitte  t ro g  o ect  can e een c ear  an  i tinct  Also, for glossy 

o t car  mage arit  a e  are e  or e a ation ince it ena e  e a ation o  
i erence  in mage arit  e en en mea re  o  a e  are near  e a   

Furthermore  materia  c  a  ac aging for electronic components, films (glass) for 
liquid crystal displays and smart phones require high mage arit  values to show text and 
screen images clearly. mage arit  a e  are e  eca e t e  ro i e i erence  in 
visual appearance and distinctness of image, while traditional methods of analysis do not. 
t i  intere ting to note that there are cases where low mage Clarity values are a 

requirement; for instance, in the case of liquid crystal displays. Not only is high 
tran mittance a re irement t o are low mage arit  values. Low values of reflection 
mage arit  are re ire  to re ce g are  minimi ing t e inten it  o  re ection. 

2. MEASUREMENT PRINCIPLE OF IMAGE CLARITY 
e ment o  mage arit  ma  e o taine   re ectance an  tran mittance modalities. 

am e  o  t o mo a itie  e  or t e e mea rement  are o n e o  Figure 2 
illustrates the Geometry for mage arit   e ection and Transmission. 

 n ig re 2  t e o tica  at  egin  it  illumination from a light source and after 
passing through the source aperture- it  it i  co imate   t e co imating en  and 
directed onto a specimen. Then, the image of source aperture-slit, reflected from or 
transmitted through a specimen, is collecte  an  oc e   t e e-collimating lens on the 
o tica  ma  The light receptor detects the fractional amount of transmitted radiation 
a ing t ro g  t e o tica  ma  

 
Figure 2: Illustrates the Geometry for Image Clarity and Optical Mask 

e o tica  ma  i  i trate  in ig re 2. The geometric ratio of the opaque areas to 
the corresponding transparent areas i   ere are  gro  o  com  attern  eac  
having different segment widths; namely, 2.0, 1.0, 0.5, 0.25, and 0.125 mm. The data used 
or image ana i  ic  irect  re ate  to mage arit  are ac ire   canning t e 

intensity of radiation passing through the optical mask, shown as “Movement of optical 
mask” in Figures 3 and 4  ea rement o  mage arit  mage arit  (n)  i  

etermine  mat ematica   t e e ation presented as equation (1). The largest amount 
o  ig t recei e   t e ig t rece tor i  t e maximum light intensity, Mn. The least amount 
o  ig t recei e   ig t rece tor i  t e minim m ig t intensity, mn. “n” is o tica  ma  
line width. 

     100)( u
�
�

 
nn

nn
n mM

mMC     (1) 

Referring to Figure 3, for a test specimen such as a perfect mirror, where the reflected 
image a ear  c ear an  i tinct at t e o tica  ma  t e image o  t e o rce a ert re-slit is 
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re icate  on t e o tica  ma  er ect  it in t e i raction imit  o  t e o tica  tem  
i  mean  t at t e image o  t e it i   tran mitte  en t e o tica  ma  i  in 

Po ition  an  oc e  com ete  en t e ig t i  in ront o  the opaque part when the 
o tica  ma  i  in Po ition 2. n t i  ca e  t e amo nt o  ig t recei e   image etector i  
as shown in right of Figure 3. e i erence et een t e ma im m an  minim m ig t 
inten itie  i  arge  t ere ore  t e mage arit  alue is high. 

Conversely, a matt surface test specimen with a dull finish causes t e image to r an  
distort. That distortion of the image of aperture- it on t e o tica  ma  i  e arge a  
shown in Figure 4, Measurement of Low mage arit  i  means that the image of 
aperture- it i  not  tran mitte  en t e o tica  ma  i  in Po ition  nor i  it oc e  
completely when the light is in front of the opaque part of t e o tica  ma  in Po ition  
The representation of the light intensities for mage arit  a ing o  n merica  a e  i  
shown in right of Figure 4. e i erence et een t e ma im m an  minim m ig t 
inten itie  i  ma  t ere ore  t e mage arit  a ue is low. 

 
Figure 3: Measurement of High Image Clarity 

 
Figure 4: Measurement of Low Image Clarity 

n  a o it i  e ira e to e ect o tica  ma  ine i t  e en ing on con ormit  to t e 
i a  a e ment  mage arit  a e  o  i e o tica  ma  ine i t  are mea re  at 

t e ame time  or ig  mage arit  ecimens, use 0.125 mm and 0.25 mm in line 
i t  or me i m mage arit  ecimen  e  mm in ine i t  an  or o  mage 

Clarity (matt) specimens, use 1.0 mm and 2.0 mm in line width. 

3. A COMPARISON OF IMAGE CLARITY VERSUS GLOSS AND HAZE 

3.1 Comparison of Measured Values for Gloss and Image Clarity 
Four different tile specimens (Figure 5) t at are imi ar in o  et a e i erent mage 
Clarity were selected for analysis. e ti e e ignate   i  a ac  g a   i  P   
is a painted plate, and A4 is a ceramic tile. 

By the visual assesment, fir t  t ere i  no i cerna e i erence in o  among any of 
the specimens. Secon  t ere are arge i erence  in mage arit  among all the 
specimens. 

 

 

produced that ha e ig  mage arit  a e  This means that images reflecting off 
surfaces or tran mitte  t ro g  o ect  can e een c ear  an  i tinct  Also, for glossy 

o t car  mage arit  a e  are e  or e a ation ince it ena e  e a ation o  
i erence  in mage arit  e en en mea re  o  a e  are near  e a   

Furthermore  materia  c  a  ac aging for electronic components, films (glass) for 
liquid crystal displays and smart phones require high mage arit  values to show text and 
screen images clearly. mage arit  a e  are e  eca e t e  ro i e i erence  in 
visual appearance and distinctness of image, while traditional methods of analysis do not. 
t i  intere ting to note that there are cases where low mage Clarity values are a 

requirement; for instance, in the case of liquid crystal displays. Not only is high 
tran mittance a re irement t o are low mage arit  values. Low values of reflection 
mage arit  are re ire  to re ce g are  minimi ing t e inten it  o  re ection. 

2. MEASUREMENT PRINCIPLE OF IMAGE CLARITY 
e ment o  mage arit  ma  e o taine   re ectance an  tran mittance modalities. 

am e  o  t o mo a itie  e  or t e e mea rement  are o n e o  Figure 2 
illustrates the Geometry for mage arit   e ection and Transmission. 

 n ig re 2  t e o tica  at  egin  it  illumination from a light source and after 
passing through the source aperture- it  it i  co imate   t e co imating en  and 
directed onto a specimen. Then, the image of source aperture-slit, reflected from or 
transmitted through a specimen, is collecte  an  oc e   t e e-collimating lens on the 
o tica  ma  The light receptor detects the fractional amount of transmitted radiation 
a ing t ro g  t e o tica  ma  

 
Figure 2: Illustrates the Geometry for Image Clarity and Optical Mask 

e o tica  ma  i  i trate  in ig re 2. The geometric ratio of the opaque areas to 
the corresponding transparent areas i   ere are  gro  o  com  attern  eac  
having different segment widths; namely, 2.0, 1.0, 0.5, 0.25, and 0.125 mm. The data used 
or image ana i  ic  irect  re ate  to mage arit  are ac ire   canning t e 

intensity of radiation passing through the optical mask, shown as “Movement of optical 
mask” in Figures 3 and 4  ea rement o  mage arit  mage arit  (n)  i  

etermine  mat ematica   t e e ation presented as equation (1). The largest amount 
o  ig t recei e   t e ig t rece tor i  t e maximum light intensity, Mn. The least amount 
o  ig t recei e   ig t rece tor i  t e minim m ig t intensity, mn. “n” is o tica  ma  
line width. 
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Referring to Figure 3, for a test specimen such as a perfect mirror, where the reflected 
image a ear  c ear an  i tinct at t e o tica  ma  t e image o  t e o rce a ert re-slit is 
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Figure 5: Reflective Test Specimens 

The specimens were measured for Gloss at 60  and 20  in accor ance it  S  ii 
an  mage arit  in accor ance it  S  iii  ing an mage Clarity Meter Model 

-1T1. The e ata are re ente  in a e . 

ne o er e  t at t e o  a e  at  are nearly the ame  a ro imate    
Whereas the Gloss values at 20  an  t e mage arit  a e  ot in e cen ing or er   
> A2 > A3 > A4. However the Gloss values at 20  o not o  an  o io  i erence  
Therefore, Gloss values at 20  and 60  do not conform to i a  im re ion  n t e ot er 
an  t e mage arit   a e  o  arge i erence  an  t o e i erence  

conform to visual impressions. 

Table1 Measured Values for Reflective Test Specimens 

Test Specimen A1 A2 A3 A4 

Gloss Value GU (60 )     

Gloss Value GU (20 ) 86.5 82.3   

mage arit    32.0  1.6 

3.2 A Comparison of Haze and Image Clarity 
Four different transparent plastic specimens (Figure 6) t at a e i erent a e a e  an  
mage arit  a e  ere e ecte  or t i  ana i  The specimens B1 through B3 are 

plastic films. Specimen B4 is an anti-glare film.  

 
Figure 6: Transparent Test Specimens 

By the visual assesment, specimens B1, B2 an   a e t e ame ig  mage arit  
The mage arit  a e  o  ecimen  i  i tinct  o er t an t e gro ing o  t e ot er 
three. e a e o  ecimen  i  are  i cerna e  S ecimen    a e o  a e 
values and specimen B3 has the highest a e a e . 

e i m  ere mea re  or a e a e  on a a e eter  -V32 in accordance with 
S  iv an  mage arit  in accor ance it  S   ing an mage arit  

eter o e  -1T. These data are presente  in a e . 
                                                 
1 an act re   S  e t n tr ment  o  t  S in -  o o  a an 
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e a e a e  increa e       an  mage arit  a e  ecrea e    
   i e c o ine   i a  im re ion increa e  ere ore ot  et  o  

measured values conformed to visual impressions. 

Table2 Measured Values for Transparent Test Specimens 

Test Specimen B1 B2 B3 B4 

a e a e ( ) 1.6 14.1 33.2  

mage arit   ( )   88.5 38.4 

However, in case of B4, the anti-g are i m  t e tran mitte  image i  o io  a ier 
and appears indistinct when compared to plastic film B2. The e a ation o  t e a e 
a e  ga e imi ar a e  o  a o t  or ot  ecimen  t t at re t oe  not con orm 

to visual impressions. n t e ot er an  t e mage arit   a e  ere  or  
and 38.4 for B4. This large difference in measured values conforms to visual impressions. 

rom t e e o er ation  an  re t  e conc e t at t e mage arit  a e  are e  
in the evaluation to determine the degree of glare. This is especially cogent for anti-glare 
films that have significant light diffusion properties. 

4. CONSIDERATION OF DIFFERENCES IN RESULTS DUE TO DIFFERENCES 
IN METHODS OF EVALUATION 

i erence  et een mea re  a e  o  o   a e com are  to mage arit  are e 
to differences in Measurement Principles. Gloss values are etermine   amo nt o  
reflected light within a small solid angle. n ot er or  o  arge  e en  on t e 
amo nt o  ig t re ecte   an o ect  a e i  e ine  a  ercentage o  ig t e iating  
more than  from the incoming light transmitted through test specimen. These metrics 
do not access or measure image clarity.  

on er e  mage arit  eit er re ectance or tran mittance mea rement  i  o taine  
 anti ing t e amo nt o  ig t tran mitte  t ro g  t e o tica  ma  at a artic ar 

spatial frequency. or e am e  in ca e o  mea ring mage arit  or o tica  ma  it   
mm i t  t e amo nt o  ig t tran mitte  t ro g  o tica  ma  i  t e greate t en 
image a ear   it in t e  mm tran arent art o  o tica  ma  an  t e etection is 
t e ma e t en image a ear   it in  mm oc ing art o  o tica  ma  n c  
ca e  mage arit  a e  i  e t e ig e t at   This phenomenon corresponds 
directly to the spatial frequency of the specimen texture. The degree of mage arit  i  
in ence   t e c earne  r ace irreg aritie  an  a ine  o  r ace  Gloss meters 
an  a e meter  o not correct  acce  t i  enomenon  mage arit  i  not t e ame a  
an  o  not e con e  it  o  or a e  

5. PRECISION OF MEASUREMENT DATA 
The confidence in a measurement system is directly related to its precision. e mage 

arit  eter a  e amine  or it  re eata i it  an  re ro ci i it  imit it   
ro a i it  in accor ance it  S  -1v . e re eata i it  r an  re ro ci i it  R for 
mage arit   re ection mea rements were performed at 6 different te t a oratorie  

for 6 different types of painted plates. or mage arit   tran mi ion  mea rements 
                                                                                                                                                    
2 an act re   S  e t n tr ment  o  t  S in -  o o  a an 
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were performed at 6 different te t a oratorie  ing 4 in  o  tran arent re in  e 
re eata i it  an  re ro ci i it  are re ente  in a e   

Table3 Repeatability and Reproducibility Data for Image Clarity 

Measurement 
Conditions 

C(0.5) C(2.0) 

r R r R 

Reflectance 0.2～0.3 0.7～1.9 0.6～0.7 1.0～2.3 

Transmittance 0.1～0.5 0.4～1.2 0.1～0.9 0.2～1.8 

6. CONCLUSIONS 
e e cri e  t e igni icance o  mage arit  e a ation  com ari on  it  tra itiona  
o  an  a e e a ation  mage arit  i  i e  e  a  an e a ation an  ana i  

tool in Sensory a ation  ince it ca t re  i erence  in i a  ro ertie  This is not 
o i e it  on  tra itiona  met o  o  e a ation   

 ne  ara igm o  a e ing t e a it  o  ini e  ing mage arit  e i er  to 
manufacturers the information and data that they need to perfect their materials and 
processes to perfect high quality finishes. i  tec ni e o er  igni icant  a a e 
in ormation t at i  not a ai a e rom con entiona  o rce  c  a  o  an  a e   
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Painting by Numbers: Transforming Fields and Edges to Vectors
Carinna PARRAMAN, Pa   an  i ae a 

e entre or ine Print e earc  ni er it  o  t e e t o  ng an  o er ton am  

ABSTRACT
e t eoretica  an  ractica  o ecti e o  t i  re earc  i  to gain a ee er n er tan ing o  

o  ica  art or  can e create  t at incor orate ot  ana og e aint  in  gra ite  an  igita  
ector  an  co  e e cri e  a  containing te t ra  or  a itie  

ontem orar  rinting a  e o e  a  a roce  t at i  ca a e o  rinting at area  o  co o r  
a ong i e te t  en  o  co o r  otogra ic image  n t e emerging  an   rint mar et  t ere 
i  no  a re irement to e e o  met o  t at can re ro ce te t re  t at a e t e oo  an  ee  o  
or e am e  r tro e  o  o  ma ter ainting  or create rea i tic em e i ment  on otogra  

e con ict et een te t re an  image i  more a arent ere t ere are contra t  e ge conto r  or 
attem t  are ma e to i ting i  re ie  rom a at ict re ane   e a earance o  a e a o  an  
e ge  ten  to am i  t e e ro em  

e t re i  a i a  attri te t at ena e   to i ting i  t e i erence  et een materia  
tance  or tance o t o  ic  a t ing i  or i  ma e  i enti  t e tr ct re an  a e o  o ect  

an  i criminate e ge  in a com e  ictoria  cene  n or er to gain an n er tan ing to create 
verisimilitude with materials, we can study lighting techniques, drawing and painting techniques used 

 arti t  a er   o man   or an   on ta e   a ong i e cienti t  or ing 
on man i ion an  te t re erce tion  ree main c aracteri tic  t at a e een i entifie  a  e  
in etermining t e a itie  o  a r ace te t re  a e  re etition an  e ge  an   at  

 e a er i  con i er e am e   arti t  o a e e ore  or e oite  t e e a itie  
in t eir or  an  o  t e e a itie  can e e  to e e o  met o  or image egmentation an  
alternative methods for driving computer numerically controlled (CNC) paths for lathes, plotters and 
printers.

n o r earc  or an i enti ication o  at are t e a ic con tit ent  to i enti  c a i  an  
re ro ce te t re  arr   i erentiate  et een image an  re re entation  an  t e e o  at 

e e cri e  a  rimiti e  to e cri e a a e  ere are t o rimar  c a e  o  a e rimiti e  
r ace a e   an  o metric   ecia  intere t  o metric rimiti e  in o e t e atia  

i tri tion o  a a e an  ector  to e cri e it  imen ion  a ong it  a ing an  te t re gra ient  
n re io  re earc  t e a t or  con i ere  o   o er ing t e r  tro e  o  ainter  

Parraman    image  are generate  t ro g  t e e o  ine  mo ation o  imi ar tro e  
an  a re etiti e o er a ering o  aint  n ire   t e metic o  ainting met o   arti t  c  a  

an og  an  Se rat  t e o ecti e or t e e eriment i  to create a ector ri en ainting mac ine 
t at a ie  a r  oa e  it  aint to a er in a met o ica  an  mec anica  a  et remain man 
ana ogo  i t a ector a roac  igita  ormat  i  ig  mac ine re eata e  t e re ting 
in i i a  ainte  r  tro e  ana og e  are not  e t  t e creation o  non ni orm t 
armonio  ainting e ect  acro  a er trate  t ro g  t e act ation an  acement o  t e r  

an  t e o  o  aint   
e are e e o ing a contem orar  a roac  t at i  a e  on ector or S  Sca a e ector 

ra ic  ic  ro i e  a et o  in tr ction  to ri e  at  n o t are rogramme  a ector 
at  i  a erie  o  mat ematica  e ement  t at e cri e a et o  ine  c r e  arc  an  a com ination 

o  a  to orm c o e  a e   at  can e tro e  to o tain i erent t ic ne  or co o r  or e  
a  in t or ot er e ement  c  a  re re  gra ient  in eig t  an  en  to inc e o acit  
an  tran cenc  e con i er a ector a e  ra ing i o o  a  igni icant to gaining an 
n er tan ing o  a ternati e a roac e  ic  rea  a a  rom i e  igita  creen re o tion  an  

halftones (analogue print resolution).  

a er  n rea   Painter  o  ea it  e  or  a e ni er it  Pre
o man  c ar  an  rgen e c   ric  o  t e e  rom e oei  a ter iece   nic  Pre te

or an  i iam  an  Peter err   S ani  Sti  i e rom e e  to o a   on on  ationa  a er
on ta e  artin   e Painte  P otogra  ec nica  ommona it  et een t e igita  om o ite an  t e 

Pre o ern Painting  or  on erence on cationa  time ia  erme ia an  e ecomm nication  anco -
ver: Canada.

o erta  at  an  S an  e erman   ti en or  e t re Perce tion  n ti en or  ect Perce -
tion in t e Primate rain  ite    a mer   ai er  S ringer Science ine  e ia

an  ic ae   e t re Perce tion  n nc c o e ia o  e ro cience  ite   eorge e man  m ter
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ABSTRACT 

This paper considers alternative approaches to image making and printing that moves from 
the on-screen representation of images and painting applications, to the physical generation 
and methods for surface deposition or 2.5D printing. The research investigates the 
application of new materials and print processes, as an alternative to four-colour separation 
and half-toning and departs from traditional halftone screening that uses a vector approach 
to image construction. The first aspect of the paper describes a non-photorealistic 
rendering image segmentation algorithm that is used to create a series of colour texture 
layers. The second part of the paper describes a preparatory UV curing additive that can be 
used to increase the textured qualities of the brush strokes.  

1. INTRODUCTION 

The theoretical and practical objective of this research is to gain a deeper understanding of 
how physical artworks can be created that incorporate both analogue (paint, ink, graphite) 
and digital (vector); and could be described as containing textural or 2.5D qualities.  

Contemporary printing has evolved as a process that is capable of printing flat areas of 
colour, alongside text, blends of colour and photographic images. In the emerging 2.5D 
and 3D print market, there is now a requirement to develop methods that can reproduce 
textures that have the look and feel of, for example, brushstrokes of old master paintings, 
or as created in a painting software. Current colour painting software tends to mimic how 
layers of colour are applied as if one were painting. Research so far has considered the 
shape of brushes, edges, opacity, pressure but less so about the textural qualities of the 
brush mark or the over-layering of layers of colour, or how to simulate watercolour, ink, 
oil paints and acrylics.	  	  

Texture is a visual attribute that enables us to distinguish the differences between 
materials (substances or substance out of which a thing is or is made), identify the structure 
and shape of objects, and discriminate edges in a complex pictorial scene. In order to gain 
an understanding to create verisimilitude with materials, we can study lighting techniques, 
drawing and painting techniques used by artists (Bayer, 2004; Hollman, 2004; Jordan, 
1995; Constable, 2007) along-side scientists working on human vision and texture 
perception. Three main characteristics identified as useful in determining the qualities of a 
surface texture are: value, repetition and edges. (Landy, 1996; Klatzky, 2010) In our search 
for an identification of what are the basic constituents to identify, classify and reproduce 
texture, (Marr, 1980) differentiates between image and representation, and the use of what 
he describes as primitives to describe a shape. There are two primary classes of shape 
primitive: surface based (2D) and volumetric (3D). Of special interest, volumetric 
primitives involve the spatial distribution of a shape and vectors to describe its dimensions, 
along with shading and texture gradients.  
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In previous research, the authors considered how by observing the brush strokes of 
painters, (Parraman, 2012; 2013) images can be generated through the use of lines, 
modulation of similar strokes and a repetitive over layering of paint. Inspired by the 
meticulous painting methods by artists such as Van Gogh and Seurat, the objective for the 
experiment was to create a vector-driven painting machine that applied a brush loaded with 
paint to paper in a methodical and mechanical way, yet remain human analogous.  

Whilst a vector approach (digital format) is highly machine repeatable, the resulting 
individual painted brush strokes (analogue) are not. We study the creation of non-uniform 
but harmonious painting effects across paper substrates through the actuation and 
placement of the brush, and the flow of paint.  We are developing a contemporary 
approach that is based on vector or .SVG (Scalable Vector Graphics), which provides a set 
of instructions to drive CNC paths. In software programmes, a vector path is a series of 
mathematical elements that describe a set of lines, curves, arcs, and a combination of all to 
form closed shapes. A path can be stroked to obtain different thickness or colours, or used 
as input for other elements such as pressure, gradients in height, and blends to include 
opacity and translucency. We consider a vector-based drawing philosophy as significant to 
gaining an understanding of alternative approaches, which break away from pixels (digital 
screen resolution) and halftones (analogue print resolution).   

2. RELATED LITERATURE 
Non-photorealistic rendering (NPR) is a body of research which interprets digital formats 
(captured visual scenes or original works) and renders them with an alternate artistic 
expression.  Typical source formats are pixel based images, although NPR can also be 
derived from 3D models and determined algorithmically without a prior source.   

The utility in NPR can be functional, for instance ‘unrealistic’ shading schemes aid in 
the visualisation of complex parts drawn in computer-aided design (Gooch et al, 1998).  
The utility of NPR can also be to provide a purely artistic interpretation from a source, or 
to provide interactive software tools to aid in the creation of stylised digital art works.  Of 
particular interest, a subset of NPR is stroke based rendering (SBR) which interprets pixels 
to strokes.  We consider strokes as analogous to vectors, representing a series of 
movements with magnitudes and directions.   

Often SPR seeks to emulate famous painterly styles, such as impressionism (Kasao, 
2006; Yang, 2008), oriental ink painting (Ning, 2011; Cheok, 2007), or pen-and-ink 
illustration (Winkenbach, 1994). In this way SPR is motivated to model characteristics of 
effectors (i.e. a horsehair brush), mediums (i.e. watercolour) and substrates (i.e. canvas) to 
synthesise a convincing screen based render (Curtis, 1997).  Our motivation is not to 
render the illusion of painterly styles with pixels.  Rather we explore the operation of print 
apparatus for the tangible production of texture, which originate in painterly styles.  As 
such the characteristics of effector, medium and substrate are inherent to the apparatus we 
use; we are focused on deriving the appropriate effector movement from digital sources.  

We draw on NBR literature for algorithms to determine image segmentation, stroke 
placement and stroke characteristics that are transferable to machine control, detailed in 
section [3].  We intend to send a printer a sequence of movements and gestures, rather than 
a field of pixels to raster to a screen or to scan on to a substrate.   

There are many examples of prior works that utilise a machine to produce art in more 
human analogous ways.  Lindemeier (2013) includes a review of early painting machines 
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and related artists; ‘eDavid’ (Lindemeier, 2013), ‘Paul’ (Tresset, 2013) and a humanoid 
robot (Kudoh, 2009) are painting machines that closer approximate human movement.  All 
three approaches utilise digital camera data to compare the working canvas against a 
digital source image.  These three approaches therefore attempt to emulate the progressive 
development of paintings, stroke by stroke, by utilising predominantly 2D visual feedback 
during operation.  In our approach we attempt to extract this chronological information 
from digital source images, by interpreting fields of pixels through segmentation and 
edges, to create a time-series composition of many-layered vectors.   We develop this level 
of automation so that we may later experiment with controlling the generation of texture 
and expressive mark making.   

3. IMAGE SEGMENTATION METHODOLOGY 
We have developed a methodology inspired by the NPR algorithms for texture 
directionality described by Kasao et al through several papers (Kasao, 2006; Kasao 1998a; 
Kasao1998b). We use the convolution of a source image for texture directionality and edge 
detection.  We implement a simpler K-Means clustering algorithm for image segmentation.   

As an iterative algorithm, the K-means clustering progressively divides an image up 
into a predetermined number of segmentations, with a result analogous to a paint-by-
numbers template.  We experiment with low numbers of segmentations, such as 16 or 20, 
as we expect to run each segmentation as a paint layer.  The segmentations do not 
necessarily map the spatial relationship of pixels, nor remain a fixed size of image 
partition.  The segmentations group pixels by their similarity in calculated properties.  
Each segmentation is re-evaluated to generate the average characteristics of their assigned 
pixel grouping, thus altering the subsequent criteria for pixel assignment.  The iterative 
algorithm ends when no more pixels are eligible to be reassigned, and therefore the 
segmentation averages have attained stable characteristics.   

The segmentation minimises the Euclidean distance of six variables; x coordinate 
distance between a pixel and a possible segmentation centroid x coordinate (Dx), y 
coordinate distance between a pixel and possible segmentation y centroid coordinate (Dy), 
a pixel edge strength versus a possible segmentation average edge strength (De), a pixel 
texture directionality versus a possible segmentation average texture directionality (Dd); 
and the distance in colour space between a pixel hue, saturation brightness value, against 
the average hue, saturation brightness of a possible segmentation (Dh, Ds, and Db 
respectively).  

The variables Dx, Dy, De, Dd, Dh, Ds and Db are given weighted influence by a fixed gain 
value, Kx, Ky, Ke, Kd, Kh, Ks, Kb respectively.  In this way, an image can be segmented 
with little regard for pixel spatial relationship (Kx, Ky as small values, 0.01 works well), 
and high regard for texture directionality and edge strength (Ke and Kd as large values, such 
as 2.5).  The Euclidean distance is thus calculated between each pixel and each 
segmentation (Dps) as:  

 

 

 

 

In previous research, the authors considered how by observing the brush strokes of 
painters, (Parraman, 2012; 2013) images can be generated through the use of lines, 
modulation of similar strokes and a repetitive over layering of paint. Inspired by the 
meticulous painting methods by artists such as Van Gogh and Seurat, the objective for the 
experiment was to create a vector-driven painting machine that applied a brush loaded with 
paint to paper in a methodical and mechanical way, yet remain human analogous.  

Whilst a vector approach (digital format) is highly machine repeatable, the resulting 
individual painted brush strokes (analogue) are not. We study the creation of non-uniform 
but harmonious painting effects across paper substrates through the actuation and 
placement of the brush, and the flow of paint.  We are developing a contemporary 
approach that is based on vector or .SVG (Scalable Vector Graphics), which provides a set 
of instructions to drive CNC paths. In software programmes, a vector path is a series of 
mathematical elements that describe a set of lines, curves, arcs, and a combination of all to 
form closed shapes. A path can be stroked to obtain different thickness or colours, or used 
as input for other elements such as pressure, gradients in height, and blends to include 
opacity and translucency. We consider a vector-based drawing philosophy as significant to 
gaining an understanding of alternative approaches, which break away from pixels (digital 
screen resolution) and halftones (analogue print resolution).   

2. RELATED LITERATURE 
Non-photorealistic rendering (NPR) is a body of research which interprets digital formats 
(captured visual scenes or original works) and renders them with an alternate artistic 
expression.  Typical source formats are pixel based images, although NPR can also be 
derived from 3D models and determined algorithmically without a prior source.   

The utility in NPR can be functional, for instance ‘unrealistic’ shading schemes aid in 
the visualisation of complex parts drawn in computer-aided design (Gooch et al, 1998).  
The utility of NPR can also be to provide a purely artistic interpretation from a source, or 
to provide interactive software tools to aid in the creation of stylised digital art works.  Of 
particular interest, a subset of NPR is stroke based rendering (SBR) which interprets pixels 
to strokes.  We consider strokes as analogous to vectors, representing a series of 
movements with magnitudes and directions.   

Often SPR seeks to emulate famous painterly styles, such as impressionism (Kasao, 
2006; Yang, 2008), oriental ink painting (Ning, 2011; Cheok, 2007), or pen-and-ink 
illustration (Winkenbach, 1994). In this way SPR is motivated to model characteristics of 
effectors (i.e. a horsehair brush), mediums (i.e. watercolour) and substrates (i.e. canvas) to 
synthesise a convincing screen based render (Curtis, 1997).  Our motivation is not to 
render the illusion of painterly styles with pixels.  Rather we explore the operation of print 
apparatus for the tangible production of texture, which originate in painterly styles.  As 
such the characteristics of effector, medium and substrate are inherent to the apparatus we 
use; we are focused on deriving the appropriate effector movement from digital sources.  

We draw on NBR literature for algorithms to determine image segmentation, stroke 
placement and stroke characteristics that are transferable to machine control, detailed in 
section [3].  We intend to send a printer a sequence of movements and gestures, rather than 
a field of pixels to raster to a screen or to scan on to a substrate.   

There are many examples of prior works that utilise a machine to produce art in more 
human analogous ways.  Lindemeier (2013) includes a review of early painting machines 
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Dps =  
 

The smallest Dps value assigns the pixel to the related segment cluster.  We have used 
values Kx = , Ky = , Ke = , Kd = , Kh = , Ks = , Kb = to good effect.  

The completed segmentation combined with the pixel edge strength and texture 
directionality provides useful data for machine control.  Each segmentation provides the 
average hue, saturation and brightness values for the assigned pixels, creating a finite 
palette of colours (equal to the number of segmentations) to paint.  The segment average 
edge strength value provides the order in which to conduct the painting, where strong 
edges are likely to be outlines or highlights, and performed last in the painting order.  The 
segment average edge strength also provides a means to select a brush size, where low 
edge strength indicates a uniform area of an image, and so a large brush and a low density 
of strokes per canvas size can be adopted.  Importantly, the information relating to 
individual pixels is preserved, so the brush stroke length and direction can be mapped from 
a pixel texture directionality and edge strength, creating a non-uniform characterisation of 
strokes within a single segmentation of pixels.  

4. DEVELOPMENT OF INKS 

The second aspect of this project is the development of a water-based UV LED curable 
medium that can be added to artist’s inks and pigments to create a UV curable paint. In 
normal UV resin bases for inks and paints, the viscosity of the individual components are 
as low as possible to ensure satisfactory production as well as good flow behaviour of the 
liquid formulation.  However in this application, the resin needs to be viscous in order to 
hold the texture of the paintbrush mark when the ink/paint is deposited. 

UV LED systems potentially offer a greener alternative to conventional mercury vapour 
lamps used to UV cure coatings for ink, wood/furniture, electronics and other industries. 
The main advantages of the LED lamps are that they are more energy efficient – using up 
to 60% less energy than mercury UV lamps, more cost efficient – lamp lifetimes of up to 
10,000 hours, and more environmentally friendly – irradiation in the near visible region 
(380-410 nm), no formation of ozone when curing in air and no mercury lamps to dispose 
of at the end of their life. 

In the current formulation, the medium contains a hydrophilic aliphatic urethane 
acrylate solution in water, containing 50% acrylated products. This has a 95% solids 
content and so is easily diluted with water. Tripropylene glycol diacrylate (TPGDA) acts 
as a reactive dilutant monomer that also promotes adhesion to substrate, hardness and 
scratch resistance of the cured layer (Mashouf, 2014). Other additives are used to further 
increase adhesion to substrate and flow of the medium.  

Because of the long wavelength absorption characteristics, which are also better suited 
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to commercially available LED’s, acylphosphine oxides are particularly useful for the 
polymerization of pigmented formulations where irradiation at longer wavelength is 
desired. This family of photo initiators are used due to the high reactivity of the photo 
chemically formed phosphonyl radicals that arise from the high electron density at the 
phosphorus atom. Furthermore, the pyramidal structure of the radicals provide more 
favourable steric conditions for the unpaired radical site to react with monomers to initiate 
and propagate the polymerization reaction (Yagci, 2012).  

A tertiary amine, N-vinyl pyrrolidinone (NVP), is used in the formulation to help in 
overcoming oxygen inhibition (Husar, 2014). Oxygen inhibition is due to the fact that 
molecular oxygen, at ambient conditions, exists as a diatomic molecule with a triplet 
diradical electronic ground state. Due to these triplet and radical characteristics, oxygen 
has high chemical reactivity towards the phosphonyl radicals created by the photo initiator, 
leading to the early termination of the polymerization reaction. (Miller, 2003) Therefore 
the free-radical photo polymerization reaction that occurs within the formulation can be 
inhibited significantly by oxygen in the atmosphere. The final ingredients in the UV LED 
formulation are mattefying silica to reduce the glossiness of the cured medium and the 
artist’s pigment/materials to colour the formulation.  

4. CONCLUSIONS 

The paper describes methods for segmenting an image using NPR algorithms that can be 
exported as vector or .SVG documents that provides a set of instructions to drive CNC 
paths to a painting rig. Philosophically, we believe an image originally composed or 
acquired as vectors provides a richer description of an image, which would be especially 
suited to machine production. Through a process of segmentation and edges, fields of 
pixels are transcribed into many-layered vectors. The NPR algorithms are the starting point 
to transcribe the vectors into textured brushstrokes using paint and a highly experimental 
printer rig. The printer rig is capable of applying multilayers of artist’s paints that include 
both traditional and UV curable inks (as described in section 4). The user is able to change 
the appearance of the layers ie. changes to translucency and viscosity by modifying the 
paints by hand, as well as change the direction of the brushstroke and the arc of the brush 
stroke by modifying the software, thus enabling the user to extend a greater control over 
the multi-layering process.  
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ABSTRACT
o o r i  not t e ro ert  o  o ect  ace  or r ace  it i  t e en ation ca e   certain 

a itie  o  ig t t at t e e e recogni e  an  t e rain inter ret  e co o r  o  t e en ironment 
in ence o r e erience  o  ig t an  t e nee  or ig ting  an  ice er a  t e a itie  o  ig t are 
e entia  or o r erce tion an  e erience o  co o r  ere ore  ig t an  co o r are in e ara e  

ecent t ie  t t e ot ig t on con i ering im taneo  ot  co o r an  ig t e to t eir 
im ortance or arc itect re an  t eir e ect on t e a it  o  i e o  er  a  e  a  on t e minimi ing 
energ  con m tion in i ing  e interaction et een ig t an  co o r mig t ca e co o r i t 
especially in interiors situated under different light sources having different colour temperatures.

n or er to carr  o t com re en i e ana i  a o t t e im act o  ig t on t e co o r erce tion  
t ere i  a nee  to merge a itati e an  antitati e a roac e  t e trengt  o  ot  co  ro i e 
t e e t n er tan ing  t t e mi e  met o  a roac  ic  a ociate  ot  a itati e an  

antitati e e a ation o  t e i a  en ironment a e een e  to an er t e o o ing e tion  
o  i  t e erce tion o  co o r in ence   t e co o r tem erat re  o  ig t  e ig t in t i  

ca e i  a mi t re o  irect ig t an  ig t re ecte  rom a co o re  aca e  
e mo e  in t e ca e  a  e  it a o e  a com orta e o er ation o  an o t oor aca e 

a  e  a  t e interior  e e eriment a  carrie  o t ring t e e i ition entit e  o o r in t e 
cit  at ron em  n t orening an  it a  on ore   t e or egian e earc  o nci  a  a art 
o  t e o ca e  re earc  a  acti it

 am e it  t e re erence co o r a  ace  in t e ir t room a ing arge in o i e 
opening toward the street; 14 colour samples were placed in the adjacent room with no opening to the 
treet t i minate   t e ite ig t  rom tran cent cei ing  e i itor  co  e er e i  

and in which way the colour perception depends on the colour temperature of the light. The experiment 
a  een re eate  it  t ree i erent aca e  e o  ar  re  an  ig t e  omet ing t at ena e  

te ting o  t e im act o  t e co o r o  t e a a e  e i itor  ere a e  to a e  ic  o  t e  
co o r am e  oo  mo t imi ar to t e re erence co o r

e re t  o  t at ot  co o r tem erat re o  ig t an  co o r o  a a e  a e ignificant im act 
on t e erce tion   a  tronger e ect  t a  a o o n  t at t e n ance  i t  to ar  t e ame 
irection it  t e ame co o r tem erat re o  ig t or eac  a a e   imi ar ten enc  a  o er e  

for the hue. The statistical analysis that is in process at the moment will result with trustworthy and 
reci e re t  t at e i  e a  to re ent at t e  con erence
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S a nam , ar ara S in a S   
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(NTNU) 

ABSTRACT 

The present paper reports the findings from a scale model experiment dealing with the 
assessment of colour under different colour temperatures of light. The data presented in 
this paper is a part of the findings from a large experiment. The mixed methods approach, 

ic  a ociate  ot  a itati e an  antitati e e aluation of the visual environment 
a e een e  to an er t e o o ing e tion  How is the perception of colour 

influenced by the colour temperature (CT) of light? The light in this case is a mixture of 
direct light from a light panel and light reflected from a coloured facade. A questionnaire 
was used to assess nine alternatives; each of them was a com ination o  one of three 
different colours of façade and one of three CTs of light. Forty-seven participants evaluated 
two different stimuli: Colour of façade and colour of light. i itor  o  t e e i ition 

artici ate  a  ect  in t e e eriment  

The experiment was carried out during the exhibition entitled “Colour in the city” at 
ron em  n t orening an  it a  on ore   t e or egian e earc  ouncil as a 

part of the yearly so called “research day” activities in Norway. 

e re t  o  t at ot  the colour temperature of light and the colour of façade, 
have significant impact on the colour erce tion   a  tronger e ect  t a  a o o n  
that the nuances shift toward the same direction with the same colour temperature of light 
or eac  a a e   imi ar ten enc  a  o er e  or t e e  e tati tica  ana i  

resulted with trustworthy and precise results that we are happy to present at t e -2015.  

1. INTRODUCTION 

o o r i  not t e ro ert  o  o ect  ace  or r ace  it i  t e en ation ca e   
certain a itie  o  ig t t at t e e e recogni e  an  t e rain inter ret  e co o r  o  t e 
environment influence our experiences of light and the need for lighting – and vice versa: 
the qualities of light are essential for our perception and experience of colour. Therefore, 
ig t an  co o r are in e ara e  ecent t ie  t t e ot ig t on con i ering 
im taneo  ot  co o r an  light due to their importance for architecture and their 

e ect on t e a it  o  i e o  er  a  e  a  on t e minimi ing energ  con m tion in 
i ing   

 it a  tate  a o e  ig t an  co o r are  o e er  arge  t o e arate ie  o  
research and most of the research deals with completely other questions than their spatial 
interaction r a  an  at ia  . Considering what was mentioned, the main 
research question is formulated as follows: 
   

How is the perception of colour influenced by light? 
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n or er to carr  o t com re en i e ana i  a o t t e im act o  ig t on co o r 
perception there is a need to merge qualitative and qualitative approaches since the 
trengt  o  ot  co  ro i e t e e t n er tan ing   mi e  met o  a roac  ich 

a ociate  ot  a itati e an  antitati e e a ation o  t e i a  en ironment  i  e 
used to answer the research questions.  

2. METHOD 

n or er to an er t e e tion  a mo e  it  t o room  in t e ca e  a  e  ac  
room 50cm x 50cm x 40cm re re ente  a i ing room m  m  m in t e  ca e to e 
arge eno g  to a o  a com orta e o er ation o  an o t oor aca e a  e  a  t e 

interior  e a  cei ing an  oor ere con tr cte  ing mm  oar  n t e 
outside the models were ainte  in ac  co o r an  on t e in i e t e  ere ainte  in gre  
NCS S 5500-N. 

 A sample with the reference colour NCS S 1500-N was placed in the first room having 
large window- i e o ening to ar  t e treet   co o r am e  a e  ere placed in 
the adjacent room it  no o ening to t e treet t i minate   t e ite ig t  
from translucent ceiling. The visitors could deserve if and in which way the colour 
perception depends on the colour temperature of ig t  e e eriment a  een re eate  
wit  t ree i erent aca e  e o  ar  re  an  ig t e  see Figure 3, something that 
ena e  te ting o  t e im act o  t e co o r o  t e a a e  e i itor  ere a e  to a e  

ic  o  t e  co o r am e  oo  mo t imi ar to t e re erence co o r. 

Table 1. 14 selected colour samples 

NCS Colour samples code 
NCS S 1505-  NCS S 1510-  NCS S 1515-  
NCS S 1505-  NCS S 1502-R NCS S 1510-B 
NCS S 1505-  NCS S 1502-R50B NCS S 1502-B50G 
NCS S 1505-  NCS S 1510-R60B NCS S 1500-N 
NCS S 1510-  NCS S 1510-   

 
 

 

 

 

 

 

 

 

 

Figure 1: Illustration of the model.              

 

Figure 3: Stimuli 2: Three facade colouration 
to test. From left to right: NCS S 5030-Y80R / 

NCS S 2002-B / NCS S 4030-Y30R. 

 

Figure 2: Stimuli 1: Three colour temperatures 
of light used in the experiment. 
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The experiment was carried out during the exhibition entitled “Colour in the city” at 
ron em  n t orening (Group 2014) an  it a  on ore   t e or egian Research 

Council as a part of the yearly so called “research day” activities in Norway, and the main 
o ecti e a  to e amine t e im act o  t e co o r tem erat re  o  ig t ig re  on 
visual perception of coloured surfaces in the scale model study. 

e ect  ere t e i itor  o  t e e i ition an  artici ant  of the research day, 
some of them were artists and researchers squinted with colour design or study. The aim 
was to have as many participants a  o i e  Since a  t e ect  recei ed all stimuli, this 
experiment had within- ect e ign  t was  actoria  a roac  an  a  o i e 
com inations o  in e en ent aria e  were i tri te  in a com ete  ran omi e  or er  

The experiment was independent of weather condition and time of the day. The light 
a  ro ce   t o i erent ig t o rce   a e  -spectrum light panel and 

 a e  P i i  e  Pilot study was done to select the colour samples from wide 
spectrum of hues and nuances, to ro i e a ina  c ec  of elements and instruments and to 
ensure a smooth conduct of the experiment. Then analysis of pilot study was done to find 
out whether further refinements were needed. During the pilot study the time required for 
running the experiment was also estimated.  

erimenta  e ign an  anning  S ect e ection  Sam e e ection  on ig ration 
of experimental set-up, Pilot study, Main study, Analysis and reporting were just different 
stages of this project necessary to ma e t e re t  more re ia e  

 

 
 

 

 

Figure 4: Flowchart of test administration stages (Bech and Zacharov 2007). 

The colour samples were chosen from the NCS colour selection, an  eca e o  t e time 
limitation of the experiment, it was necessary to narrow down from  to 14 samples. To 
ma e selection easier  t e ac ne  o  a  am e  was e t at the same level, namely  
The procedure or narro ing n m er o  am e  a  t e i a  a e ment   eo e 

o ere a e  ic  o  a arge n m er o  com ari on am e  in t e te t room oo e  
most similar to reference sample in the reference room. 

To ee  t e ame ig t e e  in ot  room  i minance a  mea re  in ot  room  or 
each façade. Two Philip hue lamps and two layers of diffusing paper were used in the test 
room to adjust the light level and to create e en ig t i tri tion. 

3. RESULTS AND DISCUSSION 

The overview of an er i tri tion i  o n in Figure 5. The graph indicates the answer 
i tri tion on a   a ternati e  

e e ect o  t e  o  ig t an  co o r o  a a e on t e re on e  a  te te   a 
Stuart- a e  te t St art  r i o- rti   ere a com te  S  a e i  
evaluated using the chi-  i tri tion  i  te t a o  on  air i e com ari on  an  the 

 

 

n or er to carr  o t com re en i e ana i  a o t t e im act o  ig t on co o r 
perception there is a need to merge qualitative and qualitative approaches since the 
trengt  o  ot  co  ro i e t e e t n er tan ing   mi e  met o  a roac  ich 

a ociate  ot  a itati e an  antitati e e a ation o  t e i a  en ironment  i  e 
used to answer the research questions.  

2. METHOD 

n or er to an er t e e tion  a mo e  it  t o room  in t e ca e  a  e  ac  
room 50cm x 50cm x 40cm re re ente  a i ing room m  m  m in t e  ca e to e 
arge eno g  to a o  a com orta e o er ation o  an o t oor aca e a  e  a  t e 

interior  e a  cei ing an  oor ere con tr cte  ing mm  oar  n t e 
outside the models were ainte  in ac  co o r an  on t e in i e t e  ere ainte  in gre  
NCS S 5500-N. 

 A sample with the reference colour NCS S 1500-N was placed in the first room having 
large window- i e o ening to ar  t e treet   co o r am e  a e  ere placed in 
the adjacent room it  no o ening to t e treet t i minate   t e ite ig t  
from translucent ceiling. The visitors could deserve if and in which way the colour 
perception depends on the colour temperature of ig t  e e eriment a  een re eate  
wit  t ree i erent aca e  e o  ar  re  an  ig t e  see Figure 3, something that 
ena e  te ting o  t e im act o  t e co o r o  t e a a e  e i itor  ere a e  to a e  

ic  o  t e  co o r am e  oo  mo t imi ar to t e re erence co o r. 

Table 1. 14 selected colour samples 

NCS Colour samples code 
NCS S 1505-  NCS S 1510-  NCS S 1515-  
NCS S 1505-  NCS S 1502-R NCS S 1510-B 
NCS S 1505-  NCS S 1502-R50B NCS S 1502-B50G 
NCS S 1505-  NCS S 1510-R60B NCS S 1500-N 
NCS S 1510-  NCS S 1510-   

 
 

 

 

 

 

 

 

 

 

Figure 1: Illustration of the model.              

 

Figure 3: Stimuli 2: Three facade colouration 
to test. From left to right: NCS S 5030-Y80R / 

NCS S 2002-B / NCS S 4030-Y30R. 

 

Figure 2: Stimuli 1: Three colour temperatures 
of light used in the experiment. 
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results are summed up in a e   i  a arent rom t e o  ro a i it  a e  ot  t e 
colour of the façade and the colour temperature of light, have significant effects on the 
answers, with a slightly stronger effect for CT. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: General overview about answer distributions.  

n t i  e eriment  a  t e co o r am e  a  t e ame ac ne  on t e n ance art t 
the chromaticity of colours was different. Figure 6 shows the average value of 
chromaticness. The differences in chromaticness of selected colour samples with different 
colours of façade are small and the yellow façade resulted with the lowest average of 
chromaticness. The differences due to i erent  o  ig t are igger, higher temperature 
contri te  to ig e t c romaticne .   

t o  t e three colours of façade, only yellow façade did not present in a way that we 
expect to a e een a ecte    o  ig t ig re  See Ta e  or i tri tion o  
answers of nuances for each stimulus. Up to now, the effect of each stimulus was analysed 

t there is another way of analysing data, the interaction o  ot  tim i or  a ternati e  
can e analysed separately. For example for e  a a e it   o    t e ten enc  o  
an er  i  to ar  t e e o i  co o r it   re  an  t e n ance to ar  t e ig er 
chromaticness. Full analysis of each alternative on NCS colour circle and triangle are 
a ai a e rom a t or  on re e t  

Table 3. Stuart-Maxwell analysis (probability values < 0.05 are considered as significant). 

Statistical Analysis 
Comparison     SM value d.f. Pro  

       13 3.3e-16 
     120.1  13 0 
       13 8.2e-12 

Light- e  re  aca e   13 e-16 
Light- e  yellow facade   13 4.0e-8 
Red vs. yellow facade   13 1.1e-  

Light blue 
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Figure 6: average of chromaticness under different stimuli. 
 

 

 

 

 

 

Figure 7: Effect of two stimuli on the hue: Colour of façade and CT.  

Table 4. Dominating answers for nuances with different stimuli 

Stimuli 
Colour of  facade o o r tem erat re o  ig t  

e o  Red Light Blue  6500 15000 
Dominating answer 

 - Nuances 
 -

1502 
 -

1510 
 - 

1510 
 -

1505 
 -

1502 
 -

1510 

Another part of the experiment was to use spectral power i tri tion a  a i a  
representative of light ectr m ro ce   a am  Figure 8 shows the relative intensities 
of a light source at each wavelength which was measured on the reference sample for three 
different colour temperatures of light in the same setting as evaluated in main experiment. 

e a it  o  ig t create   i erent ig t o rce  co  e compared in this graph. 

 

 

 

 

 

 

 

Figure 8: Spectral power distribution of light reflected from reference sample for three 
colour temperatures of light. 

As expected, the results show that the effect of CT of light plays an important role in the 
perception rather than the façade; this coincides with the subject’s answer.  
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answers of nuances for each stimulus. Up to now, the effect of each stimulus was analysed 
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can e analysed separately. For example for e  a a e it   o    t e ten enc  o  
an er  i  to ar  t e e o i  co o r it   re  an  t e n ance to ar  t e ig er 
chromaticness. Full analysis of each alternative on NCS colour circle and triangle are 
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Comparison     SM value d.f. Pro  
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Table 5. Comparison of CT (K) in 9 alt. as well as nutural facade with CT of light panel  

CT of 
light 
panel 

CT of light on 
reference colour 
With nutral grey 

CT of light on 
ref. colour with 

red facade 

CT of light on 
ref. colour with 
ig t e facade 

CT of light on 
ref. colour with 
yellow facade 

 2  23  43 2511 
6500* 60    6054 

15000* 12425 12530 1  12  
*After measuring spectra  i tri tion on t e ig t ane , it was found that the CT that was fixed on the light 
panel was not exactly equal with the measure   t e PR-655 SpectralScan. The panel displayed 6500 and 
15000  an  t e measured values were respectively  an   . 

4. CONCLUSIONS 

i  a er i c e  t e interaction et een ig t an  co o r on t e erce tion o  co o r 
surfaces. Two predictor  act a  in e en ent aria e  o o r o  a a e an  T of light. n 
this experiment we attempted to ma e t e mo e , the illumination and the outdoor 
environment a  rea  a  o i e. The results of this study lead to the following conclusions: 

 t e e ect of each stimulus was considered separately, the CT of light was found as 
most important predictor for the evaluations of all nine alternatives even though the colour 
of façade had effect as well. 

But if the interaction of CT of light and colour of facade for each alternative were 
considered then the shifts rom e o i  to i  en t e  o  ig t a  increa e  was 
regi tere  e i t to ar  i  stopped at the purple in the case of red façade, while the 
t o ot er aca e  contri te  to t e i t c o er to t e i . So the effect of façade is 

ea er than CT of light, e act  i e at e a e e erience  in it  real o erca t  
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Effects of Furniture Colour on Apparent Volume of Interior Space
ei i S  an  a ato S

i i ion o  n ironmenta  Science  oto Pre ect ra  ni er it

ABSTRACT
Since t e conce t o  inima i m a  o ari e  interior ace o  a o e a  ecome more 

com act t an e er e ore  ere ore  it a  ecome an im ortant i e o  to ma e interior ace 
appear spacious. Color of interior components is one of the most successful methods to solve it. There 
are many psychological effects of color; advancing color, receding color, expanding color, contracting 
co or an  o on  t goe  it o t a ing t at ome o  t em a  an im ortant ro e in interior ace  

o or o  a a  a oor an  a cei ing trong  in ence on an a arent o me o  a room  Some t ie  
a e een con cte  to e a ate t e e ect o  t e a  co or on t e a arent o me o  a room   

interior ace i  a  rni e  it i  c ear t at rnit re co or m t a o in ence on t e a arent 
volume of a room. However, only few studies have conducted with regard to the effects of furniture 
color. 

The purpose of this study is to evaluate the effects of furniture color on the apparent volume of 
interior space of a house.

A series of psychological experiments were conducted to evaluate the apparent volume of 
interior space using one-tenth scale models of the room measuring 2.4meters in ceiling height and 

meter  in i t  an  e t   rectang ar o i  im ating a e  or a ca inet a  ace  in t e ca e 
mo e  o  t e room  o or  e  in t e e eriment  ere re  e  ro n  ite  gre  an  ac  

ere ere ort t o e erimenta  attern  ma e  o  com ination o  t e i  co or  an  t e e en 
solids. The wall and the floor were painted in the achromatic color, N8. The magnitude estimation 
method was applied to evaluate the apparent volume of the room. A standard model simulating the 
room it o t t e o i  in i e an  a com ari on mo e  it  t e o i  in i e ere re ente  i e  
i e  ent  o ect  ere a e  to oo  into eac  mo e  in t rn t ro g  a ie ing a ert re in t e 

rear wall and to reply their apparent volume of the comparison model in comparison with that of the 
standard model.

t ine  o  re t  are a  o o
  t a  o n  t at t e ite o i  ma e interior ace a ear more acio  t an t o e o  an  
ot er co or  n t e ot er an  t e ac  t e re  an  t e ro n o i  ma e interior ace a ear 
cramped.
   or t e o i  im ating a e  t e ta er t e eig t o  t e o i  t e a arent o me o  interior 

ace ecome  more cram e
   or t e o i  im ating a ca inet  a  o i  e ce t or t e ite o i  ma e interior ace 
appear cramped in accordance with an increase in their volume, while the white ones hardly made 
interior space appear cramped regardless of their volumes.
  n ca e o  t e o i  a ing t e ame o me  interior ace ace  t e o i  im ating a e  
a eare  more cram e  t an t o e ace  t e o i  im ating a ca inet

 

 

Effects of Furniture Colour on Apparent Volume of 
Interior Space 

ei i S  a ato Sato 

i i ion o  n ironmenta  Science  oto Pre ect ra  ni er it  

ABSTRACT 
This study was conducted to evaluate the effects of furniture colour on the apparent 
volume of the interior space of a house. Psychological experiments were conducted using 
one-tent  ca e mo e  o  a room  t a  o n  t at ite o i  ere o n  to ma e the 
interior space appear more spacious compared with the other colours. As for the solids 

e  to im ate e  t e ta er t e o i  t e a arent o me o  interior ace ecome  
more cramped. As for t e o i  e  to im ate ca inet  a  o i  e cept for the white 
solids made the interior space appear cramped, and increasingly so with increasing volume, 
whereas the white solids hardly made the interior space appear cramped, regardless of their 
volumes. n ca e o  t e o i  a ing t e ame o me  interior space placed the solids 

e  to im ate e  a eare  more cram e  t an t o e ace  t e o i  e  to im ate 
ca inet  

1. INTRODUCTION 
Since t e conce t o  minima i m a  ecome o ar  t e interior ace  o  o e  a e 
ecome more com act t an e er e ore  ere ore  it a  ecome im ortant i e how to 

ma e interior ace  a ear pacious. Colours of interior components is one of the most 
successful methods for achieving this goal. There are many psychological effects of 
colour; advancing colour, receding colour, expanding colour, contracting colour and so on. 
It is evident that some of these effects play important roles in people’s perceptions of 
interior spaces. The colours of the walls, floor, and ceiling of a room have a strong 
influence on t e a arent o me o  t e room  Some t ie  a e een con cte  to 
evaluate the effects of the wall colour on the apparent volume o  a room  ne t  o n  
the effects of accent colour on the apparent distance to a front wall. Because interior spaces 
are usually furnished, it is clear that furniture colour must also influence the apparent 
o me o  a room  o e er  on  a e  t ie  a e een con cte  on t e e ect  o  

furniture colour on the apparent volume of a room.  

The purpose of this study is to evaluate the effects of furniture colour on the apparent 
volume of the interior space of a house. 

2. EXPERIMENTAL METHOD 
A series of psychological experiments were conducted to evaluate the apparent volume of 
an interior space using a one-tenth scale model of a room measuring 2.4 m in ceiling height 
and 3.6 m in width and depth. The walls and floor were painted in the achromatic colour 

  mino  cei ing com ri ing a mi  ite acr ic ate that transmitted light was 
included to maintain uniform interior illuminance. Fluorescent lamps of a high colour-
ren ering t e ere in ta e  a o e t e acr ic ate  e a erage interior i minance 
level was approximately 250 lx. Seven types of rectangular solids were placed in the scale 
model of the room, one at a time  to im ate rnit re iece  c  a  e  an  ca inet  
The six colours e  ro n  e  ac  gre  an  ite  used in the experiments were 
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re  e  ro n  ite  gre  an  ac  ere ere  e erimenta  attern  ma e  o  
com inations of the six colours and seven solids. A standard model simulating the room 

it o t a o i  an  a com ari on mo e  it  a o i  in i e ere re ente  i e  i e  
Figure 1 shows the experimental configuration, and figure 2 shows seven comparison 
models, each with a solid inside, and the dimension of the solids.  

e ect  con i te  o   ema e  an   ma e  rom t e –26 years age group. The 
ect  a  no co o r-vision deficiencies. The experimental patterns were randomly 

re ente  to eac  ect  The magnitude estimation method was applied to evaluate the 
a arent o me o  t e room  e  ect  ere a e  to oo  in i e eac  mo e  
t ro g  a ie ing a ert re in t e rear a  an  to re ort at t e  ercei e  to e t e 
volume of the comparison model relative to that of the standard model. The volume of the 
standard model was set to a reference value of 100.  

 

 

 

 

 
Figure 1: Experimental configuration. 

 

 

 

 

 

 

 

 

Figure 2: Comparison models with the solids inside the model and  
the dimension of the solids. 

3. RESULTS AND DISCUSSION 
3.1 Comparison of rectangular solids 

a e  o  t e “Magnitude average value” or “M value” for each colour and solid 
com ination  Red coloured had the highest average value an  lue coloured had the lowest 
average value for each solid. The white solids had the highest M values for all solids. The 

ac  re  an  ro n o i  a  t e o e t  a e  e ite o i  rig tne  a   
an  t e rig tne  o  t e ca e mo e  a  a   e ite o i  rig tne  a  c o er 
to t e a  rig tne  t an t e rig tne  o  an  ot er co o r  an  t ere ore  t e ite 
o i  em a i e  t e nit  et een t e ca e  mo e  interior an  t e o i  more t an t e 

ot er o i  i  i  e ie e  to e t e rea on t at t e white solids had the highest M 
values. The advancing–rece ing enomenon o  t e re  an  e co o r  a  a o 
o er e  o e er  ome o  t e ro n o i  a   values that were not lower than the 

e o i  e rea on or t i  i  t at  a t o g  ro n i  an a ancing co o r i e re  
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ro n gge t  t e i ea o  oo en rnit re   t e ro n o i  rare  ro ce  a 
ee ing o  trangene  an  ere e  noticea e t an t e re  o i  

Table 1. Magnitude average values by Solid colour and Comparison model. 
 

 

 

 

 

 

3.2 Differences in apparent volume with differences in height 
As for t e o i  e  to im ate e  t e ta er o i  o  a  co o r , the apparent volume 
o  interior ace ecome  more cram e  he differences in the M values of the different 
colours were not significant, ho e er  t e ac  o i  made the interior space appear more 
cramped than the white solids, even though the solids were 45-cm high. The results suggest 
t at it i  im ortant to a  attention to t e a ance o  eig t an  co o r en c oo ing a 
e  

As for t e o i  e  to im ate ca inet  t o com ari on  o  t e i erence  in 
a arent o me ere ma e to a e  t e e ect o  i erence  in ca inet eig t or t e 
same width. The results are shown in Figure 3. T-tests were conducted to clarify the 
re ation i  et een t e a arent o me an  t e co o r  n t e ca e o  o i   an   t e 
ro n an  gre  co o r  a  tati tica  igni icant e ect  e e  o  igni icance  on 

t e a arent o me  n t e ca e o  o i   an   a  co o r  except white had statistically 
significant effects. The wider the width of the solid, the apparent volume of interior space 
ecome  more cram e   a o i  o  greater eig t  i  mean  t at t e interior ace 

appeared more cramped with solids of greater volume, even for the same change in height. 
With the white solids, however, the apparent volume of the interior space was largely 
unaltered by changes in the solids’ heights, regardless of their width and volume, and the 
differences were not statistically significant. 

 

3.3 Differences in apparent volume with differences in width 
As for t e o i  e  to im ate ca inet  t o com ari on  o  t e i erence  in a arent 
o me ere ma e to a e  t e e ect o  i erence  in ca inet i t  or t e ame eig t  

The results are shown in Figure 4. The t-test results showed that, in the case of solids D 
an   t e re  ro n  an  gre  co o r  a  tati tica  igni icant e ect  on t e a arent 
o me  n ca e o  o i   an   t e re  e  ac  an  gre  co o r  a  tati tica  

significant effects. However, the white did not have a statistically significant effect in any 
case. As with the differences in apparent volume with differences in height, for all of the 
solids except the white solids, the taller the solid was, the apparent volume of interior 

ace ecome  more cram e   a o i  of greater width. With the white solids, however, 
the apparent volume of the interior space was largely unaltered by changes in the solids’ 
heights, regardless of their width and volume. These results indicate that the greater the 
volume of a solid, the a arent o me o  interior ace ecome  more cram e   
increa e  in o i  eig t or i t  n t e ot er an  t e ite o i  ar  ma e t e 
interior space appear cramped at all, regardless of differences in height or width. 

A B C D F G
Red 86.08 88.6

Brown 88.2 85.1 82.01
Blue 83.52

ac 84.3 88.45 80.05
Grey
White

    Maximum value     Minimum value

Comparison model

Solid
colour
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Figure 1: Experimental configuration. 

 

 

 

 

 

 

 

 

Figure 2: Comparison models with the solids inside the model and  
the dimension of the solids. 

3. RESULTS AND DISCUSSION 
3.1 Comparison of rectangular solids 

a e  o  t e “Magnitude average value” or “M value” for each colour and solid 
com ination  Red coloured had the highest average value an  lue coloured had the lowest 
average value for each solid. The white solids had the highest M values for all solids. The 

ac  re  an  ro n o i  a  t e o e t  a e  e ite o i  rig tne  a   
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e o i  e rea on or t i  i  t at  a t o g  ro n i  an a ancing co o r i e re  
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Figure 3: Differences in apparent volume with differences in height. 
 

 

 

 

 

 

 

 

 

Figure 4: Differences in apparent volume with differences in width. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Differences in apparent volume for horizontal and vertical solids 
of the same volume. 
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3.4 Differences in apparent volume for each solid volume 
T-te t  ere con cte  to c ari  t e re ation i  et een t e a arent o me o  t e 
interior space and the position ( ori ontal or vertical) of a solid of given volume in the 

ace  n t i  t  t e o i  e  to im ate e    an   ere ace  ori onta  
an  t e o i  e  to im ate ca inet     an   ere ace  ertically. The results 
are shown in Figure  n t e ca e o  o i   an   a t o g  ac  a  tati tica  
igni icant  t e i erence  in a arent o me ere ma  on t e o e  t can e 

conc e  t at t ere ere no i erence  et een t e ori onta  o i   an  t e ertica  
o i   n t e ca e  o   an   an   an   a t o g  t e e a  tati tica  
igni icant  t e ertica  o i  a  a ten enc  to ma e t e apparent volume of interior 
ace ecome  more acio  t an t e ori onta  o i  o  a  co o r  e e re t  

indicate that greater o me  o  ertica  o i  ten e  to ma e t e apparent volume of 
interior ace ecome more acio  t an greater o me  o  t e ori onta  o i   

 

4. CONCLUSIONS 
This study was conducted to evaluate the effects of furniture colour on the apparent 
o me o  t e interior ace o  a o e  e re t  can e mmari e  a  o o  

1) t a  o n  t at t e ite o i  ma e interior spaces appear more spacious than any 
other colors. ac  red and ro n solids made the interior space appear cramped. 

  2) As for t e o i  e  to im ate e  t e ta er t e o i  a  t e apparent volume 
o  t e interior ace ecome  more cramped. 

  3) As for t e o i  e  to im ate ca inet  a  o i  e ce t t e ite o i  ma e 
the interior space appear cramped, and increasingly so with increasing volume, whereas the 
white solids hardly made interior space appear cramped, regardless of their volumes. 

  4) n ca e o  t e o i  a ing t e ame o me  interior ace ace  t e o i  e  
to im ate e  a eare  more cram e  t an t o e ace  t e o i  e  to im ate 
ca inet  
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Figure 4: Differences in apparent volume with differences in width. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Differences in apparent volume for horizontal and vertical solids 
of the same volume. 
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Ideal GRID Model for Color Planning of Living Space
ien ein 

e artment o  n ormation omm nication  ine e t re ni er it

ABSTRACT
o or a  a e  ro e in a ing man en ironment  t e i a  en e i  an im ortant art 

o  man erce tion  it corre on  to t e a  eo e create an  e ign t eir i ing ace  n man  
c t re  aro n  t e g o e  i erent c t ra  tra ition  a e ma e e o  co or or ro ct a ication  
o  a  art  o  ai  i e  an  matter  o  comm nication  o or a  ometime  een e cri e  a  a 
matter o  in i i a  erce tion an  er ona  ie  t t i  t  c aim  to con e entia  ma e 

e o  co or c aracteri tic  in t e roce  o  r an e ign an  cit  anning  a e  on ina   
t i  re earc  e ore  co or a  a e  e ement in cit  anning  i ing on t e re io  ro o a  o  
an r an co or tem or t e it  o  ai ei  ai an  ic  inc e  a co or r e  i trict an  
neig or oo  co or ana i  an  an o era  cit  co or a o t a e  on t ree i erent mo e  o  co or 
arrangement  e  o or mo e  t e ine e i e ement  eor  an  t e rain o  co or  n 
overall Grid Model for Color Planning is suggested that uses hue, saturation and values to arrange 

atia  e ement  in a tematic a  an  can er e or r an co or e ign in i erent art  o  t e 
world, mapping out the tools and procedures that are necessary to identify the ideal color system for 

i erent r an tra ition  an  i e t e  itie  are etermining co or i entitie  re ate  to t e co or  
o  tra itiona  con tr ction  or a e  on t re oriente  ta  eogra ica  c imatic  an  c t ra  
in ence  a  a  in i i a  eat re  to t e a ic nction  o  an e ta i e  common in ra tr ct re  
creating a ni e a earance o  t e r an i ing ere  e ro o e  ri  o e  or o or 
P anning o  t i  re earc  gge t  to ma e e o  t e i entica  nction  o  comm na  in ra tr ct re  
recommen ing ita e co or com onent  or t e e i ting  ni e oca  an  tra itiona  or mo ern 
exterior design elements, and strives to develop a coherent color concept which translates the unique 
city characteristics into a comprehensive color code. Following the Grid Model of Color Planning, 
it can e e  in a  art  o  r an i e  tarting rom ma  ca e co or ana i  o  t e neig or oo  
regarding wall painting or garden architecture, street lamps and guidance systems; proceeding to 
me i m i e co or recommen ation  o  r an i trict  a ing co or to i trict irection  an mar  
ri ge  etc  to ar  arge ca e co or a ication o  t e cit  r an ace  c  a  co ore  a  
ine  an  ot er tran ortation tem  ic i ing  an  o on  i  rotot e can e ni er a  

a ie  to t e eman  o  citi en  or i e   integrating a ic re irement  o  t e comm nit  
t a ting to t e oca  or regiona  ec iaritie   t e re on i i it  or c  an im ortant  ong

term ro ect m t not e e t to i o ate  initiati e  it o  in o e a  ic a t oritie  an  ri ate 
artie  concerne  it  t e creation an  e ign o  r an co or ace  i e t e go ernment  re i ent  

architects, and others.
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PREFACE 

o or a  a e  ro e in a ing man en ironment : the visual sense is an important part of 
human perception; it corresponds to the way people create, design and communicate their living 

ace  n man  c t re  aro n  t e g o e  i erent c t ra  tra itions have made use of color for 
product applications of all parts of daily life, and matters of communication. Color has sometimes 

een e cri e  a  a matter o  in i i a  erce tion an  er ona  ie  t t i  research claims to 
con e entia  ma e e o  co or c aracteri tic  in t e roce  o  r an e ign an  cit  anning.
t suggests a layout for city color anning a e  on an o era  Grid Model that uses hue, saturation 

and values to arrange spatial elements in a systematic way, while integrating historical and culture 
eci ic eat re  t also refers to three different modes of color arrangement: The Color r er 

System, the Chinese Five- ement  eor  an  t e rain o  co ors. t i  a me  t at co or 
arrangement  a e  on a gri  mo e  can e applied on micro, medium and macro levels; expanding 
rom er ona  i ing ere to ic ace  an  to ar  a mega-level setting. While each level is 

mar e   i erent c aracteri tic  c  a  nctiona  ae t etic an  m o ic meaning  a gri -
a e  co or or er anning can e a te  not t to t e i erent e e  o  r an ace  t 

contribute to communicating a city’s color identity.

1. INTRODUCTION 

ri  tem  a e een inc e  in t e met o  o  r an e ign an  cit  anning or a ong time  
e o  cit  o  ang an ic  a  een ca e  i an ince t e ing na t  in t e o t

western part of China (today’s Sichuan province)  a o  in ig t into met o  o  r an e ign 
rom it  ear  eginning  i e its origin  go ac  a  ar a  to eo it ic time  ring t e ang 

Dynasty (618—  ang an a  regar e  a  one o  t e arge t citie  in t e or  m c  i e 
Constantinople ( tan ) and Baghdad. The structure of this early modern metropolis followed a
grid pattern of 108 quarters and two large mar et ace in its ea tern an  e tern art  i  in  

of model layout followed 
functionality regarding the placement 
o  t e m eria  Pa ace an  it  
imme iate a mini trati e an  r an 
environment; and it has served as a 
prototype in the city planning of 
several other Asian capitals, evident 
in t e cit  tr ct re o  oto a an  
Loo ing at mo ern a  e  or  
City, the island of Manhattan is called 

Figure 1: Grid city structures of Chang'an and Kyoto 
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the "Greatest Grid": Since its 
planning had started in 1811, these 
gri  ine  a e re em e  t e ocia  
architectural, financial and 
emotiona  ein  o  e  or  

r an i e  n act  gri  a e een 
applied in city planning throughout 
t e nite  State  nig t  airn  
2013). Grid systems also play an 
important role in modern graphic 
design.  age can e i i e  into 
nine art  it  t e e  o  o e 
diagonals and a guideline (Van de 

raa   The method results in 
margins with ratios of 2:3:4:6, 
where the original area has the ratio 

 n i  or  on t ogra
Tschichold appreciated this method 
and made it popular in his writings 
on the proportions and forms of 

oo s(Tschichold   
Rosarivo shows how many of the 
c a ic oo  ere e igne  ia a 
mo e e ca    

o ari o   n act  ri tian mon  ma e e o  mea rement  i i i e  t ree to create 
oo  t at ere o  accor ing to t e ri tian ait  remin ing o  t e o  trinit  i e  
ear  o  cro  a e een o n  ing  mm ine acing  t e met o  o  i i ing omet ing in 

eight art  triang ation  a  no n at t at time  an  t e n m er eig t i  a o  n m er it in 
ai m r e   o ern com ter gra ic  a o  to ma e e o  gri  tem  or a  in  

of layouts. Grid system functions include orientation, and in a neutral, mathematical sense, they 
are e entia  in i ing tr ct re  or man i ing ere  regar e  o  c t ra  or 
geogra ica  in entia  actor  e gri  ro i e  a e  e icient too  t at can e a ie  
under a variety of different conditions, for achieving clearly defined purposes of city planning in 
all parts of the world. But can it e ti i e  or co or anning  o  to e e o  a tan ar  mo e  
o  co or anning a e  on a gri  tem  a ica e or small scale to large scale r an ace  

. GRID S STEMS AND COLOR ARRANGEMENT 

City color planning is concerned with color selection for human living spheres. But how to find 
t e mo t ati ing o tion or a ett ement  o or or er tem  a e een e e o e  a ter t e 
natural color spectrum, or based on the measurements of human subjects’ visual responses to color.

i erent co or or er tem  a e een gge te   cienti t  t ro g o t t e cent rie  it  t e 
co or ace o  t e n e  co or tem eci ing co or  a e  on t e t ree co or imen ion  e  
value (lightness), and chroma (color purity) eing one o  t e mo t re ai ing one  o or or er 

tem  arrange co or n ance  a e  on i erent a roac e  e onent eor  t  e  an  
reen a  o o e  at  egree  on t o e ge  o  it  circ e  an  e an  e o  on t e ot er  

 

 

Figure 2: “Greatest Grid” –
urban structure of Manhattan, 

New York City, U.S.A.

     

Figure 3: 9-parts shaped 
grid by Van de Graaf 

 
Figure 4: Grid system

applied for ancient scrolls 
typography
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i e t e rain o  co or  o o  a co or or er a  it can e atc e  in t e nat ra  enomenon  
o or anning can ma e e o  t e irectiona  nction  o  a gri  an  a  a co or co e  or er  
o or or er tem  can e a ie  or cit  co or anning an  r an e ign ro ect   
i erentiating cit  center an  i trict  integrating neig or oo  an  an mar  an  

em a i ing irection  an  tra ic g i ance tem   re io  ro o a  o  an r an co or tem 
or t e it  o  ai ei  ai an  a  inc e  a i trict an  neig or oo  co or ana i  an  an 

o era  cit  co or a o t  ree i erent mo e  o  co or arrangement a e een ro o e : The 
tra itiona  ine e i e ement  eor  t e onent eor  an  t e rain o  co or  e 

ine e i e ement  eor  i  c o e  re ate  to t e t eor  o  in  an  ater eng S i  a 
traditional Chinese pattern of systematically understanding nature and natural events. The Chinese 

i e ement  eor  
associates the natural 
phenomena Wood (Blue-

reen a t  ire e  
South), Gold/Metal (White/ 

e t  ater ac ort  
an  art  e o enter  
with colors and the cardinal 
directions of the compass dial. 

ac  e ement an  it  co or are 
also associated with a range 
o  ot er c aracteri tic  i e 
taste, smell, shape, and much 

more  ea  in t e c oc i e irection  t e eor  i  a ie  o o ing t e ea ona  c ange  o  t e 
ear  S ring e reen  S mmer e  ate S mmer e o  a  ite  an  inter 

ac  t i  or er i  n er too  a  t e nat ra  con tr cti e c c e   econ  c c e ca e  t e 
"destructive cycle" is defined as controlling and restricting the element considered as opposed to 
t e re ai ing one  oo  e reen a t  contro  art  e o enter  ire e So t  
contro  o eta  ite e t  art  e o enter  contro  ater  ac ort  o  
Metal ite e t  an  contro  oo  e reen a t  an  ater ac ort  contro  ire 

e So t  e tem i  in e  to a person’s birthdate, o t at recommen ation  can e gi en 
or co or eci ion  contri ting to a armonica  a ance  i e  This color order is very helpful 

for color decisions made on a personal level (regarding room colors, clothing or things of daily 
e  t it cannot e genera i e  an  a ie  to ic ace A color concept for a metropolis 

  
 

 

  

  

  

  

Figure 7: Used grid system and proposed color order systems in Taipei, Taiwan.

Fig. 5: The Five Elements in 
the seasons

Fig. 6: The constructive and 
destructive cycles
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Figure 7: Used grid system and proposed color order systems in Taipei, Taiwan.

Fig. 5: The Five Elements in 
the seasons

Fig. 6: The constructive and 
destructive cycles

o  a e to e a more ni er a  a ica e system, adding an aesthetical dimension to 
function.

. GRID S STEM COLOR PLANNING AND CIT  IDENTIT  
o or anning or ic ace  includes functional, aesthetic and communicative goals: colors

can represent city districts in the four cardinal directions, traffic systems may provide orientation 
 ing t e e co or  em a i ing ri ge  ig a  etc  Aesthetic a e can e ac ie e   

ar ing co or a e  or o e  an  an mar  integrating a i trict  ecia  ig ig t  an  
armoni ing t e genera  ic a earance o  ace T e com ination o  gri  tem  an  co or 

or er tem  a o  gra ation  an  ca ing o  i erent i e  an  ratio  t can a o e a te  to 
a city’s layout, size, and specific proportional challenges of urban design.

t i  gge te  t at 
Grid Color Systems 
can er e or r an 
design in different 
parts of the world, 
providing colorful 
layouts that help to 
identify an ideal 
color concept for 

i erent r an life-
styles and traditions.

Cities are determining color identities related to the colors of traditional construction, or a e  on 
future-oriente  ta  geographical, climatic, and cultural influences all add individual features to 
t e a ic nction  o  an e ta i e  common in ra tr ct re  creating a ni e a earance o  t e 

r an i ing ere  e e actor  can con tit te imitation  or a ing t e o or ri  o e  
t they can a o e solved through it  e ca a i it  an  gra ation o  t e ri  S tem ma e it a 
e  too  t at can e i  e a te  to t e oca  c aracteri tic  an  circ m tance  rt ermore  

t e e i i it  o  t e Color ri  o e  a oi  creating in i ting i a e neig or oo  an  
construction t at o  e e e ing a city’s special profile. On the contrary: The Color Grid Model 
can integrate a city’s characteristic features and emphasize them as important parts of a city’s 
specific identity. From small scale to medium to large scale dimensions, the Color Grid Model can 
er e or in i i a  ic  an  r an ace co or o tion

. CONCLUSION 
e gri  tem i  an i ea  a e ine e rint  or rationa  arrangement  t ro g  t o g t  an  

it matc e  t e c aracteri tic  o  co or or er an  ariation  or an  rationa  a roac  to ti i e 
co or  t can create margina  e ect  or ace anning it  i erent nee  The proposed Grid 
Model for Color Planning of this research can integrate functions of communal infrastructure and 

ita e co or com onent  or t e e i ting  unique local and traditional, or modern exterior design 
e ement  t can e  to e e o  a co erent co or co e t at translates unique characteristics of a 
city into a comprehensive city color concept. The suggested ri  o e  o  o or P anning can e 
applied in all parts o  r an i e  tarting rom ma  ca e co or ana i  o  t e neig or oo  
regarding wall painting or garden architecture, street lamps and guidance systems; proceeding to 
me i m i e co or recommen ation  o  r an i trict  applying color to district directions, 

 

 

Figure 9: Proposed colored traffic signs in 
Taipei, Taiwan.

 

Figure 8: Proposed colored 
Traffic Guidance System in 

Taipei, Taiwan. 
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an mar  ri ge  etc  to ar  arge ca e co or a ication  in the city’s tota  r an ace  c  
a  co ore  a  ine  an  ot er tran ortation tem  ic i ing  an  o on  i  

rotot e o  ri  o e  o or P anning can e ni er a  a ie  t a te  to the local needs 
o  citi en  in e er  art o  t e or   integrating a ic re irement  o  a comm nit  i e 
re ecting oca  or regiona  ec iaritie   t e re on i i it  or c  an im ortant  ong term 

ro ect m t not e e t to i o ate  initiati e  it o  in o e a  ic a t oritie  an  ri ate 
artie  concerne  it  t e creation an  e ign o  r an co or ace  i e t e go ernment  

residents, architects, and others.
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Case Studies of Color Planning for Urban Renewal
Sari 

ac t  o  rt an  e ign  ni er it  o  a

ABSTRACT
n a an  en ironmenta  co or  e ecia  a a e co or a  een t o g t to e ri ate one 

for long time, then, we have not made consideration for harmony of façade color. Because of this, 
an ca e ct a  i e  in  rom t e ini tr  o  an  n ra tr ct re an  ran ort  ic  
r o e i  to ma e a ea ti  an ca e an  treet ca e  an  ma e c aracteri tic  o  eac  cit  an  

to n  Since t en  ome treet ca e  are getting etter  t ot er  are not
We investigated each city’s Landscape Planning, especially their color regulations. From these 

in e tigation  a mo t cit  a  imitation o  t e co or or t e a a e ing n e  o or S tem   
t in  t e imitation o  t e co or e ect  or on  t e i torica  cit  t not or ni e an ca e

So we research some unique case studies using color for the street scape.
ir t ca e t  i  irona in S ain   ear  ago  o  i ing  ere reno ate  an  at t e ame 

time  aca e o  t e treet a  rene a  an  co ore  e arc itect  o e  e   oma a a  anne  t e 
color, which idea was from the façade color of the old city. Nowadays, there are many visitors to see 
the colorful streetscape of Girona. This case is the successful case study of renovated city using street 
color.

Second case study is our university’s color planning for the student accommodation. We 
ere anning or t em or ome ear  i  ca e t  i  t e ame it ation a  irona  eca e 

t e i ing  ere reno ate  an  at t e ame time  t e a a e ere co ore  e a e ear  t at 
co ore  a a e gi e  t ent  c eer  an  t ent  o  i e to i e in  i  ca e t  in icate  t e 
im ortance o  t e co or an  one o  t e int or reno ation  eca e a an a  a ot o  i ing  i e 
t e e accommo ation ic  ere i t  or  ear  ago

ir  ca e t  i  o r ign anning or t e a it  in a an  i  ca e t  i  not aca e 
co or anning  t ign e ign  eca e e t in  t e ign e ign a o ma e  ni e c aracteri tic  or 
t e cit  it  t eir monoc rome oto  or t e ac i e an  art o t  or t e i e o  t e ign  t e e 
signs have good effects to environment and unique character, and made differences from other cities.

  o rt  ca e t  i  o r  co or e ign or t e itac i it  in a an  t i  a o not a a e 
co or anning  t it a o ma e ni e c aracteri tic  or t e cit  t o g  co or anning or t e  
an   to

With these case studies, it was showed that the power of the color is not a little. We hope the 
o er o  t e co or i  e e  more or ma ing eac  cit  more ni e an  ea ti

Case studies of Color Planning for Urban Renewal 

Sari  

ac t  o  rt an  e ign  ni er it  o  a 

ABSTRACT 

n ironmenta  co or e ign in a an  e ecia ly façade color, has ong een con i ere  
a matter of individual c oice  e an ca e ct a  a e  in   t e ini tr  o  

an  n ra tr ct re an  ran ort  t e rpose of which was to promote a more 
aesthetic approach to landscape and streetscapes, and also encourage the development 
of regional identity. We investigated each of these Landscape Plans, especially 
regarding the regulation of color, and determined that most towns use the Munsell Color 
S tem to manage a a e co or    o  them use this system. As already mentioned, 
color regulation is mostly determined through restrictions regarding Chroma, however, 
this does not necessarily help in developing local features. We researched some unique 
cases in which color regulation was used in the development of streetscapes. The first 
case study is Girona in Spain. 30 years ago, o  i ing  ere reno ate  an  treet 
façades were renewed and colored. The second case study is the University of 

a  co or anning or it  t ent accommodation facilities. The third case study 
i  t e ic ign tem in a  e o rt  ca e t  i  o r  co or e ign or 
the town of Hitachi. Again, it is not façade co or anning  t it e e  to create a 
unique local feature for the city through the graphic design or e  an   to  

it  t e e ca e t ie   o e to a e o n t at co or i  not a minor i e an  can e 
a e  too  in r an rene a  an  in creating a o iti e an  i e a irming en ironment

1. Background- the current status of local ordinance 

enera  ea ing  en ironmenta  co or e ign in a an  e ecia  a a e co or  a  
ong een con i ere  a matter of individual choice. Consequent  t ere a  een itt e 

thought of coordinating façade color at a civic level. Because of this, the Landscape Act 
a  a e  in   t e ini tr  o  an  nfrastructure and Transport, the purpose 

of which was to promote a more aesthetic approach to landscape and streetscapes, and 
also encourage the development of regional identity. This legislation a  on  een 
partially successful. 

 o  an ar   t ere ere  an ca e a mini trati e organi ation  in 
a an  an ca e a mini trati e organi ation  meaning a to n or cit  co nci  o  

ta e  it  managing t e oca  an ca e  Within these 568 organi ation  on   
to n  a e e e o e  a an ca e P an  in accordance with national legislation. 

We investigated each of these Landscape Plans, especially regarding the 
regulation of color, and determined that most towns use the Munsell Color System to 
manage a a e co or    o  them use this system, with, or e am e  a irecti e i e  
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it in roma  in ca e o  e  n ot er ca e  recommen ation  are a e  on 
color palette. 

Restrictions regarding color only seem to e in e ect or i torica  to n  an  
citie  t not or ni e an ca e  t ma  e er  e  for council administrators 

o are not con i ent ma ing ae t etic eci ions. However, the current legislation can 
e mi inter rete  to a o  an  co or to e e  it in t e imitation  an  to organi e 

t e e imitation  on t e a i  o  roma ma  e detrimental to developing design sense, 
and spoil the overall color harmony of a particular area. 

A survey was conducted using questionnaires in each of the 384 towns in 
 e a e  et er oca  eat re  ere t o g t to e en ance   t e 

an ca e P an  e  t an  an ere  e  an   an ere  o  or 
n eci e  Peo e ere a o a e  to ran  ic  oint  t ey thought were effective 

in developing features of the local area in the Landscape Plan. Among these points were 
i ing co or  eig t  a e an  ocation  e re on e  are o n in a e  o or 

ran e  ig e t  in icating t at oca  go ernment consider color to play a crucial role in 
ma ing t e mo t o  t eir oca  eat re   

Table 1: Average Rank 
(Which point is effective in developing features of the local area ?) 

Point erage an  
Building Color  1.8 
Building Height 3.3 
Building Shape 3.6 
Building Material  4.2 

t oor a erti ement   
Building layout  4.8 

i ing greening   
t er   

As already mentioned, color regulation is mostly determined through restrictions 
regarding Chroma, however, this does not necessarily help in developing local features. 
We researched some unique cases in which color regulation was used in the 
development of streetscapes. 

2. Case study 1 

The first case study is Girona in Spain. 30 ear  ago  o  i ing  were renovated, and 
street façades were renewed and colored. The arc itect  o e  e  oma a a  anne  
the color scheme, which originated from the fa a e co or  o  t e o  cit  n genera  it 
was usual for local governments to use white, or off-white, when repainting or coloring 

i ing  eca e it i  c ea  o e er in this case they did not do so, and used a 
ariet  o  co or  ic  o  a e een found in the old city, such as ‘almagro’, 

tra itiona  con i ere  t e co or o  co  oo  oc re  an  ienna re  oc re  ig re 
2 is a diagram of the color design, showing the sophistication of the color production; 
although not so many colors are used, there is nevertheless an impression of great 
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variety.  Nowadays, there are many visitors to see the colorful streetscape of Girona.�
an  to t i  cce  imi ar co or anning i  eing a ie  to area  o  

redevelopment on the other side o  t e ri er  n oma a a  ro ect  c emica  aint  
were used due to cost restrictions, however, the new development uses natural paints. 
This is a very successful instance of ur an reno ation integrating streetscape color 
design.

� � � Figure 1: Girona in Spain � � � � � Figure 2: Diagram of the color design 

3. Case study 2 

The second case study is the University of a  co or anning or it  t ent 
accommodation facilities. The planning for this too  e era  ear   it  irona  

i ing  ere reno ate  an  at t e ame time  t eir a a e  ere gi en a i erent 
co or  ro imate   ear  a e a e  ince t e ormitorie  ere i t an  t e 

m ing tem  ere o t o  date; renovation was needed. At first, it was planned that 
on  t e m ing o  e o erhauled, however the university decided to recolor the 
façades at the same time to highlight to students the renovation of their accommodation. 

e a e reno ate  a ro imate   i ing  er ear ince  t ere are a ot o  
student dormitories on our campus and it is im o i e to reno ate a  t e i ing  at 
the same time. 

e ore reno ation  t e a a e  ere eige or off-white. Although different 
colors were used to complement the concavo-con e  a e o  i ing  or ot er a a e 
features, the overall color harmony of each area was also considered. High Chroma 
colors were used, however these were carefully coordinated; for example, similar high 
Chroma colors are used for accents on adjacent i ing  to gi e a en e o  r t m  n 
some cases these accent colors are designed to appear as gradation from certain angles. 
Mainly warm colors were used, to foster a positive and pleasant atmosphere. 

The response from students is that the co ore  a a e  are c eer  an  ma e t e 
ormitorie  more a ea ing a  a itat  This case study is a good indication of the 

importance of color and is informative for other renovation projects, as there are many 
i ing  o  t i  in  t at ate ac  to  or  ear  ago

it in roma  in ca e o  e  n ot er ca e  recommen ation  are a e  on 
color palette. 

Restrictions regarding color only seem to e in e ect or i torica  to n  an  
citie  t not or ni e an ca e  t ma  e er  e  for council administrators 

o are not con i ent ma ing ae t etic eci ions. However, the current legislation can 
e mi inter rete  to a o  an  co or to e e  it in t e imitation  an  to organi e 

t e e imitation  on t e a i  o  roma ma  e detrimental to developing design sense, 
and spoil the overall color harmony of a particular area. 

A survey was conducted using questionnaires in each of the 384 towns in 
 e a e  et er oca  eat re  ere t o g t to e en ance   t e 

an ca e P an  e  t an  an ere  e  an   an ere  o  or 
n eci e  Peo e ere a o a e  to ran  ic  oint  t ey thought were effective 

in developing features of the local area in the Landscape Plan. Among these points were 
i ing co or  eig t  a e an  ocation  e re on e  are o n in a e  o or 

ran e  ig e t  in icating t at oca  go ernment consider color to play a crucial role in 
ma ing t e mo t o  t eir oca  eat re   

Table 1: Average Rank 
(Which point is effective in developing features of the local area ?) 

Point erage an  
Building Color  1.8 
Building Height 3.3 
Building Shape 3.6 
Building Material  4.2 

t oor a erti ement   
Building layout  4.8 

i ing greening   
t er   

As already mentioned, color regulation is mostly determined through restrictions 
regarding Chroma, however, this does not necessarily help in developing local features. 
We researched some unique cases in which color regulation was used in the 
development of streetscapes. 

2. Case study 1 

The first case study is Girona in Spain. 30 ear  ago  o  i ing  were renovated, and 
street façades were renewed and colored. The arc itect  o e  e  oma a a  anne  
the color scheme, which originated from the fa a e co or  o  t e o  cit  n genera  it 
was usual for local governments to use white, or off-white, when repainting or coloring 

i ing  eca e it i  c ea  o e er in this case they did not do so, and used a 
ariet  o  co or  ic  o  a e een found in the old city, such as ‘almagro’, 

tra itiona  con i ere  t e co or o  co  oo  oc re  an  ienna re  oc re  ig re 
2 is a diagram of the color design, showing the sophistication of the color production; 
although not so many colors are used, there is nevertheless an impression of great 
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Figure 3: Color design for Students Accomodation in the University of Tsukuba 

4. Case study 3 

e t ir  ca e t  i  t e ic ign tem in a  i  i  not a a e co or 
anning a  c  t ign e ign  ic   t in  can a o ay an important role in 

creating ni e c aracter in an r an en ironment. We planned and designed a sign 
tem or a rom  to  inc ing the creation of sign guidelines, and 30 

o  t e e ign  can e een aro n  t e e it  o  the train station in the town center. We 
t o g t er  ee  a o t t e ac gro n  co or o  t e ign an  eci e  on ar  gra  
a ter creating moc  or a ie  r e  so that the sign and its environment are 

armoni e  n t e ot er an  ign  nee  to stand out, and we there ore inc e  art
o t  it  t e ign  e e ere ma e it  natural materials such as stone and wood. 

e e art o t  on t e i e o  t e ign , and monochrome photos on the reverse side 
o  t e ign  a e contri te  o iti e  to the town’s environment and also give each 
sign a unique character. This sign tem a  een in entia  or ot er to n  in a an  
an  recei e  an a ar  rom t e a ane e Societ  or t e Science o  e ign in  

Figure 4: Sign Design for Tsukuba City
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5. Case study 4 

e o rt  ca e t  i  o r  co or e ign or the town of Hitachi. Again, it is not 
a a e co or anning  t it e e  to create a unique local feature for the city through 

t e gra ic e ign or e  an   to  

Because of a decline in a enger n m er man  rai a  ranc  ine  a e 
fallen into disuse, and the routes have come to e er e    ine  o e er  e  
are often less punctual than trains and therefore a e tro e retaining their customer 

a e  or t i  rea on  t e go ernment i  romoting t e  or  a i  ran it 
scheme, which repurposes unused railway line  a   ro te  t at cannot e e   
other road vehicles. 

n itac i  t e rai a  ranc  ine c osed in 2005. Following this, the city 
council, in conjunction with residents who live near the old line, developed a BRT and 
o icite  i  or t e ran ing an  gra ic design. We revised the winning designs for 

practical application to the BRT, including t e  to  an  ot er gra ic  e 
conce t  e in  o r e ign ere  
1. To spread awareness of the BRT among Hitachi residents  
2. To create a clear color scheme a e  on t e inning e ign  
3.To unify the graphics through the use of repeated design elements, such as color and 
shape

 o re ect oca  moti  in or er to ma e citi en  to a e t eir attac ment  to o r 
design and BRT.

The results were as follows:
1. A large BRT logo on the side an  rear o  t e e   

 e e o  a ig  c roma e an  im i ie  gra ic e ign   
3. The creation of a Hitachi BRT logo, repeate  on e   to  signs and other PR 
merchandise.  

 e creation o  i erent  to  e ign  using elements that reference local culture 
in the immediate area.  

e e ign a  een e  recei e   oca  re i ent  an  t e n m er o  
a enger  a  increa e  ma ing t e ine  more ro ita e  i  ca e o  t at 

high quality design and color planning can strengthen a local population’s relationship 
with their town and their environment, an  can e a o n  inancia  in e tment  

   

Figure 5: Color Design for Hitachi City Bus 

Figure 3: Color design for Students Accomodation in the University of Tsukuba 

4. Case study 3 

e t ir  ca e t  i  t e ic ign tem in a  i  i  not a a e co or 
anning a  c  t ign e ign  ic   t in  can a o ay an important role in 

creating ni e c aracter in an r an en ironment. We planned and designed a sign 
tem or a rom  to  inc ing the creation of sign guidelines, and 30 

o  t e e ign  can e een aro n  t e e it  o  the train station in the town center. We 
t o g t er  ee  a o t t e ac gro n  co or o  t e ign an  eci e  on ar  gra  
a ter creating moc  or a ie  r e  so that the sign and its environment are 

armoni e  n t e ot er an  ign  nee  to stand out, and we there ore inc e  art
o t  it  t e ign  e e ere ma e it  natural materials such as stone and wood. 

e e art o t  on t e i e o  t e ign , and monochrome photos on the reverse side 
o  t e ign  a e contri te  o iti e  to the town’s environment and also give each 
sign a unique character. This sign tem a  een in entia  or ot er to n  in a an  
an  recei e  an a ar  rom t e a ane e Societ  or t e Science o  e ign in  

Figure 4: Sign Design for Tsukuba City
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6. Conclusion 

The government has yet to devote serious attention to o  co or can e e  in r an 
design, and there is a misapprehension that using more color is good, when in fact it 
ea  to a ac  o  armon  it  t e e ca e t ie   o e to a e o n t at co or i  

not a minor i e an  can e a e  too  in r an rene a  an  in creating a o iti e 
and life-affirming environment. We hope that t e o er o  t e co or i  e e  more 
in t e roce  o  ma ing citie  ni e an  ea ti   
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Building Colours in Taipei – Taking Wanhua District as an Example
Chia-Chi CHANG, 1 ing ng  2 and i en 1

1 ra ate n tit te o  ie  Science an  ec no og  ationa  ai an ni er it  o  Science an  
Technology, Taiwan

2 ra ate n tit te o  o or an  mination ec no og  ationa  ai an ni er it  o  Science an  
Technology, Taiwan

ABSTRACT
o o r  o  r an i ing  are an e entia  actor a ecting t e a earance o  a an ca e  r an 

co o r  re ect a cit  image an  c aracteri tic  an  are re ate  to t e re i ent  ee ing  a o t t eir 
i ing en ironment  e to t e a t in tria  e e o ment in citie  o  ai an  in a ition to t e ac  

o  ro er r an anning an  t e ac  o  reg ation  an ca e  in eit er r an or r ra  area  a e 
ecome e  an  e  attracti e    one o  t e mo t im ortant i a  actor  in an arc itect ra  e ign  

co or can ea i  c ange t e im re ion o  a an ca e   n ort nate  t ere a  not een an r an 
co or tem e e o e  ecifica  or ai ei it  ing mo ern tec no ogie  o  t e 

o a re  t e i e  t i  t  in e tigate  t e i ing co o r age in an a i trict  one 
o  t e ear ie t e e o e  region  in ai ei  ere are a n m er o  i torica  o  i ing  in an a 

i trict  ro i ing a a e c e  or ten enc  in r an co o r age in t i  area  S ecific o ecti e  o  
t i  t  inc e a  to mea re an a  i ing co o r  on a n m er o  main roa   to ana e 
an  ten enc  o  t e co o r age ing  tem  an  c  to e e o  g i e ine  o  r an co o r 

aning or t i  area  e re ent re earc  e  t e co o r matc ing met o  intro ce   t e o o r 
P anning enter o  a an  toget er it  t e S o o r Scan  a co o r mea ring e ice or co ect-
ing ot  S a e  an   coor inate

Si  main roa  o  t e an a i trict ere t ie  in t i  re earc  inc ing ong a oa  
ang ing oa  an a oa  i in oa  ang a o e ar  an  i ang oa  re ting in a tota  

o   co o r  mea re   a re t  t e  e ang e a  o n  to a e a range rom  to  
egree  e ig tne  range a  et een  an   e c roma a e  ere o n  to e e er t an 

 o t o  t e co o r  ere arm co o r  it  ig  ig tne  an  o  c roma  e i ing  in t e 
nort  art o  an a i trict ere o n  to e ar er t an t o e ocate  in t e o t  o  t e area  g-
ge ting a ten enc  re ate  to t e i torica  ac gro n  o  t e region  i e ine  o  i ing co o r  or 
t i  area are ro o e  on t e a i  o  t e co o r r e  re t  an  t e recent c o ica  fin ing  
of colour harmony.
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ABSTRACT 

The study aims to investigate i ing colours in the Wanhau district of  Taipei. Aims of 
this study include (a) to create a palette of i ing co o r  on 6 main roads in Wanhua 
district   to ana e and improve the colour a ette ing  tem, and (c) to 
develop guidelines of r an colour planing for this area. n t e  main roads, a  i ing  
were measured colorimetrically, resulting in a total of 421 colours measured. According to 
the measurement results, most of the colours were warm colours, with high lightness and 
low chroma. i e ine  o  i ing co o r  or t i  area are ro o e  on t e a i  o  t e 
colour survey results and the recent psychophysical findings of colour harmony. And a 
psychophysical experiment was carried out to study colours emotion and colour preference 
or i ing co o r . 

1. INTRODUCTION 

o o r  o  r an i ing  are an e entia  factor affecting the appearance of a landscape. 
Urban colours reflect a city’s image and characteristics, and are related to the residents’ 
ee ing  a o t t eir i ing en ironment  e to t e a t in tria  e e o ment in citie  o  

Taiwan, in addition to t e ac  o  ro er r an anning an  t e ac  o  reg ation  
an ca e  in eit er r an or r ra  area  a e ecome e  an  e  attracti e   one o  t e 

most important visual factors in an architectural design, colour can easily change the 
impression o  a an ca e   n ort nate  t ere a  not een an r an co o r tem 
e e o e  eci ica  or ai ei it  ing mo ern tec no ogie  o  t e  nternationa  
ommi ion o  mination  o a re  t e i e  t i  t  in e tigate  t e i ing 

colo r age in an a i trict  ere are a n m er o  i torica  o  i ing  in an a 
i trict  ro i ing a a e c e  or ten enc  in r an co o r age in t i  area  

2. METHODS  

e re ent re earc  a o te  t e co o r matc ing met o  e e o e   enclos (2004) 
or r e  o  i ing co o r  in an a i trict  e S  n e  a tan ar  an ec  

o  t e at ra  o o r S tem  toget er it  t e S o o r Scan  a orta e co o r 
measuring device for collecting NCS values, were used during the colour survey. 

Si  main roa  o  t e an a i trict  inc ing ong a oa  ang ing oa  
an a oa  i in oa  ang a o e ar  an  i ang oa  ere r e e  to co er a 

large range of Wanhua District. The main colour that covers 4/5 exterior surface of each 
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i ing a  mea re  ing t e S an ec  an  t e S o o r Scan  e S ata 
co ecte  ring t e co o r r e  ere con erte  into  a e  or ata ana i  

       n a ition  in or er to study perceived colour emotion of i ing co o r  or an a 
District, this study also conducted psychophysical experiments on three main roads of this 
area, inc ing i in oa  ong a oa  and nming oa . A total of 62 i ing  
were evaluated. A total of  o er er  including 15 males and 15 females, assessed 5 
colour-emotion scales: warm-cool, heavy-light, active-passive, harmony-disharmony and 
i e- i i e   The categorical judgment method was used for data collection and analysis.  

3. RESULTS 

A total of 421 buildings were measured in colorimetric terms. As a result, most of the 
colours were found to have hue angles between 30 and 120 degrees, with lightness ranging 
between 30 and 94 (see Figure 1a) and chroma lower than 50 (see Figure 1b). Only a few 
colours were found to have chroma values higher than 50 for colours in the hue region 
from 30 to 120 degrees. In addition, the buildings in the north part of Wanhua District were 
found to appear darker than those located in the south of the area, suggesting a tendency 
related to the historical background of the region 
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Figure 1. Distribution of measured colours for 421 bulidings in (a) the lightness-hue 
diagram and (b) the chroma-hue diagram 

 
According to the results, most of the measured colours had a lightness ranging from 80 

to  acco nting or  o  a  co o r  mea re  o o e   t e range  to   
 to   an   to   a  o n in a e  a  gge ting t at mo t o  t e 
i ing co o r  ere ig t co o r  n terms of chroma, most of the colours were in the 

range  to   o o e   t e range  to   an   to   a  a e  
 o  i  gge t  t at mo t o  t e co o r  ere o -chroma colours. For hue, as 

a e  c  emon trate  it i  c ear t at mo t o  t e co o r  ere in t e range  to  
egree  acco nting or  o  a  co o r  mea re  gge ting t at mo t o  t e co o r  

were warm colours. 
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Table 1. Distribution of measured colours in terms of (a) lightness, (b) chroma and (c) hue 

(a) 

(b) 
Chroma range 0-10 10-20 20-30 30-40 40-50 50-60 60-  

Percentage        

(c) 
Hue range (in degree) 0-  -180 180-  0-360 

Percentage     
 

ne o  t e aim  o  t i  t  a  to im ro e t e co o r a ette accor ing to recent 
psychophysical findings of colour harmony (e.g.  an  o, 2006; S a  et al., 2010). 
Ba e  on t e e in ing  a n m er o  common rinci e  o  co o r armon  a e een 
identified:  

� a -hue and equal-chroma. Any two colours varying only in lightness tend to 
a ear armonio  en com ine  toget er  

� High lightness. The higher the lightness score of each constituent colour in a colour 
pair, t e more i e  it i  t at t e  i  a ear armonio  

� Unequal lightness scores. Small lightness variations (i.e., less than around 15 units of 
 co o r i erence  et een t e con tit ent co o r  in a co o r air ma  

reduce the harmony of that pair.  

ccor ing to t e e rinci e  it i  more i e  to create co o r armon  i  t e lightness 
of each constituent colour is enhanced (i.e. the “high lightness” principle) and chroma 
eing re ce  t e “equal chroma” rinci e   a e  in icate   of the measured 

colours had lightness values higher than 40. Thus, the recommended i ing co o rs 
should have lightness values higher than 40  a  i trate   t e green lines in Figure 2(a). 

e ig tne  range et een  an   is regarded as tolerable, a  o n  t e orange 
lines in the graph. Those having lightness lower than 30 are unacceptable  a  i trate   
the red lines. 

egar ing t e c roma  a e  o  t at  o  t e colours had chroma values lower 
than 30. ote  a  a e  in icate   of the colours had a hue range from 0 to 180 
degrees, most of which were in fact in the range from 30 to 120 degrees. Thus, the 
recommended i ing colours are those having chroma lower than 30 for hue angle 
ranging from 30 to 120 degrees, or those having chroma lower than 10 for the other hue 
region  a  i trate   t e green lines in ig re  e c roma range et een  an  
50 for hue angle ranging from 30 to 120 degrees  an  c roma range et een  an   or 
hue angle ranging from 0 to 30 and from 120 to 180 degrees, are regarded as tolerable, as 
i trate   t e orange lines. The rest of the areas shown in the graph are unacceptable, as 
i trate   t e red lines. 

Lightness range 20-30 30-40 40-50 50-60 60-  -80 80-  -100 

Percentage         

 

 

i ing a  mea re  ing t e S an ec  an  t e S o o r Scan  e S ata 
co ecte  ring t e co o r r e  ere con erte  into  a e  or ata ana i  

       n a ition  in or er to study perceived colour emotion of i ing co o r  or an a 
District, this study also conducted psychophysical experiments on three main roads of this 
area, inc ing i in oa  ong a oa  and nming oa . A total of 62 i ing  
were evaluated. A total of  o er er  including 15 males and 15 females, assessed 5 
colour-emotion scales: warm-cool, heavy-light, active-passive, harmony-disharmony and 
i e- i i e   The categorical judgment method was used for data collection and analysis.  

3. RESULTS 

A total of 421 buildings were measured in colorimetric terms. As a result, most of the 
colours were found to have hue angles between 30 and 120 degrees, with lightness ranging 
between 30 and 94 (see Figure 1a) and chroma lower than 50 (see Figure 1b). Only a few 
colours were found to have chroma values higher than 50 for colours in the hue region 
from 30 to 120 degrees. In addition, the buildings in the north part of Wanhua District were 
found to appear darker than those located in the south of the area, suggesting a tendency 
related to the historical background of the region 
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Figure 1. Distribution of measured colours for 421 bulidings in (a) the lightness-hue 
diagram and (b) the chroma-hue diagram 

 
According to the results, most of the measured colours had a lightness ranging from 80 

to  acco nting or  o  a  co o r  mea re  o o e   t e range  to   
 to   an   to   a  o n in a e  a  gge ting t at mo t o  t e 
i ing co o r  ere ig t co o r  n terms of chroma, most of the colours were in the 

range  to   o o e   t e range  to   an   to   a  a e  
 o  i  gge t  t at mo t o  t e co o r  ere o -chroma colours. For hue, as 

a e  c  emon trate  it i  c ear t at mo t o  t e co o r  ere in t e range  to  
egree  acco nting or  o  a  co o r  mea re  gge ting t at mo t o  t e co o r  

were warm colours. 
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(a) (b) 

Figure 2. Proposed guidelines in the form of (a) the lightness-hue diagram and (b) the 
chroma-hue diagram, where the areas divided by green, orange and red lines 
represent the recommended, tolerable and unacceptable building colours. 

 

According to t e g i e ine  o  i ing co o r anning a  i trate  in ig re   a  
an  , t e origina  a ette o  i ing co o r  ere re i e . ig re   a  an   o  t e 
i tri tion o  t e t o co o r a ette  t e origina  in gre  an  t e re i e  in e  in t e 

lightness-hue diagram and in the chroma-hue diagram, respectively. 

To see how much the revised colour palette has improved compared with the original 
a ette   an  o’s colour harmony model (2006) was used to calculate the predicted 

co o r armon  a e  a o ca e  t e  a e  or ot  co o r a ette  e ig er H 
a e eing re icte  t e more armonio  t e co o r com ination a ear   a e  

shows, the CH values are all higher for the revised colour palette than for the original 
a ette  or a  o  t e  main roa  in an a i trict  ccor ing to t e ta e  or ot  t e 

origina  an  t e re i e  co o r a ette  t e  a e i  t e ig e t or i ang oa  an  
t e o e t or ang ing oa  i  in ing i  er a  e to t e act t at t ere ere more 
ig t co o r  or i ing  on i ang oa  t an or t e ot er areas, and that there were 

more ar  co o r  or i ing  on ang ing oa  t an or t e ot er area  
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Figure 3.  Original colours (in grey) and of the enhanced colours (in blue) distributed in 
(a) the lightness-hue diagram and (b) the chroma-hue diagram 
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Table 2. CH values for the original and revised colour palettes for buildings on the 6 
main roads in Wanhua District 

 
ong a 
Road 

Guilin 
Road 

i ang 
Road 

ang a 
Boulevard 

ang ing 
Road 

Wanda 
Road 

All areas 

rigina  0.66 0.58   0.22 0.62 0.53 
Revised 0.80   0.53 0.35  0.66 

 

Moreover, 62 buildings of the Wanhua district were visually assessed by 30 observers. 
Most of the colours were found to have hue angles between 30 and 120 degrees, with 
lightness ranging between 20 and 95 (see Figure 4a) and chroma lower than 50 (see Figure 
4b). The tendency of results i  i e ig re  

   

(a) (b) 
Figure 4. Distribution of measured colours for the evaluated 62 buildings in (a) the 

lightness-hue diagram and (b) the chroma-hue diagram 
 

A  a e  o  t e a erage o  i e core are a  min  in the 3 roads. t indicates that 
o er er  i n’t i e i ing colours in Wanhua district especially in Guilin Road.  
ntere ting  ea  core in icate  t at o er er  e  a itt e ea  e t in  ro a  

have relations with some of old and dirty i ing . According to the result of correlation 
with colour emotions scales in Figures 5. Active and Harmony have high correlation 
(R2  it  i e  t in icate  t at i ing co o r are t e more acti e an  armon  t e 
more o er er  i e  e o o  t e g i e ine  o  i ing co o r anning a  i trate  in 
Figure   a  an  , to calculate the a erage o  i e cores for “recommended” and 
“unacceptable” building colours, as shown in Table 4. As a result, the mean 
“recommended” score is higher than the mean “unacceptable” score. 

 
Table 3. Average score of 5 colour-emotion scales for building colours on the 3 roads in 

Wanhua District. 

 
Li e core Harmony score Active score Heavy score Warm score 

ong a oa  -0.10 0.38 0.08 0.38 0.00 

Guilin Road -0.25 0.45 -  0.20 0.00 

nming oa  -0.15  -0.02 0.23 0.16 

All areas -0.16 0.46 -0.01 0.26  
 

 

 

 
(a) (b) 

Figure 2. Proposed guidelines in the form of (a) the lightness-hue diagram and (b) the 
chroma-hue diagram, where the areas divided by green, orange and red lines 
represent the recommended, tolerable and unacceptable building colours. 

 

According to t e g i e ine  o  i ing co o r anning a  i trate  in ig re   a  
an  , t e origina  a ette o  i ing co o r  ere re i e . ig re   a  an   o  t e 
i tri tion o  t e t o co o r a ette  t e origina  in gre  an  t e re i e  in e  in t e 

lightness-hue diagram and in the chroma-hue diagram, respectively. 

To see how much the revised colour palette has improved compared with the original 
a ette   an  o’s colour harmony model (2006) was used to calculate the predicted 

co o r armon  a e  a o ca e  t e  a e  or ot  co o r a ette  e ig er H 
a e eing re icte  t e more armonio  t e co o r com ination a ear   a e  

shows, the CH values are all higher for the revised colour palette than for the original 
a ette  or a  o  t e  main roa  in an a i trict  ccor ing to t e ta e  or ot  t e 

origina  an  t e re i e  co o r a ette  t e  a e i  t e ig e t or i ang oa  an  
t e o e t or ang ing oa  i  in ing i  er a  e to t e act t at t ere ere more 
ig t co o r  or i ing  on i ang oa  t an or t e ot er areas, and that there were 

more ar  co o r  or i ing  on ang ing oa  t an or t e ot er area  

0

10

20

30

40

50

60

70

80

90

100

0 30 60 90 120 150 180 210 240 270 300 330 360

L

Hue   

0

10

20

30

40

50

60

70

0 30 60 90 120 150 180 210 240 270 300 330 360

C

Hue   
(a) (b) 

Figure 3.  Original colours (in grey) and of the enhanced colours (in blue) distributed in 
(a) the lightness-hue diagram and (b) the chroma-hue diagram 
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(a) (b) 

Figure 5. Correlation between perceived colour preference and the other colour emotion 
scales: (a) active-passive and (b) harmony-disharmony. 

 

Table 4.   Average Like scores for “recommended” and “unacceptable” building colours  

  All areas recommended nacce ta e 
Li e core -0.13 -0.04 -0.31 

 

4. CONCLUSION 

This study investigated i ing colours in Wanhua District. According to the 
measurement results, most of the colours were warm colours, with high lightness and low 
chroma. Based on these results, together with recent colour harmony findings (  an  o, 
2006; S a  et al., 2010  g i e ine  o  i ing co o r  or an a i trict i  ro o e  
as illustrate  in ig re   a  an   And the result of experiment o  etter i e cores 
for i ing  using the “recommended” than the “ nacce ta e” colours. Future studies 
will focus on how the findings can generalise to other areas.  
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Pritzker Prize Laureates’ Colour Preferences
a ina 

Architect, Landscape Architect, Colour Designer
o or  ima Per  S  

ABSTRACT
t i  n e tiona e t at arc itect  re  in ac  t at t eir mo e  are a  ite an  t at 

t e  mani e t an incom re en i e o e or concrete   on e ent  in t e e ite o  t e Prit er r-
c itect re Pri e  t e ro e ion  ig e t onor ince  t e or  o  t e a reate  tan  o t or it  
co o r e  a earance  e rea on  co o r i  not notice  at fir t mig t e eca e it act  a  ne tra  

en ing in it  t e com o ition  
or t e r o e o  t i  t  it a  een im ortant to efine ac romatic  an  ne tra  in t e 

context of architectural colour. According to colour theory pure achromatics contain no hue or colour, 
t e e inc e ac  ca e  o  gra  an  ite   e tra  or near ne tra  e ten  to n ance  o  o  c ro-
maticit  a  ro n an  tan  ie  to i ing  ne tra  an  near ne tra  a o  ot er tone  to tan  
o t a  c romatic in t e com o ition  n er t i  rinci e  it i  o i e to cata og e ne tra  accor ing 
to context. 

e i tance or ca e o  erce tion e  in t e ana i  o  e am e  oc e  on t e i ing a  a 
o e t ree imen iona  e ement  con i ering t e etting  e o ect o  t e t  i  a am e o  ro -

ect   t e Prit er Pri e inner   e range o  or  ic  com o e  t e ort o io o  t e e ite i  a t  
e criterion or t e e ection i  oriente  to ar  t e co o r a ect o  t e ro ect   nitia  t e o rc-

e  ere t e or  ta  an  o ficia  e ite  ta  o  t e a ar ee  i  a ica e  in t e Prit er Pri e 
e ite   ater t e e ere com emente   ot er internet ite  an  i trate  i iogra   

A general impression led to catalogue the architects according to their preference for colour 
age   o r ten encie  or co o r age ere i entifie  co o r  ne tra   ac romatic  an  
ite   ac  ten enc  re re ente   ome arc itect  a  een commente  

n a ormer a er re ente  at   t e conce t o  co o ring mo e  a  e aine  a  t e 
manner in ic  co o r  are a ie  to i ing  a ecting t e erce tion o  orm   ccor ing to t e 
results, the colouring modes were: volume, surface, layer, structural (or syntax), decorative, neutral-
i ing an  ite  e re ation et een co o r ten enc  an  re erre  co oring mo e  eac  Prit er 
arc itect a  a o een commente  in t e re ent a er

e re t  are re re ente  in c art  an  gra  mong t t e e  arc itect  it i  e i ent t at 
sophistication in colour pairs up with high quality architecture.  Although the evolution of material 
tec no og  increa e  t e otentia  o  co o r age in i ing e terior  co o r a  an e entia  

e ign e ement i  not t e mo t common ten enc   e t  confirm  t e inc ination o  a gro  o  
o t tan ing arc itect  or t e t e co oration o  materia  on i ering t at  i  rom P i i  o n on to 
S iger  an t e co o r e  a  een rec rrent  co o r a n ance i  not en i age  

References
  rrarte ra    n t e on ing o  o o r an  rc itect re  o o ring o e  Stoc o m  S e en   

 o o r  ect  an  ect  nterim eeting o  t e nternationa  o or ociation  e Procee ing
  et    io ate  Per ection  rc itect re an  t e ragmentation o  t e o ern  e  or  i o i  
  oo aa   et a    o o r  em oo aa ma  orman o ter  e an ro en ini   a e  er in  o ton  

ir er
  enc o  P  enc o    e  o e r  e a rance  Pari  ition   onite r
 e o er     n  o o r  ecent i ing  an  nterior  er in  e ag a  ra n
 tt rit er ri e com  a t acce e   ct  

 

 

Pritzker Prize Laureates’ Colour Preferences 
Malvina -GRAU 

Architect, Landscape Architect, Colour Designer 
o or  ima-Peru, S   

ABSTRACT 

t i  n e tiona e t at arc itect  re  in ac  t at t eir mo e  are a  ite an  
t at t e  mani e t an incom re en i e o e or concrete   on e ent  in t e e ite o  
the Pritzker Architecture Prize, the profession’s highest honor since 1979, the work of the 
laureates stands out for its colourless appearance. The reason why colour is not noticed at 
ir t mig t e eca e it act  a  neutral  en ing in it  t e com o itions.  

For the purpose of this study it a  een im ortant to e ine achromatic and neutral in 
the context of architecture. According to colour theory pure achromatics contain no hue or 
colour, t near ne tra  e ten  to n ance  o  o  c romaticit  a  ro n an  tan  ie  
to i ing  ne tra  and near neutrals allow other tones to stand out as chromatic in the 
com o ition  n er t i  rinci e  it i  o i e to catalogue neutrals according to the 
setting.  

e o ect o  t e t  i  a am e o  ro ect   t e Prit er Pri e inner   e range 
o  or  ic  com o e  t e ort o io o  t e e ite i  a t  e criterion or t e e ection i  
oriented towards the colour aspect of the projects.  Initially the source was the ‘selected 
works’ section and ‘official website’ of the awardees (if applicable) in the Pritzker Prize 

e ite  eing ater com emente   ot er internet o rce . A general impression led to 
catalogue the architects according to their preference for colour usage.  Four tendencies 
were identified: chromatic; near neutrals for warm nuances of low chromaticity; 
achromatics, inc ing ac  and gray; and white  a  a -category of the achromatics. 
Common c aracteri tic  among t t e a reate  a e een ointe  o t  or a etter 
understanding of their approach to colour. 
 

1. INTRODUCTION 

n or er to find out if the preconception of non-coloured architecture amongst architects is 
certain  t e Prit er Pri e  one of the most important international recognitions in 
arc itect re  a  een e  a  an e am e o  the use of colour  a e ect gro  o  
architects.  e Pri e a  ir t gi en in  to P i i  o nson, author of the Glass House.  
The next year it was grante  to i  arragan  reno ne  or i  co o re  i ing  an  
exterior spaces.  e Prit er Pri e a  e ta i e   a  Prit er an  i  i e in  to 
enco rage an  in ire creati it  in t e ro e ion   ne n re  t o an  o ar  an  a 
ron e me a ion are grante  eac  ear  t e Prit er o n ation to ono r a i ing 

arc itect o emon trate  ta ent  i ion an  commitment  an  o a  contri te  to t e 
world and to humanity through the art of architecture. Until 2014, the laureates total thirty-
seven architects from four continents.  

Since ancient time  tone  eart  oo  an  egeta e i re  a e een t e com onent  
o  i ing  an  t e oint o  e art re o  arc itect ra  co o r   o a a  roce e  
construction materials and finishes come in a range o  o tion  rom t o e ic  re em e 
the natural to the most sterile and artificial ones. Both natural and processed materials may 

125
AIC2015 TOKYO - Color and Image



 

 

er e t e r o e o  com ementing i ing e terior  e icate  ec oing t e 
rro n ing  re ecting  en ing in  ea ing a te t re or ma ing contra t   e co o r  o  
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ac romatic  contain er  itt e or no c roma  e e are re ce  to ac  ite an  a e  
of grey, allowing slight variations in tone. Near neutrals are low in saturation. Within the 
architectural context these are often related to local materials, climate and geology. The 

ectr m o  near ne tra  co o r  arie  rom er  ig t to ar  n ance , including those of 
soil, mud, ric  and stone, wood and rust.  

2. METHOD 

Colour tendencies amongst Prit er a ar ee  a e een ana e   reviewing t e or  
of each architect, main  t ro g  internet o rce  t e Prit er Pri e o icia  e ite  t e 
architects’ websites -if a ica e-, and complementary information. After the revision, 
fo r o i i itie  a e een ro o e  a  ten encie  o  co o r e an  a e e  it  initia : 
C for chromatic; N for near neutral, which include natural materials of warm hues; A for 
achromatic, including a e  o  gra  ac  an  materia  c  a  g a  tee  an  concrete  
an  ina   or ite  ett e  a art a  a -category of the achromatics.  

i  t  i  a e  on t e e terna  a ect o  i ing  e range o  i e an  c aracter 
o  t e ro ect   Prit er a reate  implies a degree of complexity in the selection of 
image   e e a e een imite  to oto  ic  e ict t e i ing a  an o ect  showing 
its shape and finishing materials.  riori t e Prit er e ite i a  a ominance o  
achromatic  an  near ne tra   n or er to emon trate t i  t e criteria or e ining t e 
co o r ten enc  o  eac  arc itect i  gi e riorit  to co o r  t e arc itect i  e 
considered in favour of colour if he uses it recurrently, even if not in the majority of his/her 
projects.  

ter re ie ing t e ort o io an  iogra  o  eac  arc itect  an  e ining i er 
colour tendency, the in ormation gat ere  rom t e e ite  a  een conveniently ordered 
in a e  i  a  er e  to i a i e common enominators amongst the architects.  
Additionally, a timeline (Figure 1.) and a map (Figure 2.) in relation to the use of colour 
a e een e a orate  e re t  are ra n rom t e gra ic  an  t e o r ten encie  are 

commented in the discussion. 

  

3. RESULTS AND DISCUSSION 
The revision of the projects in the ‘Selected Works’ ection o  t e Prit er Pri e ann a  
oo  gi e  a ir t im re ion o  t e co o r ten enc  o  eac  arc itect  Though, for a etter 
n er tan ing o  t e co o r re erence  o  Prit er arc itect  it a  een nece ar  to 

com ement t e ata it  goog e earc e  a e  mmari e  iogra ica  in ormation 
gathered in this process: ear an  ace o  irt  e cation  or  influences  ac gro n  
details and additional a i itie .  

t i  ort  mentioning that since t e eginning o  or  ar  the United States 
ecame ome to man  ro ean artists and intellectuals who imparted the principles of 

Modernism in universities. The influence o  e or ier  a to  ahn and Mies van der 
Rohe are a common denominator amongst architects, and the laureates are no exception.  

The particular a i itie  of the architects influence their design approach.  For instance, 
Ando, mt or and Wang Shu traine  in oo or  an  cra t  Painting is a common 
interest to o n on, Meier, Hollein, Hadid and Port am arc. Soto de Moura started to study 
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scupture. ean o e  i  in ire   cinema, as Aldo Rossi was,  theatre. r an anning 
is the ma or o  ange  a i  o ter  a ne an  oo aa  arragan ea  o  ae t etic  
and spirituality, as S ig er  an i  mo e   manitarian concern  t er  centere  in 
innovative solutions, or in the context.   

AWARD 
YEAR

AWARDEE
YEAR OF 

BIRTH
ORIGIN

ARCHITECTURAL 
EDUCATION

TRAINING AND 
WORK

INFLUENCES PERSONAL
OTHER 

ABILITIES
COLOUR 

TENDENCY

1979 Philip JOHNSON 1906- 1905 Cleveland, Ohio, U.S.A.
Harvard, Archit ect ure and 

Mast er of  Archit ect ural Hist ory

curat or at  MOMA, archit ect  at  

34

Le Corbusier, Mies van der 

Rohe, Minimalism and Pop-Art

cr it ic, hist or ian, 

collect or of  

American art  

A

1980 Luis BARRAGAN 1902- 1988 Guadalajara, MEXICO
Guadalajara School of  

Engineering
landscape archit ect

Corbusier, Morocco, 

Guadalajara School
spir it ual values

landscape 

archit ect
C

1981 James STIRLING 1926- 1992 Glasgow, U.K.
Liverpool School of  

Archit ect ure

James Gowan (London), 

Michael Wilf ord (part ner) lat e works of  Le Corbusier C

1982 Kevin ROCHE 1922 Dublin, Ireland/  U.S.A. Dublin, IIT (Chicago)
Eero Saarinen (Michigan), 

Dinkeloo (part ner)

Mies van der Rohe, Eero 

Saarinen
A

1983 Ieoh MING PEI 1917 Cant on, CHINA /  U.S.A. Pennsylvania, MIT, Harvard U.S. planning, int ernat ional Breuer, Gropius A

1984 Richard MEIER 1935 New Jersey, U.S.A. Cornell Universit y early pract ice, resident ial 
Le Corbusier, FLW, Aalt o, old 

european mast ers

expressionist  

paint ing
W

1985 Hans HOLLEIN 1934-  2014 Vienna, AUSTRIA
Academy of  Fine Art s, School of  

Archit ect ure (Vienna)
U.S., Sweden, Vienna Mies, FLW, Neut ra

art ist , f urnit ure 

and jewellry 

designer

N

1986 Gottfried BÖHM 1929
Of f enbach-am-Main, 

GERMANY 

Technische Hochschule and 

Academy of  Fine Art s (Munich)

Dominicus Böhm, Rudolf  

Schawrt z (Cologne), Cajet an 

Baumann (N.Y.)

f at her and grandf at her, Mies, 

Gropius

grandf at her and 

f at her church 

designers, wif e 

N

1987 Kenzo TANGE 1913- 2005
Imabari, Shikoku Island, 

JAPAN
Universit y of  Tokyo

Tange Laborat ory, 

reconst uct ion of  Hiroshima, 

Bologna and Cat ania 

Le Corbusier urban planning A

1998 Oscar NIEMEYER 1906- 2012 Rio de Janeiro, BRAZIL School of  Fine Art s of  Brazil
Lucio Cost a,  was appoint ed t o 

be archit ect  of  Brasilia
Lucio Cost a, Le Corbubusier W

1988
Gordon 

BUNSHAFT
1909- 1990 Buf f alo, N.Y., U.S.A. MIT

Worked wit h indust r ials 

designers,  and f or SOM unt il he 

became part ner.

Mies van der Rohe, Le 

Corbusier.
A

1989 Frank GEHRY 1929 Toront o, CANADA Sout hern Calif ornia, Harvard André Remondet  (Paris)
Corbusier, Balt hasar Neumann, 

French Roman churches
C

1990 Aldo ROSSI 1931- 1997 Milan, ITALY Milan Polyt echnic edit or of  Casabella drama, t heat re writ er, t heat re C

1991 Robert VENTURI 1947 Philadelphia, U.S.A.
Princet on, American Academy 

in Rome

Eero Saarinen, Louis Kahn, John 

Rauch (part ner), DSB (part ner)

Louis Kahn, Le Corbusier, Aalt o, 

barroque, Palladio

Denise Scot t  

Brown (wif e and 

part ner)

C

1992 Alvaro SIZA 1933 near Oport o, PORTUGAL
Escola de Belas Art es (U.of  

Port o)
early pract ice f at her archit ect N

1993 Fumihiko MAKI 1928 Tokyo, JAPAN

U. of  Tokyo, Cranbrook 

Academy of  Art , Harvard
SOM and Sert  Jackson. Founder 

of  Met abolist s.

Kenzo Tange, Eliel Saarinen, 

Post -Bauhaus int ernat ionalism, 

early modern in Japan, FLW.

urban design A

1994
Christian DE 

PORTZAMPARC
1944

Casablanca, Morocco 

/ Marseille, FRANCE
École de Beaux Art s (Paris) New York, t eam of  sociologist s Le Corbusier paint er A

1995 Tadao ANDO 1941 Osaka, JAPAN

self - t aught  ( f rom books, t r ips 

and t radit ion), t rained wit h a 

joiner

f ired f rom several of f ices
Corbusier, Mies, Aalt o and FLW amat eur boxer, 

builder
A

1996 Rafael MONEO 1937 Tudela, SPAIN
Escuela Superior Técnica de 

Madrid, Spanish school in Rome

Saenz de Olsa, Ut zon 

(Copenhague)
Nordic st yle, Dut ch School N

1997 Sverre FEHN
1924 
–2009

Kongsberg, Buskerug, 

NORWAY

act ual Oslo School of  

Archit ect ure and Design

Jean Prouve (Paris), he met  Le 

Corbusier.

Morocco, vernacular 

archit ect ure, Aalt o, Korsmo, 

Prouve. N

1998 Renzo PIANO 1937 Genoa, ITALY Milan Polyt echnic

Louis Kahn (Philadelphia), 

Makowski (London), Rice and 

Rogers (part ners)

Le Corbusier, Prouve, Fuller,  

Nervi. It alian root s.

f amily of  

builders
C

1999 Norman FOSTER 1935 Manchest er, U.K. Universit y of   Manchest er, Yale
Buckminst er Fuller, Team 4 and 

Richard Rogers (part ners)

Paul Rudolph, Vincent  Scully, 

Serge Chermayev, Eames
urban planning C

2000
Rem 

KOOLHAAS
1944

Indonesia /  Rot t erdam, 

NETHERLANDS

Archit ect ural Associat ion, 

London

f ounder of  OMA ( Madelon 

Vriesendorp, Elia and Zoe 

Zenghelis)

f at her writ er, 

grandf at her 

archit ect , wif e 

worked in 

journalism, 

writ er, urbanist

A

2001
Jacques HERZOG & 

Pierre DE M EURON
1950 Basel, SWITZERLAND

Swiss Federal Inst it ut e of  

Technology (Zurich) 

lect ured, t hen opened t heir  

pract ice

Sharoun, Aalt o, Rossi. No 

paradigms.
C

2002 Glenn MURCUTT 1936
London/ New 

Guinea/ Sidney, 

AUSTRALIA

Universit y of  Sout h Wales, 

Sidney

Ancher, Mort lock, Murray and 

Wooley (Sidney). Now small 

pract ice. 

Mies van der Rohe, David 

Thoureau, Aalt o, Barragan, 

FLW, 

f at her 

int erest ed  in 

archit ect ure 

N

2003 Jørn UTZON 1918- 2008 Copenhague, DENMARK
Royal Academy of  Fine Art s 

(Copenhague)

Ahlberg (Sweden), Aalt o 

(Finland)
Aalt o, Asplund, Wright . 

Cousin sculpt or, 

f at her naval 

archit ect .

sailor,  t raining 

f or naval of f icer
N

2004 Zaha HADID 1950
Bagdad, Iran /  London, 

U.K.

American U. of  Beirut  (Mat hs), 

Archit ect ural Associat ion 

(London)

Oma wit h Elia Zhengelis and 

Rem Koolhaas (she became 

part ner)

Eng. Pet er Rice, Niemeyer, 

Russian Avant -garde

Art ist ; int er ior, 

f urnit ure, 

clot hing 

A

2005 Thom MAYNE 1944
Connect icut , Indiana, 

Calif ornia, U.S.A.

Pomona and Sout hern 

Calif ornia, Harvard U. 

Vict or Gruen. Fired. Founded 

Morphosis (ant ini, St af f ord, 

Brickler, Rot ondi) and SCI-Arc.

urban planner A

2006
Paulo MENDEZ 

DA ROCHA
1928

Vit or ia, Espir it o Sant o, 

BRASIL

Mackenzie Presbit er ian 

Universit y

early pract ice, mast erpiece 

At hlet ic Club of  Sao Paulo
Paulist  Brut alist  avant  garde urbanist A

2007
Richard 

ROGERS
1933

Florence, Milan, London, 

U.K. 

Archit ect ural Associat ion 

(London), Yale

Ernest o Nat han Rogers (Milan), 

Team 4 (part ner), Renzo Piano 

(part ner) 

pupil of  Rudolph and St ir ling. 

It aly; Frank Lloyd Wright

ex-wif e 

archit ect  Wendy 

Rogers 

cit ies C

2008 Jean NOUVEL 1945 Fumel, SW FRANCE Ecole de Beaux Art s (Paris)ÉÉ

Claude Vir ilio, Gilbert  Lezenes, 

Jean-Francois Guyot

and Pierre Soria.

cinema, Vir ilio

ex-wif e 

f ilmmaker; 

act ual Swedish 

C

2009 Peter ZUMTHOR 1943 Basel, SWITZERLAND
Prat t  Inst it ut e (N.Y.), 

Kunst gewerbeschule

consult ant  at  Cant on of  

Graubürde (monument  

preservat ion)

not  inf luenced by global 

t endencies

t rained as a 

joiner
N

2010
Kazuyo SEJIM A & 

Ryue NISHIZAWA
1956 1966

Nort h and Sout h of  

Tokyo, JAPAN
Japan Women U. /  Yokohama U. Toyo It o & Associat es

Le Corbusier, Mies van der Rohe 

, Niemeyer, Koolhaas, Ghery, 

Siza

A

2011
Eduardo SOUTO 

DE MOURA
1950 Port o, PORTUGAL

School of  Fine Art s (sculpt ure),  

School of  Archit ect ure, U. of  

Port o

Alvaro Siza

 Donald Judd, Mies van der 

Rohe, Siza; collegues: Rossi, 

Herzog

wif e archit ect  sculpt or N

2012 Wang SHU 1963 Urumqi, Xinjiang, CHINA
 Nan Nanjing Inst it ut e of  

Technology

f ounded Amat eur Archit ect ure 

St udio (Hangzhou)

wif e archit ect  

Lu Wenyu

craf t s, 

lit erat ure
N

2013 Toyo ITO 1941 Seul /  Tokyo, JAPAN Universit y of  Tokyo
Kiyonori Kikut ake, f ounded 

URBOT, Toyo It o & Associat es

Le Corbusier, Mies van der Rohe 

, Isozaki, Kikut ake, Koolhaas

his f at her liked 

t o draw plans
C

2014 Shigeru BAN 1957 Tokyo, JAPAN
Archit ect ure Inst it ut e (S. 

Calif ornia), Cooper Union

Arat a Isozaki, NGO Volunt ary 

Archit ect s Net work 
Alvar Aalt o

paper 

archit ect ure
N  
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er e t e r o e o  com ementing i ing e terior  e icate  ec oing t e 
rro n ing  re ecting  en ing in  ea ing a te t re or ma ing contra t   e co o r  o  
i ing  ma  e categori e  a  chromatic, achromatic or near neutral  n t eor  

ac romatic  contain er  itt e or no c roma  e e are re ce  to ac  ite an  a e  
of grey, allowing slight variations in tone. Near neutrals are low in saturation. Within the 
architectural context these are often related to local materials, climate and geology. The 

ectr m o  near ne tra  co o r  arie  rom er  ig t to ar  n ance , including those of 
soil, mud, ric  and stone, wood and rust.  

2. METHOD 

Colour tendencies amongst Prit er a ar ee  a e een ana e   reviewing t e or  
of each architect, main  t ro g  internet o rce  t e Prit er Pri e o icia  e ite  t e 
architects’ websites -if a ica e-, and complementary information. After the revision, 
fo r o i i itie  a e een ro o e  a  ten encie  o  co o r e an  a e e  it  initia : 
C for chromatic; N for near neutral, which include natural materials of warm hues; A for 
achromatic, including a e  o  gra  ac  an  materia  c  a  g a  tee  an  concrete  
an  ina   or ite  ett e  a art a  a -category of the achromatics.  

i  t  i  a e  on t e e terna  a ect o  i ing  e range o  i e an  c aracter 
o  t e ro ect   Prit er a reate  implies a degree of complexity in the selection of 
image   e e a e een imite  to oto  ic  e ict t e i ing a  an o ect  showing 
its shape and finishing materials.  riori t e Prit er e ite i a  a ominance o  
achromatic  an  near ne tra   n or er to emon trate t i  t e criteria or e ining t e 
co o r ten enc  o  eac  arc itect i  gi e riorit  to co o r  t e arc itect i  e 
considered in favour of colour if he uses it recurrently, even if not in the majority of his/her 
projects.  

ter re ie ing t e ort o io an  iogra  o  eac  arc itect  an  e ining i er 
colour tendency, the in ormation gat ere  rom t e e ite  a  een conveniently ordered 
in a e  i  a  er e  to i a i e common enominators amongst the architects.  
Additionally, a timeline (Figure 1.) and a map (Figure 2.) in relation to the use of colour 
a e een e a orate  e re t  are ra n rom t e gra ic  an  t e o r ten encie  are 

commented in the discussion. 

  

3. RESULTS AND DISCUSSION 
The revision of the projects in the ‘Selected Works’ ection o  t e Prit er Pri e ann a  
oo  gi e  a ir t im re ion o  t e co o r ten enc  o  eac  arc itect  Though, for a etter 
n er tan ing o  t e co o r re erence  o  Prit er arc itect  it a  een nece ar  to 

com ement t e ata it  goog e earc e  a e  mmari e  iogra ica  in ormation 
gathered in this process: ear an  ace o  irt  e cation  or  influences  ac gro n  
details and additional a i itie .  

t i  ort  mentioning that since t e eginning o  or  ar  the United States 
ecame ome to man  ro ean artists and intellectuals who imparted the principles of 

Modernism in universities. The influence o  e or ier  a to  ahn and Mies van der 
Rohe are a common denominator amongst architects, and the laureates are no exception.  

The particular a i itie  of the architects influence their design approach.  For instance, 
Ando, mt or and Wang Shu traine  in oo or  an  cra t  Painting is a common 
interest to o n on, Meier, Hollein, Hadid and Port am arc. Soto de Moura started to study 
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Figure 1. The timeline shows the sequence of Pritzker Laureates from 1979 until 2014 and 
their colour preferences. 

 
e time ine in icate  t e ten enc  o  co o r e  eac  arc itect, suggesting that 

co o r a  een in og e aro n  t e   an  .  t i  evidenced that during the 
last fifteen years, the architects who represent colour a e een e  re ent, giving way to 
more who use achromatics and near neutrals towards 2015. The immediate influence of 
Prit er recipients on ne  generation  i  n enia e  t the moment of completion of each 
project determines a ai a e materials and technologies, and therefore, design o i i itie  
so there is an additional component to e con i ere  in t e former assumption. 

Figure 2. Architects by zone or region 

 

The second illustration (Figure 2.) shows the origin or main place of operation of the 
arc itect   t co  e in erre  t at t e ocation o  eac  ro ect irects, in principle, the 
co o r o i i itie  o  it  e terior  n or er to find common points as regards colour 
tendeny and location, the sequence of the comments follows the main country or continent 
rom ic  t e  or  

The architects from the United States are P i i  o n on  ic ar  eier  or on 
n a t  o ert ent ri an  om a ne  eo  ing Pei, e in Roche and ran  e r , 

who settled in the in the U.S. early in their careers, are also considered in this group. The 
gen ine a roac e  o  ic ar  eier  o e c i e  e  ite  an  o ert ent ri  
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o ic  re ecte  ac  an  ite in re e ing again t ra ica  i ea  o  mo erni m  
demonstrate contundency as regards colour.  Still, achromatics appear dominant in this 
region.  mpressive titanium a a e   ran  er  have made it difficult to identify him 
for colour, as he shows versatility in this respect. 

en i  co o r i  art o  t e e ican tra ition  i  arragan a  no e  merit or eing 
a pioneer of colour in Modern architecture. He uses it artistically in outdoor spaces and 
interior ie  in com ination it  ite  to em a i e o me an  receding planes.   

n ra i  arge ca e e e o ment   car ieme er an  r ta i t i ing   
oar o en e  a oc a  show scarce colour. Though chromatics as used to point 

certain elements in Niemeyer’s work, it is more of an exception. White plaster and exposed 
concrete are e  in a ne tra i ing mo e  ren ering o e i ing  gi ing a  to t e 
o er e ming a e  t at c aracteri e t e ra i ian r an an ca e    

e arc itect  rom t e erian Penin a aro Si a an  oar o Soto e o ra, from 
Portugal, and Rafael Moneo, from Spain, exhi it t e e o  oca  tone an  ite a ter   

a ae  oneo o ca e  ine ro ect  in ric   e predominant tendency for these 
architects is near neutrals. 

ean o e  an  ri tian e Port am arc  or  it  a ant-garde technology. Both of 
them employ a ariet  o  r ace materia  inc ing ant  an  co o re  ig ting   n t e 
ro ect   o e  co o r i  a ie  in inno ati e tec ni e  on e re  re are  

materia  e i ing   ri tian Port am arc tan  o t or a o i ticate  ac romatic 
a earance  com emente   te t re    

e i ing   em oo aa  ro o e origina  o tion  it  n rece ente  
arc itect ra  orm  contri ting it  i ea  to t e i t en ironment  t e is not fond of 
colour in the simplistic way, as an element that i  tran orm a i ing  So ar  i  or  
stands out as achromatic. 

e riti  arc itect  ame  Stir ing  ic ar  oger  an  orman o ter  have used 
co o r to c aracteri e i ing art  an  en ance tr ct re  ma ing t ere more man  n 
the other han  t e in enti e e o  materia   a a a i  i  e c i e  ac romatic    

From Basel, er og  e e ron an  Peter mt or  tan  o t or t eir ine cra t an  
e o  materia  mt or em o  t e te t re  o  nat ra  tone an  oo  a  e entia  

elements in i  com o ition   er og  e e ron a  co o r in a re ine  manner 
accent ating o me an  creating a ric  rom tr ct re an  r ace  

o o i an  en o Piano ma ter co o r in ario  a   o i e  co or to 
em a i e o me an  to co i  ilding elements, defining façade proportions. Piano uses 
i er e materia  an  tec no ogie  e i iting conce t  it  trong co o r re ence  

Se era  o e   en rc tt re ent meta  eet  on t e a a e  n t e tralian 
landscape this follows ori ontal patterns perceived in the surroundings and reflect the 
natural elements  e a o e  oo  co o r an  ite  or eci ic it ation  en ing in 
with nature. The proportion of materials sets him in the near neutral tendency.   

The fact that in this world selection eight architects are rom a tern ia (  of the 
total, con i ering t at Se ima  i i a a or  toget er  an  t at  Pei ett e  in t e 
U.S.), an  i  rom a an  i  ite igni icati e  o r o  t e e arc itect  a e een a ar e  
the Pri e in t e a t i e ear  corro orating t e con e ence  o  g o a i ation an  

tantia  e e o ment in the region. Tradition in the fine craft of materials and a taste for 
t e t e a o r  t e re erence or achromatics and near neutrals in this group.  

 

 

Figure 1. The timeline shows the sequence of Pritzker Laureates from 1979 until 2014 and 
their colour preferences. 

 
e time ine in icate  t e ten enc  o  co o r e  eac  arc itect, suggesting that 

co o r a  een in og e aro n  t e   an  .  t i  evidenced that during the 
last fifteen years, the architects who represent colour a e een e  re ent, giving way to 
more who use achromatics and near neutrals towards 2015. The immediate influence of 
Prit er recipients on ne  generation  i  n enia e  t the moment of completion of each 
project determines a ai a e materials and technologies, and therefore, design o i i itie  
so there is an additional component to e con i ere  in t e former assumption. 

Figure 2. Architects by zone or region 

 

The second illustration (Figure 2.) shows the origin or main place of operation of the 
arc itect   t co  e in erre  t at t e ocation o  eac  ro ect irects, in principle, the 
co o r o i i itie  o  it  e terior  n or er to find common points as regards colour 
tendeny and location, the sequence of the comments follows the main country or continent 
rom ic  t e  or  

The architects from the United States are P i i  o n on  ic ar  eier  or on 
n a t  o ert ent ri an  om a ne  eo  ing Pei, e in Roche and ran  e r , 

who settled in the in the U.S. early in their careers, are also considered in this group. The 
gen ine a roac e  o  ic ar  eier  o e c i e  e  ite  an  o ert ent ri  
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A selection of architects serves to exemplify each the four colour tendencies. There is a 
small percentage amongst the thirty-seven Pritzker winners who have been notorious for 
chromatic designs in the way of Luis Barragan. These are: Aldo Rossi, Herzog&De 
Meuron, Renzo Piano, Jean Nouvel and Robert Venturi.  Colour is also an important 
element in projects by Norman Foster, Richard Rogers and Toyo Ito. On the other hand 
Jørn Utzon, Sverre Fehn, Gottfried Böhm, Wang Shu and Shigeru Ban show a marked 
preference for natural materials. Concrete is a favourite of Tadao Ando, Paulo Mendes da 
Rocha and Kenzo Tange. The achromatics have inmortalized Philip Johnson and they are 
main ingredients in the work of insubordinate taste of Zaha Hadid, Thom Mayne and Rem 
Koolhaas. The architects who rely on white for their buildings are Richard Meier and Oscar 
Nyemeyer. Apart from them, Alvaro Siza, Fumihiko Maki, I.M. Pei, Sejima&Nishizawa, 
Toyo Ito, and probably most in this elite, are authors of iconic white buildings. 

4. CONCLUSIONS 
As regards the preference for colourless designs by Pritzker architects, it is confirmed that 
the scale tilts towards non-colours. Even if 35% of the laureates have used chromatic 
colour in several projects, their joint portfolios in a span of nearly 66 years show that 
achromatics and natural materials recurr in their work, while colour is the exception.  
Although the analysis of the timetable and the world map may have an arbitrary 
component, history and origin are a way to understanding colour use. Architects from 
diferent parts of the world show inclination to similar tendencies, and this depends on the 
moment in time, amongst other factors. Perhaps there is no urge to look for colour as such 
in coloured buildings.  Instead, the subtleties of achromatics and material dimensions are 
there to be discovered and broaden the palette.  
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ABSTRACT
CIE tristimulus values (TSVs) are defined in terms of integrations and all the integrands 
involved have no analytical expressions: therefore accurate computation of the TSVs 
becomes a problem, a problem which has been noticed by scientific researchers possibly 
since the early 1930s. Various computational methods are available and disagreements 
between these methods can be large. This paper addresses this problem and shows that it 
becomes even worse with some current industrial applications. However, the problem is 
completely avoidable if a unified method is used to calculate the TSVs. The paper 
compares all available methods including the CIE recommended method and the ASTM 
weighting tables, the Oleari method and the LLR method, together with a newly developed 
LWL method, and it is found that this new LWL method gives the best results. It is 
therefore recommended for use for the computation of TSVs using data obtained at any 
measurement wavelength interval. 

 

1. INTRODUCTION 
Tristimulus values (TSVs) of object colours are defined by integrations: 

OOO dRWV
b

a
V )()(³ , with XV  , Y and Z                                   (1) 

where )()()( OONO xSWX  , )()()( OONO ySWY   , )()()( OONO zSWZ  . Here )(OS  is the 
relative spectral power distribution (SPD) of an illuminant, )(Ox  , )(Oy  , )(Oz  are the 
CIE 1931 (2°) or 1964 (10°) standard colorimetric observers or colour matching functions 
(CMFs), and )(OR  is the reflectance (transmittance) function of a reflecting (transmitting) 
object colour. ),( ba  is the visible range of wavelengths with a = 360 nm and b = 830 nm, 
and k  is the normalizing factor defined for reflecting (transmitting) object colours and is 

given by ³ 
b

a
dySk OOO )()(/100 . However, the integrands involved in Eq. (1) have no 

equivalent analytical expressions, hence CIE1 recommended that the integrations should be 
replaced by numerical summations:  

OOO ' ¦
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n

i
iV RWV  ,  with XV  , Y and Z                                (2) 
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at wavelength intervals 1 'O nm. 

It seems that calculating TSVs using Eq. (2) should be straightforward provided that the 
reflectance values at 1 nm intervals are known over the full range of wavelengths. 
However, in practice these data are rarely available, since reflectance data are typically 
measured by a spectrophotometer at an interval much larger than 1 nm, for example 10, or 
even 20 nm, and often over a narrower wavelength range than 360 nm to 830 nm. Thus, for 
practical applications, there is still a problem of how to compute the TSVs. Since CIE 
makes has no precise recommendation on how to deal with this, there are many methods 
available for computing TSVs. Different methods lead to different results and the 
differences obtained can be large, which can cause problems in current industrial 
applications. Firstly, consider an example. Table 1 lists the differences in terms of 
CIELAB colour difference units using a number of different methods with the measured 
1 nm, and then simulated 10 nm and 20 nm data, for a Munsell colour sample. In Table 1, 
S represents the CIE standard 1 nm summation method, which computes TSVs using the 
1 nm data and 1 nm summation formula (Eq. 2) using the CIE F11 fluorescent illuminant 
and the CIE 1931 CMFs. This set of TSVs, denoted by XYZs, can be considered as the 
true TSVs of the sample. Also a number of other sets of TSVs, denoted by XYZb, were 
computed using the simulated 10 nm and 20 nm reflectance factors and some other 
available computation methods: these methods will be introduced in the next section. 
Ideally, XYZs and XYZb should be the same, but they are not. The values in bold and in 
the shaded area are the inconsistencies between different methods for 10 nm and 20 nm 
data respectively. Furthermore, the difference between XYZb1 obtained by method 1 and 
XYZb2 obtained by method 2 can be large. The values below/above the diagonal in Table 
1 are for 20 nm/10 nm data and correspond to the CIELAB colour differences between the 
TSVs obtained using any two different methods, hence they represent the accuracies 
associated with the corresponding methods. It can be seen the values underlined are all 
greater than zero, which means no method replicates the accurate result XYZs: the smaller 
the value the better is the corresponding method. For the data having a 10 nm wavelength 
interval, the LWL, LLR and CIE-R methods are similar and are better than all the others. 
The worst method is the DS method which an error of 9.3 CIELAB colour difference units. 
For the data that has a 20 nm wavelength interval, the T6 and LLR methods are similar, 
and are better than all others, but they have error of 0.6 CIELAB colour difference units. 
The disagreements between methods can be as large as 11.1 CIELAB units for 10 nm data, 
and 31.8 CIELAB units for 20 nm data.  

The CIE provides no recommendations for TSV computation from measured data at 
measurement intervals greater than 5 nm. Thus, in practice, various approaches have been 
used for computing TSVs, which can lead to a big discrepancy between two different 
methods from the same set of spectral data as shown by the above example which can 
cause problems. For example, a fashion designer asks a dyehouse to dye a fabric and 
provides spectral reflectance data at 10 nm intervals rather than a physical sample in order 
to save time and the cost. The requirement for the reproduction is, for example, less than 
0.5 CIELAB units. If the dyehouse uses a different method for computing TSVs, it is 
highly possible that the dyed fabric might be rejected though the company thinks the 
requirement is satisfied. Another example occurs with cross media colour reproduction. In 
the colour reproduction chain, both the source (e.g. a camera) and destination (e.g. a 
printer) devices are characterized, so that the device dependent colour spaces are linked to 
the device independent CIE XYZ space. If the methods for computing the XYZ values are 
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different between the characterization processes of the source and destination devices, it 

cannot be guaranteed that the reproduction will be accurate.  

Table 1: The performance of different methods used to compute TSVs (underlined row for 
20 nm interval data and underlined column for 10 nm data) for a Munsell sample under 

CIE illuminant F11 and the CIE 1931 standard colorimetric observer, measured as 
CIELAB colour differences. Values in the shaded area are for 20 nm interval data and 

values in bold for 10 nm interval data.
               

                       

                       

    0                  

    0.1 0.2                

    0.2 0.2 0              

    0.1 0.2 0 0            

    1.9 1.9 1.9 1.9 1.9          

    0.9 0.9 0.9 0.9 0.9 1.1        

    9.3 9.3 9.3 9.3 9.3 11.1 10.1    

                       

                       

2. AVAILABLE METHODS FOR COMPUTING TSV 
The various computation methods are briefly introduced in chronological order of their 

development; further details can be found in reference 2. 

2.1 Direct Selection Method 
Direct selection (DS) is the simplest method and it has probably been used since 19323. 

For measured reflectance at interval >1 nm, select one value from every  data from 

the spectral power distribution (SPD) and standard observer (CMF), and then carry out the 

corresponding summations as shown in Eq. (2).  

2.2 ASTM E308-1985 and E308-1995 Weighting Tables
The American Society for Testing and Materials (ASTM) standardized a set of weighting 

tables in 1985 (E308-1985) and 1995 (E308-1995). Each set includes 36 weighting tables 

covering 9 illuminants (six continuous illuminants A, C, D50, D55, D65 and D75, plus the 

three fluorescent illuminants FL2, FL7 and FL11); each illuminant being combined with 

the two CIE standard colorimetric observers (1931 and 1964) and two different wavelength 

intervals (10 nm and 20 nm). All these tables cover a wavelength range from 360 nm to 

780 nm. The ASTM E308-1985 weighting tables are denoted as Table 5 (T5) and must be 

used with bandpass corrected reflectance data. The E308-1995 weighting tables are 

denoted as Table 6 (T6) and must be used with the measured reflectance data directly. 

 

at wavelength intervals 1 'O nm. 

It seems that calculating TSVs using Eq. (2) should be straightforward provided that the 
reflectance values at 1 nm intervals are known over the full range of wavelengths. 
However, in practice these data are rarely available, since reflectance data are typically 
measured by a spectrophotometer at an interval much larger than 1 nm, for example 10, or 
even 20 nm, and often over a narrower wavelength range than 360 nm to 830 nm. Thus, for 
practical applications, there is still a problem of how to compute the TSVs. Since CIE 
makes has no precise recommendation on how to deal with this, there are many methods 
available for computing TSVs. Different methods lead to different results and the 
differences obtained can be large, which can cause problems in current industrial 
applications. Firstly, consider an example. Table 1 lists the differences in terms of 
CIELAB colour difference units using a number of different methods with the measured 
1 nm, and then simulated 10 nm and 20 nm data, for a Munsell colour sample. In Table 1, 
S represents the CIE standard 1 nm summation method, which computes TSVs using the 
1 nm data and 1 nm summation formula (Eq. 2) using the CIE F11 fluorescent illuminant 
and the CIE 1931 CMFs. This set of TSVs, denoted by XYZs, can be considered as the 
true TSVs of the sample. Also a number of other sets of TSVs, denoted by XYZb, were 
computed using the simulated 10 nm and 20 nm reflectance factors and some other 
available computation methods: these methods will be introduced in the next section. 
Ideally, XYZs and XYZb should be the same, but they are not. The values in bold and in 
the shaded area are the inconsistencies between different methods for 10 nm and 20 nm 
data respectively. Furthermore, the difference between XYZb1 obtained by method 1 and 
XYZb2 obtained by method 2 can be large. The values below/above the diagonal in Table 
1 are for 20 nm/10 nm data and correspond to the CIELAB colour differences between the 
TSVs obtained using any two different methods, hence they represent the accuracies 
associated with the corresponding methods. It can be seen the values underlined are all 
greater than zero, which means no method replicates the accurate result XYZs: the smaller 
the value the better is the corresponding method. For the data having a 10 nm wavelength 
interval, the LWL, LLR and CIE-R methods are similar and are better than all the others. 
The worst method is the DS method which an error of 9.3 CIELAB colour difference units. 
For the data that has a 20 nm wavelength interval, the T6 and LLR methods are similar, 
and are better than all others, but they have error of 0.6 CIELAB colour difference units. 
The disagreements between methods can be as large as 11.1 CIELAB units for 10 nm data, 
and 31.8 CIELAB units for 20 nm data.  

The CIE provides no recommendations for TSV computation from measured data at 
measurement intervals greater than 5 nm. Thus, in practice, various approaches have been 
used for computing TSVs, which can lead to a big discrepancy between two different 
methods from the same set of spectral data as shown by the above example which can 
cause problems. For example, a fashion designer asks a dyehouse to dye a fabric and 
provides spectral reflectance data at 10 nm intervals rather than a physical sample in order 
to save time and the cost. The requirement for the reproduction is, for example, less than 
0.5 CIELAB units. If the dyehouse uses a different method for computing TSVs, it is 
highly possible that the dyed fabric might be rejected though the company thinks the 
requirement is satisfied. Another example occurs with cross media colour reproduction. In 
the colour reproduction chain, both the source (e.g. a camera) and destination (e.g. a 
printer) devices are characterized, so that the device dependent colour spaces are linked to 
the device independent CIE XYZ space. If the methods for computing the XYZ values are 
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Recently, ASTM4 recommended that the 20 nm weighting data in both sets of tables 
should not be used. ASTM now recommends that, when the measured reflectance data for 
using T6 or the bandpass corrected reflectance for using T5, are at 20 nm intervals, they 
should be interpolated using the third-order Lagrange formulae to compute 10 nm 
reflectance data, and then the corresponding 10 nm weighting table should be used to 
compute TSVs. In this paper, this new recommendations are denoted T6N and T5N, 
respectively.  

2.3 CIE Recommendations 
For measured data with 5d'O nm, CIE recommends that the DS method can be used. For 

10 'O nm or 20 'O nm, the measured data can be interpolated into 1 nm data and then 
the 1 nm summation can be used. This recommendation is named the CIE-R method in this 
paper. However, CIE1 also suggested that for 10 'O  nm or 20 'O  nm, the ASTM T5 
or T6 or the LLR method (which will be introduced later) may be used.  

2.4 The Zero- and Second-Order Oleari Weighting Tables 
In 2000, Oleari 5 proposed a method for the computation of TSVs based on a local power 
(zero or second-order) expansion for the product of the SPD of the illuminant/source and 
the CMFs. It was shown that the second-order method was better than ASTM T6. To avoid 
repeated computations, Li et al.6 have derived zero- and second-order weighting tables 
based on Oleari's work. Henceforth, these zero- and second- order weighting tables will be 
termed the OWT0 and OWT2 methods, respectively. 

2.5 LI-LUO-RIGG Method 
IN 2004, Li, Luo and Rigg gave a method for computing weighting tables for calculating 
TSVs. The method (LLR) requires solutions to the following equations:  

 )()( OO ''  VV aAu  ,  with XV  , Y and Z                             (5) 

The unknown )( O'
Vu  are the weights in the V directions. The matrix A and the right hand 

vector )( O'
Va can be found in the original paper 7. 

2.6 LI-WANG-LUO Method 
Similar to the LLR method, the least square method 8 (denoted as the LWL method) also 
requires solving three linear systems of equations: 

)()( OO ''  VV aBu  , with XV  , Y and Z                          (6) 

Here, the right hand side vectors are the same as those of the LLR method and coefficient 
matrix B is also tri-diagonal. It has been shown2 that when O' is large, the matrix B 
approaches the matrix A, and therefore in this situation the LWL and LLR methods have 
nearly the same performance. However, when O' is small, these two methods will perform 
differently, which is confirmed by the experimental results presented in the next section. 
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3. COMPARISONS OF ALL METHODS 
The comparison procedure used in this paper is the same as that used in references 2 and 7. 
Here, the 1 nm standard reflectance factors were measured from a set of 1096 Pantone 
samples between 360 nm and 780 nm. Thus, TSVs can be computed using the 1 nm 
summation methods and this set of TSVs are considered as standard. Then, the simulated 
10 nm or 20 nm reflectance factors can be obtained and the TSVs, denoted as XYZb, can 
be obtained using a particular method under a particular illuminant and CMF combination. 
Finally, the CIELAB colour differences between XYZs and XYZb are computed. Since 
ASTM methods are also compared, the visible range considered here is from 360 nm to 
780 nm. Six CIE illuminants and the CIE 1931 and 1964 CMFs were used. The illuminants 
were the three continuous illuminants D65, D50, and A, plus the three CIE fluorescent 
illuminants FL2, FL7 and FL11. In order to save space, the computed colour differences in 
Table II have been grouped into continuous and fluorescent illuminant groups (C-ILLs and 
F-ILLs) respectively. Then the median colour difference from each group is considered as 
the general performance for each method.  

Table II: Median CIELAB colour differences for 10nm and 20nm using different methods 
under all continuous illuminants/two CMFs (C-ILLs) and Fluorescent illuminants/two 

CMFs (F-ILLs)  
Method 10nm 20nm 

 C-ILLs F-ILLs C-ILLs F-ILLs 

T5 0.0111(6) 0.035(4) 0.1329(7) 0.2793(6)

T6 0.0033(2) 0.0408(5) 0.0287(3) 0.2199(4)

LWL 0.0013(1) 0.0095(1) 0.0243(2) 0.1263(2)

LLR 0.0038(3) 0.0107(2) 0.0216(1) 0.1238(1)

DS 0.0258(8) 7.3893(8) 0.3306(9) 4.6193(10)

CIE-R 0.0073(4) 0.0337(3) 0.0644(4) 0.1604(3)

OWT(0) 0.0094(5) 1.3594(7) 0.1173(5) 0.8284(7)

OWT(2) 0.0197(7) 0.5928(6) 0.2967(8) 0.9454(8)

T5N 0.1184(6) 0.2552(5)

T6N 0.7054(10) 0.9635(9)

 

Table II lists the median results for 10 nm and 20 nm measurement interval data. Values 
in brackets indicate the ranking of the corresponding methods. It can be seen that the LWL 
method ranks first for the 10 nm interval data and second for the 20 nm interval data. The 
LLR method ranks first for the 20 nm interval data and second for the 10nm interval data 
for F-ILLs. These two methods are better than all other methods. The worst method overall 
is the DS method. Comparing the four ASTM methods for the 20 nm interval data, T6 is 
the best, T5N is the second best and the T6N is the worst. In theory, the T5 and the CIE-R 
method are the same if the third order interpolation method is used for the CIE-R method. 
However, in this test, the Sprague method is used for the interpolation not the Lagrange 
method. This might be the reason that the CIE-R method performs better than the T5 
method, as shown in Table II.  

 

Recently, ASTM4 recommended that the 20 nm weighting data in both sets of tables 
should not be used. ASTM now recommends that, when the measured reflectance data for 
using T6 or the bandpass corrected reflectance for using T5, are at 20 nm intervals, they 
should be interpolated using the third-order Lagrange formulae to compute 10 nm 
reflectance data, and then the corresponding 10 nm weighting table should be used to 
compute TSVs. In this paper, this new recommendations are denoted T6N and T5N, 
respectively.  

2.3 CIE Recommendations 
For measured data with 5d'O nm, CIE recommends that the DS method can be used. For 

10 'O nm or 20 'O nm, the measured data can be interpolated into 1 nm data and then 
the 1 nm summation can be used. This recommendation is named the CIE-R method in this 
paper. However, CIE1 also suggested that for 10 'O  nm or 20 'O  nm, the ASTM T5 
or T6 or the LLR method (which will be introduced later) may be used.  

2.4 The Zero- and Second-Order Oleari Weighting Tables 
In 2000, Oleari 5 proposed a method for the computation of TSVs based on a local power 
(zero or second-order) expansion for the product of the SPD of the illuminant/source and 
the CMFs. It was shown that the second-order method was better than ASTM T6. To avoid 
repeated computations, Li et al.6 have derived zero- and second-order weighting tables 
based on Oleari's work. Henceforth, these zero- and second- order weighting tables will be 
termed the OWT0 and OWT2 methods, respectively. 

2.5 LI-LUO-RIGG Method 
IN 2004, Li, Luo and Rigg gave a method for computing weighting tables for calculating 
TSVs. The method (LLR) requires solutions to the following equations:  

 )()( OO ''  VV aAu  ,  with XV  , Y and Z                             (5) 

The unknown )( O'
Vu  are the weights in the V directions. The matrix A and the right hand 

vector )( O'
Va can be found in the original paper 7. 

2.6 LI-WANG-LUO Method 
Similar to the LLR method, the least square method 8 (denoted as the LWL method) also 
requires solving three linear systems of equations: 

)()( OO ''  VV aBu  , with XV  , Y and Z                          (6) 

Here, the right hand side vectors are the same as those of the LLR method and coefficient 
matrix B is also tri-diagonal. It has been shown2 that when O' is large, the matrix B 
approaches the matrix A, and therefore in this situation the LWL and LLR methods have 
nearly the same performance. However, when O' is small, these two methods will perform 
differently, which is confirmed by the experimental results presented in the next section. 

135
AIC2015 TOKYO - Color and Image



 

Further tests with O'  being equal to 2, 3, 4, 5, 6 and 7 nm, respectively were also 
conducted. It was found that in each case the LWL method performs the best. This result is 
very encouraging. It was also found that the LLR method performs much worse when the 
measuring wavelength interval is small.  

4. CONCLUSIONS 
We have reviewed the problem of accuracy in the computation of tristimulus values. 
Results from different methods can be quite different which can cause problems in current 
industrial applications. It is highly desirable that a single optimal method be adopted by 
CIE. To further this aim, a comprehensive comparison has been made using 1096 Pantone 
samples. The results show that the method of Li-Wang-Luo (LWL) performs the best for 
wavelength intervals not greater than 10 nm and performs the second best when the 
measuring interval is 20 nm. The LWL method is simple to implement and can be 
recommended for the computation of CIE XYZ tristimulus values from reflectance 
(transmittance) data measured at any wavelength interval.  
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Variability in Colour Matches between Displays
P i  1 Sri ri na  2 and ar P1
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 2 o a  ra ic  So t are t  am ri ge  

ABSTRACT
e aria i it  et een co o r matc e  ma e  i erent o er er  on i a  i  a concern 

ic  a  een a re e  in e era  re io  t ie  nter o er er aria i it  in ercei e  co o r 
matc e  a  in e tigate  in an e eriment in ic   o er er  matc e  a erie  o  te t co o r  
with the reference stimulus on a CRT and the test stimulus on an LCD display. Reference and test 
co o r atc e  it  a  egree ang ar ten e ere re ente  on a acent i a  it  a e aration 
et een re erence an  te t tim i o  cm  an  it  an o a e ac  ma  co ering t e remain er o  

t e i a  creen  e fir t re erence co o r a  a mi tone ne tra  gra  o o e   nine c romatic 
co o r  er er  a te  t e te t co o r to ro ce a ercei e  matc  to t e re erence  an  t e 
resulting colours were measured with a Minolta CS-1000 telespectroradiometer.

ea re  ectra  ra iance  ere con erte  to  ing t e   Stan ar  o orimetric 
er er  c  t at t e  tri tim  a e corre on  to t e minance o  t e tim  in can e a

m  e ata ere con erte  to  ing t e re erence i a  ite oint a  t e i minant  
e re t  o e  ignificant i erence  in t e matc e  ma e  i erent o er er  it  an a erage 

  co o r i erence rom t e re erence o   an  t e inter o er er aria i it  e re e  
a  t e mean co o r i erence rom t e mean  or  o   ere a  con i era e ariation 
in results for the different test colours, with the average colour difference from the reference ranging 
rom  to   an  t e  ranging rom  to 

en con i ere  in   c romaticit  t e i erence  et een re erence an  te t co o r  an  
t e inter o er er aria i it  ere m c  ma er  i  gge t  t at o er er  a  greater i fic t  in 
matc ing t e a o te minance o  t e te t to t e re erence tim  t an in matc ing c romaticit  
Some tematic i erence  et een re erence an  te t co o r  ere een  it  matc e  eing on 
a erage rig ter an  more r e  

i  t  confirm  t e ignificant inter o er er aria i it  in co o r matc e  o n  in ot er 
t ie  e a ence o  a ite or i a  a a tation in t e e erimenta  et  ma  a e contri te  

to i ic tie  in ma ing t e matc e  an  ma  a o ma e t e c oice o  re erence ite in t e 
con er ion to  e  eterminate

 

 

Variability in colour matches between displays  
P i  ,1 Sri ri na NUDURU ,2  ar FARUP1 

1 o o r an  i a  om ting a orator  i  ni er it  o ege  or a  
2 o a  ra ic  So t are t  am ri ge   

ABSTRACT 
e aria i it  et een co o r matc e  ma e  i erent o er er  on i a  i  a concern 
ic  a  een a re e  in e era  re io  t ie  nter-o er er aria i it  in ercei e  

co o r matc e  a  in e tigate  in an e eriment in ic   o er er  matched a series of 
test colours, with the reference stimulus on a CRT and the test stimulus on an LCD display. 

e erence an  te t co o r atc e  it  a  egree ang ar ten e ere re ente  on 
a acent i a  it  a e aration et een re erence an  te t tim i o  cm  an  it  an 
o a e ac  ma  co ering t e remain er o  t e i a  creen  e ir t re erence co o r 
was a mid-tone ne tra  gra  o o e   nine c romatic co o r  er er  a te  t e te t 
colour to produce a perceived match to the reference, and the resulting colours were 
measured with a onica-Minolta CS-1000 telespectroradiometer. The results showed 
con i era e aria i it  in t e matc e  in minance  n u’v’ c romaticit  o er er 
aria i it  a  o n  to e less t an in minance  t m c  ig er in e  t an in green  

and neutrals, suggesting a o i e o er er metameri m e ect  

1. INTRODUCTION 
e   Stan ar  o orimetric er er a  eri e   oo ing t e co o r matc ing 

functions o  m ti e o er er  e e origina  e eriment  an  e ent one  in t e 
o o ing eca e  recor e  igni icant aria i it  et een matc ing nction  o  in i i a  

o er er  i e t e t ica  moot  re ectance ectra o  r ace co o r  o not tend to 
give rise to significantly large inter-o er er i erence  in co o r matc e  t e nat re o  t e 
spectral emission of self- mino  i a  o ten c aracteri e   narro  ea  i  more 
i e  to interact it  differences in retinal spectral sensitivity to generate inter-o er er 

variation in cross-media colour matches in cases where different colorant technologies are 
employed. Such inter-o er er i erence  a e een re orte  in previous studies (e.g. 

ic erman ; Shaw, 2010; Sar ar 2010; Para   Sar ar . 

Modern displays use a variety of light-emitting technologies with very different spectral 
characteristics, and the goal of the present experiment was to provide experimental data on 
co o r matc e  ma e  o er er  et een two different types of displays. 

2. EXPERIMENTAL 
Following a small pilot study with  o er er , 21 o er er  too  art in t e main a e o  
t e e eriment  in ic   re erence co o r  ere matc e  et een a CRT display 
(employing phosphors as the light-emitting technology) and an LCD display it   
ac ig t).1 

 

                                                 
1 e e eriment a  n erta en  the second author during his employment as an ar -stage 
Researcher in the arie rie nitia  raining et or   P  project. 
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2.1 Displays 
e i a  ere a  acie So t roo ing i a  an  an - ac it PS-LCD (Dell 

U2412M). The R, G, B primaries of the two displays ere mea re  it  a onica-
Minolta CS1000 telespectroradiometer, and the spectral radiances are shown in Figure 1 
e ow. The colour gamut of the two displays can be seen in CIE u’,v’ coordinates in Figure 

2. 

 
Figure 1: Spectral radiances of CRT and LCD display primaries in the experiment. 

Since the dynamic range and colour gamut of the CRT was smaller than that of the LCD, the 
CRT was used to present t e re erence co o r  ic  o er er  t en matc e  on t e  
The neutral gray was presented ir t to ro i e an initia  re erence or rig tness matching 

 o er er  i a  aria i it  a  e a ate   mea ring a erie  o  co o r  o er a 
period of 12 hours after initial warm-  ing t e -M CS1000 TSR. The mean differences 
from the mean white point luminance over the period were 0.42 and 0.12 cd m-2 for the CRT 
and LCD respectively. 

e o er er i a  matc e  an  t e in tr menta  mea rement ere er orme  at t e 
ame ocation on t e i a  o t e matc e  ere na ecte   an  atia  non-uniformity 

of the displays. There was a warm-up period of at least 15 minutes for the displays and the 
S  rior to mea rement  an  o er ation  

2.2 Observers 
o o ing a i ot t  it  i  o er er  1 o er er  age  -55 participated in the 

e eriment  n i ara te t a  con cte  rior to t e e eriment or t o e o er er  a  
not previously performed such a test, and one was o n  to e colour deficient. Non-expert 
o er er  ere gi en training in co o r mi ing  er er re eata i it  a  e a ate   
o er er  er orming matc e  et een imilar patches during each run of the experiment. 

2.2 Reference Colours 
10 colours were selected in RGB coordinates and displayed on the reference (CRT) display). 
The resulting colours were measured with the TSR and are shown in CIE u’,v’ coordinates 
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in Figures 2  ere t e re erence co o r  are a e e  -10. Some of the reference colours 
lie close to or on t e o n ar  o  t e  gam t  t are it in t e gam t o  t e  
display. 

 
Figure 2: Reference colours in CIE u’,v’ with gamut of CRT (solid) and LCD (dashed) 

displays 

2.3 Experimental Setup 
e e eriment a  con cte  in a com ete  ar  room it  t e i a  co o r atc e  

eing t e on  tim i  e erence an  te t atc e  ere circ ar an   cm in iameter  
ervers were located one metre from the display faceplate, so that the colour stimulus 

ga e an ang ar ten e o   n or er to e c e an  e ect e to t e i a  ac ig t 
it in t e ace ate  t e atc e  ere o er e  t ro g  circ ar o ening  ma e within an 

o a e ac  eet ace  in ront o  t e i a  e i a  ere ace  a acent to eac  
ot er o t at t e re erence an  t e te t target  ere ocate  at a ro imate   cm a art  This 
i  e entia  an a ert re mo e rat er t an o ect mo e viewing condition. 

2.4 Experiment 
n t e e eriment t e re erence co o r a  o n on t e  i a  an  t e te t co o r 

o n im taneo  on t e  i a  er er  ere a e  to matc  t e a earance 
of the test to the reference colour. To do this they were provided with three computer mice 
with two- a  erica  cro  contro ing t e amo nt  o  in i i a  rimarie      o  
t e te t co o r  toget er it  a e oar  contro  or adjustment of t e rig tne  nce t e 
o er er a  ati ie  it  t e matc  t e corresponding R, G, B values were recorded and 

e ent  mea re  it  t e S  o itione  at t e o er er ocation in t e ame ie ing 
conditions. 
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2.2 Reference Colours 
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3. RESULTS  
  a e  or t e re erence co o r  an  t e o er er  matc e  were calculated from 

the mea re  ra iance  ing t e   Stan ar  o orimetric er er  a  o n in 
eqn. 1 e o . 

𝑋𝑋 = 683∑𝐿𝐿(𝜆𝜆)�̅�𝑥(𝜆𝜆)
380

767

 

where L(O) is the measured spectral radiance (in W sr-1 m-2) at 1nm intervals and �̅�𝑥(𝜆𝜆) is the 
vector of matching function values for X; and  an   are computed analogously. The 
constant 683 results in  tri tim  a es in units of cd m-2. 

Since t e e eriment a  con cte  in a ar  room it  no a a ting ite an  co o r  ere 
judged in aperture mode, there is no reference white or illuminant and hence the data cannot 
e con erte  to a co o r ace c  a   or t i  rea on t e aria i it  et een t e 

re erence co o r an  t e o er er matc e  i  o n in terms of luminance 'Y and 
chromaticity 'u’,v’  . The results are shown in a e . [We note that if the data 
i  con erte  to  ing t e i a  ea  ite a  t e re erence ite a  i  common  
done in colour management, the a erage   ' a  colour difference from the 
reference is  an  t e inter-o er er aria i it  e re e  a  t e mean co o r i erence 
from the mean, or MCDM) is 10.4, which gives a misleading impression of the accuracy of 
the matches.] 

Table 1.Differences in luminance 'Y and chromaticity 'u’,v’ between reference colours 
and observer matches 

 'Y 'u’v’ 
Colour Median Max th percentile Median Max th percentile 

1     0.0244 0.0201 

2 0.65  1.15  0.0543  

3   2.32  0.1023  

4 2.46  5.5 0.012 0.0526  

5 5.31 14.33 12.85 0.0128   

6 4.01  13.62  0.0256 0.0235 

  36.43  0.0134   

8 3.54    0.1424 0.1421 

 2.32  8.52 0.0253   

10  13.32 13.21 0.0238 0.0506  

Mean 3.8 14.05 12.16 0.0201  0.0525 

 

e aria i it  in minance matc e  i  er  ig  or ome co o r  o n  th percentile 
'Y a e  o   to  The matches in u’,v’ chromaticity a e ma er aria i it  a  een 
in Figures 3-5  ere t e re erence co o r i  o n in re  an  t e o er er matc e  in ac  

140
AIC2015 TOKYO - Color and Image



 

 

t o  e note  t at ere t e re erence co o r  are c o e to t e gam t o n ar  t e 
irection o  o i e matc e  in c romaticit  ace  o er er  a  con traine  

 
Figure 3. CIE u’,v’ coordinates of reference colours (red marker) and corresponding 

observer matches for colours 1, 2, 5 and 6 

 
Figure 4-5. CIE u’,v’ coordinates of reference colours (red marker) and corresponding 

observer matches for colours 3, 7 & 10 and 4, 8 & 9 respectively 
t can e een rom ig re  3-  t at o er er aria i it  in greeni  an  ne tra  co o r  i  

relatively small, while in red co o r  -10) an  e (colours 2-4) region  it i  con i era  
higher. The three e re erence co o r  are located at near-identical chromaticity 
coordinates  an  t e attern o  o er er matc e  i  very imi ar et een t e t ree  gge ting 
a o i  systematic difference in the way individual o er er  made the matches. A similar 
attern can e een in t e t o re  co o r  a t o g  e  rono nce  
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4. CONCLUSIONS 
er er  matc e  a et o   re erence co o r  re ente  on a  i a  ing an -

ac it  i a  Signi icant aria i it  a  een in t e minance o  t e matc e  
suggesting that luminance is of less importance than chromaticity in an aperture-mode colour 
matc ing ta  aria i it  in matc ing o  c romaticit  a  ma  in ome co o r  t 
re ati e  ig  in certain co o r  nota  in e  e imi ar tren  een in t e matc e  or 
colours of similar chromaticity suggests there is a o i e o er er metameri m e ect 
arising from different cone sensitivities o  t e o ervers. However, further analysis is needed 
to con irm t i  o i i it   re ent  it o  e con i tent it  re t  o taine  in ot er 
studies. 

e re t  a o in icate t at a ert re mo e co o r matc e  o  e e a ate  in 
luminance and chromaticity, with higher tolerances in luminance. 
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A Comparison Study of Camera Colorimetric Characterization Models 
Considering Capture Settings Adjustment

ing   1 Haisong XU 1 and ei  2

1 State e  a orator  o  o ern tica  n tr mentation  e artment o  tica  ngineering  
e iang ni er it  ang o   ina

2 State e  a orator  o  n tria  ontro  ec no og  e iang ni er it  ang o   
China

ABSTRACT
e co orimetric c aracteri ation o  igita  camera i  o  n amenta  im ortance or it  

cientific a ication  c  a  image a e  co orimetric mea rement an  co or comm nication  e 
ma ing  rom camera  e ice e en ent igna  to   e ice in e en ent a e  efine  

 con entiona  c aracteri ation mo e  can ie  rea ona e co or acc rac  e e mo e  o e er  
ic  re ire camera ca t re etting  to e fi e  rom am e training to ractica  mea rement  o 

not ma e  e o  t e namic range an  a a ta i it  o  t e igita  camera  ene er t e ca t re 
etting  e  in ractica  mea rement are a te  t e am e training roce  a  to e er orme  

again according to the changed settings. To overcome this inconvenience, a correction procedure was 
carried out in this study to compensate the error resulted from the changes of camera capture settings. 

i  correction roce re ti i e  t e ma ing  eri e  rom con entiona  c aracteri ation mo e  
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ABSTRACT
Capture settings must be fixed for colorimetric characterization models of digital camera, 
which greatly limits the application of the cameras. In order to overcome this 
disadvantage, a correction procedure for capture settings adjustment was proposed in this 
study. To investigate the performance of the correction comprehensively, four kinds of 
widely-used characterization models were employed in this correction procedure as the 
mapping technique, including look-up table (LUT), polynomial regression, artificial neural 
networks (ANN) and support vector machine (SVM). The results show that the correction 
procudure is applicable for all kinds of colorimetric characterizations. 

1. INTRODUCTION 
The colorimetric characterization of digital camera is of fundamental importance for its 
scientific applications such as image based colorimetric measurement and color 
communication. Color characterization of still digital camera can be divided into two 
methods, i.e. spectral sensitivity-based one and target-based one, in which the latter is 
more generally used for its low cost and convenience. Until now, there are mainly four 
kinds of widely-used target-based characterization models, namely LUT (Hung 1993), 
polynomial regression (Hong et al. 2001), ANN (Cheung et al. 2002), and SVM (Yang 
2013). The mappings from device-dependent camera RGB signals to device-independent 
CIE XYZ values defined by the conventional characterization models can yield reasonable 
color accuracy. These models, however, which require camera capture settings to be fixed 
from sample training to practical measurement, do not make full use of the dynamic range 
and adaptability of the digital camera. Whenever the capture settings used in practical 
measurement are adjusted, the sample training process has to be performed again 
according to the changed settings. To overcome this inconvenience, a correction procedure 
was proposed in this study to compensate the error resulted from the changes of camera 
capture settings. Besides utilizing the mappings derived from conventional characterization 
models, this correction procedure introduces two processes, i.e. equivalent transformation 
step and scale factor step, based on the imaging system, of which the performance was 
validated through an experiment using the camera of Nikon D3x. 

2. METHOD 
The characterization model involves training part and testing part. The training procedure 
is conducted in the same way as the conventional one except that the capture settings are 
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recorded, while for the testing part the correction procedure is carried out to compensate 
the prediction error resulted by different capture settings with comparison to those in 
training part. 

2.1 Capture settings correction procedure 
The correction procedure for capture settings adjustment should be performed in following 
four steps: 

1) To transform the pixel values in the image of testing targets to equivalent ones 
corresponding to the training stage using the Eq. (1) below. This step builds the bridge 
between different capture settings including ISO sensitivity, f-number and exposure time, 
denoted as S, N, and T respectively in Eq. (1). 
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where the subscripts ts and tr stand for the testing and training ones respectively, and eq 
represents the equivalent ones. 

2) To search among training samples to find the one that is the nearest to the testing 
sample in rg chromaticity coordinates of camera RGB color space. Then to scale the 
equivalent pixel values caculated by step 1 to match the values of the corresponding 
training sample. The scale factor, K, is calculated by Eq. (2) 
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where R, G, and B are the pixel values of red, green, and blue channels.  

3) To apply the scaled RGB values to the conventional colorimetric characterization 
models, of which the parameters are determined through training procedure. For the four 
models employed in this study, LUT model was modified since a regular look-up table 
could not be obtained by the digital camera, so the weighted mean of the 8 neighbourhood 
points was chosen as the predicted values. Three order polynomial expansions were 
adopted for the polynomial regression, resulting in the size of transform matrix being 
20×3. For the popular ANN and SVM algorithms in the field of machine learning, the 
MATLAB neural network toolbox and an open library of libsvm (Chang et al. 2011) were 
used by default parameters without optimization for direct and effective comparison. 
Through the colorimetric characterization, the scaled tristimulus values XYZ could be 
obtained. 

4) To scale back the XYZ values from step 3 to the predicted ones. The scaling factor in 
this step is the reciprocal of K in Eq. (2). 

The scale factor step is involved to reduce the error caused by the nonlinear relationship 
between RGB and XYZ. Following the above steps, the RGB signals of images with 
different capture settings can be transformed to the corresponding XYZ tristimulus values 
without any more training. 

2.2 Experiments 
In the experiment, a light booth of GretagMacbeth SpectraLight III was used to provide 
stable lighting environment, in which a GretagMacbeth DC color chart was placed as the 
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color target. The odd and even numbered patches of DC color checker were adopted as the 
training and testing samples, respectively. A Nikon D3x DSLR camera was employed to 
obtain the different RGB values under various capture settings. And the measuring 
geometry is 45/0, while the exposure time and ISO sensitivity were changed in the 
experiment to investigate the impact of camera settings adjustment. 

3. RESULTS AND DISCUSSION 
For the first phase of the experiment, the exposure time was the only variable while ISO 
and f-number were fixed as 100 and 5.6, respectively. The training samples were captured 
with correct exposure of 1/15s, while the testing samples were imaged with the exposure 
time ranged from 1/2s to 1/1000s. As the result, the comparion of the prediciton 
performance, in terms of ΔE*

ab, between different characterization models is illustrated in 
Figure 1.  

 
(a) models with correction procedure (b) models without correction procedure 

Figure 1: Comparision of prediciton performance, in terms of ΔE*
ab, between different 

characterization models 
As can be seen from Figure 1, it is as expected that the prediction performance of all the 

four models achieve the best at the exposure time of 1/15s at which the training and testing 
settings are the same. The performance without correction procedure deteriorates with the 
camera settings being changed, while that with correction procedure remain at a stable 
level as the settings varies. As for the performance difference among the four models, the 
polynomial regression model is the best, while LUT is the worst due to the limited number 
and nonuniform color distribution of training samples for digital cameras. Since ANN and 
SVM were conducted using their default parameters, their prediction accuracies could be 
degraded accordingly. It could be concluded that either overexposure or underexposure 
should be avoided in applications as the prediction error with expsoure time at both end 
increases slightly.  

For the second phase of the experiment, ISO sensitivity and expsoure time varied at the 
same time in order for right exposure, while the aperture was set as f/5.6. The training 
samples were captured with the ISO sensitivity of 100, while testing samples were 
photographed with ISO speed ranged from 100 to 6400. And the exposure time was halved 
when the ISO speed doubled according to the reciprocity law. The relationship between 
prediciton error and ISO sensitivity is shown in Figure 2, which shows that the correction 
procedure is applicable to ISO speed. There is a tendancy that the prediction error becomes 
bigger as the ISO speed increases, which results from the low signal to noise ratio for high 
ISO speed. Hence, it is recommanded that ISO 3200 or 6400 should be avoided to set 
unless the lighting is too weak. 
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3) To apply the scaled RGB values to the conventional colorimetric characterization 
models, of which the parameters are determined through training procedure. For the four 
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between RGB and XYZ. Following the above steps, the RGB signals of images with 
different capture settings can be transformed to the corresponding XYZ tristimulus values 
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Figure 2: Prediction error of four characterization models with correciton procedure for 

different levels of ISO sensitivity 

4. CONCLUSIONS 
A correction procedure for camera colorimetric characterization was proposed in this study 

to compensate the prediciton error caused by capture settings adjustment. An experiment 

using Nikon D3x camera was conducted to validate the correction for four kinds of 

characterization models. It is indicated that the color prediction accuracy of all the four 

conventional models deteriorates badly as the gap between the image capture settings of 

training and testing becomes wider. On the contrary, the color differences achieved by the 

proposed correction based on the four models remain at a stable level with the capture 

settings being changed. Thereby, it can be concluded that this correction procedure for 

adjustable capture settings is applicable to different kinds of conventional colorimetric 

characterization models for camera imaging applications. In addition, the ISO sensitivity 

higher than the maximum of the standard ISO range (100-1600 for Nikon D3x) and the 

exposure value out of the dynamic range of the camera should be avoided. 
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ABSTRACT
TENMOKU ceramic  ere ro ce  in e iang Pro ince o  ine e So t ern S ng na t  

an  it i  con i ere  to e ro g t to a an  en rie t aro n   ear  ago in ama ra erio  
ecia  t e e ere ri e  in a ane e tra itiona  tea ceremon  an  one o  t e o g t a ter item 

in CHANO-YU. YUTEKI-TENOMOKU i  in  o  t e e t e ceramic  an  man  tra itiona  tea o  
ere e ignate  a nationa  trea re  e g a e a  inc e  a ot o  iron ingre ient  an  t e i a  

eat re i  oi  ro et attern on ac  gro n  o  t e ceramic r ace
e e attern a  a earance  reci itation o  iron cr ta ine an  one o  t e im ortant 

o tica  mani e tation  t at i  gonio a arent an  ani otro ic co or  t i  nece ar  ana i  corre ation 
et een c anging o  co or a earance it  ario  o tica  imen ion an  orientation o  iron 

cr ta ine in g a ing a er to c ari  c aracteri ing a o t t e e ceramic  co or a earance
n t i  t  t e at a e ate o  YUTEKI-TENOMOKU ceramic was prepared with oxidation 

iring  an  t e a ie  g a e a  com o e  e ar a a a Si 4 8  ime a 2, silica 
tone Si 4  ao inite 2Si2 5 4, and red iron oxide Fe2 3 ingredient.

The detail measuring way of color was applied the gonio photometric spectral imaging system 
ic  a  com o e  i i  cr ta ine t na e i ter  ite  i minant  an  Pe tier coo ing 

monoc rome  image en or  minant irection a    an   egree rom norma  irection  
an  etect irection a  norma  again t am e  o get ig  acc rate gonio otometric re ectance 

ectr m an  imaging in ormation  eac  a e engt  am e image  ere com en ate   mea ring 
o  ac ite attice attern to en e ma  i t amo nt o   an   irection e ore mea ring ceramic 
sample.

o t e t ree imen iona  mea ring a  o  iron cr ta ine i tri tion in g a ing a er 
a  a ie  con oca  t e a er canning micro co   an  mo e   ma e   

was used. This microscopy was applied laser scanning technology, and allowing three dimensional 
recon tr ction  o  to o ogica  com e  o ect  com ter ca c ation  an  can e en e interior 
structure with images of non-opaque specimen.

 t e re t  i tri tion in  co or ace ca c ate  rom mea re  ectra  image 
o  eac  i minant ang e a  i erent  ecia  image o   egree  ang e a  i e i tri tion 
o   irection  meta  re ection  n t e ot er an  image  o   an   egree  ang e ere 
narro  i tri tion rofi e an  i a eare  meta  re ection  YUTEKI-TENMOKU has various visual 
e ect  e en  on o tic  imen ion  n  micro co  o er ation a  ccee e  c ear  getting t ree 
imen iona  orientation in ormation o  meta  cr ta ine re ection r ace  e enefit o  com ine  it  

gonio-photometric spectral imaging and confocal type laser scanning microscopy analysis way was 
o n in t i  t  i  imaging tec no og  a  ite e  or tra itiona  ceramic  c aracteri ing

Evaluation and Analysis of YUTEKI-TENMOKU Visual
Effect on Traditional Ceramic Applied Gonio-

Photometric Spectral Imaging and Confocal Type Laser
Scanning Microscopy

Masayuki OSUMI
Office Color Science Co., Ltd.

ABSTRACT

The object of this study was developped obsevation and everuation way combined gonio-
photometric spectral imaging and conforcal type laser scanning microscopy for traditional
ceramics YUTEKI-TENMOKU. The flat shape ceramic plate was prepared with oxidation
calcinating, and the glaze was composed feldspar, lime, silica stone, kaolinate, and red iron
oxide. These were typical glaze components of YUTKI-TEMOKU. The spectral imaging
illuminant direction was 15, 45 and 75 degree from normal direction. To get highly
accurate spectrum, each wavelength images were compensated to small pixel shift by
black/white lattice pattern measuring. As the result, regarding distribution in CIELAB
color space, the image of 15 degree angle had wide distribution of L* by metal reflection.
On the other hands, images of 45 and 75 degree angle were narrow distribution and
disapeared metal reflection. YUTEKI-TENMOKU has various visual effects depend on
optics dimension. And confocal type laser scanning microscopy observation was
succeeded clearly getting three dimensional orientation of metal crystalline surface.

1. INTRODUCTION

TENMOKU ceramics were produced in Zhejiang Province of Chinese Southern Sung
Dynasty, and it was considered to be brought to Japan by Zen priest around 800 years ago
in Kamakura period. Especially, these were prized in japanese traditional tea ceremony and
one of the sought-after item in CHANO-YU. YUTEKI-TENOMOKU is kind of these type
ceramic, and many traditional tea bowls were designated a national tresure. The glaze was
included a lot of iron ingredient, and the visual feature is oil droplet pattern on black
ground of the cermic surface. These pattern was appearanced by precipitation of iron
crystaline and one of the important optical manifestation, that is gonio-apparent and
anisotropic color. It is nececsary analisys corelation between changing of color appearance
with various optical dimension and orientation of iron crystaline in glazing layer to clarify
chractarizing about these ceramics color appearance.

2. METHOD

2.1 Sample Preparation
The flat shape plate of YUTEKI-TENOMOKU ceramic was prepared with oxidation
calcinating, and the applied glaze was composed feldspar (Na,K,Ca,Ba)(Si,Al)4O8, lime
Ca(OH)2, silica stone Si(OH)4, kaolinate Al2Si2O5(OH)4, and red iron oxide Fe2O3 ingredient.
Sample size was 10cm by 10cm of square. The thcikness of glaze layer was contrloed by
dipping time and prepared 10 different thickness plates. The glaze layer thickness was
related size of oil droplet pattern.
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2.2 Colorimetric way
The detail measuring way of color was applied the gonio photometric spectral imaging
system which was composed liquid crystaline tunable filter, white LED illuminant, and
Peltier cooling monochrome CCD image sensor. Illuminant direction was 15, 45 and 75
degree from normal direction, and detect direction was normal against sample.

Figure 1: Gonio-photometric spectral imaging system.
To get highly accurate gonio-photometric reflectance spectrum and imaging information,
each wavelength sample images were compensated by measuring of black/white lattice
pattern to sence small shift amount of x and y direction before measuring ceramic sapmle.
The lattice pattern image applied pixel shift compensation were shown in Fig. 2. Before
compensation, measuring image was a lot of false color around black lattice line and
reflectance profile was not horisontal. On the other hands, the image applied pixel shift
compensation was disappeard false color.

Figure 2: Pixel shift compensation by lattice pattern.
(a):before compensation. (b):after compensation.

The measuring results of sample plate by this way, three angle illuminant image were
shown in Fig. 3.

← Wave Length → ← Wave Length →
(a) (b)
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Figure 3: Measuring Image result of YUTEKITENMOKU ceramic plate
by gonio-photometric spectral imaging.

2.3 Confocal type laser scanning microscopy observation
Also the three dimensional measuring way of iron crystaline distribution in glazing layer
was applied confocal type laser scanning microscopy, and model VK-X100 made by
KEYENCE was used. This microcopy was applied laser scanning technology, and
allowing three dimensional reconstructions of topologically complex object by computer
calculation, and can be sence interior structure with images of non-opaque specimen. In
this experiment, observation magnification was 1000 times.

3. RESULTS AND DISCUSSION

3.1 Spectral Imaging observation
As the result, CIELAB coordinate value, number of color appearance and information
entropy of each illuminant angle mesurements were shown in Table 1. Basically, YUTEKI-
TENMOKU substrate color is black, and a*, b* value were almost zero, but color was
slighty changed and angle dependent. The shade color, that is 75 degree illuminant angle
image was bluish than the other angle. The distribution in CIELAB color space calculated
from measured spectral image of each illminant angle was different. Especially, image of
15 degree angle had wide distribution of L* direction by metal reflection. On the other
hands, images of 45 and 75 degree angle were narrow distribution profile and disapeared
metal reflection. YUTEKI-TENMOKU has various visual effects depend on optics
dimension. CIELAB color space distribution of each illuminant angle is shown in Fig. 4.

Table 1: Measuring Image result of YUTEKITENMOKU ceramic plate
by gonio-photometric spectral imaging.

L* a* b*
Number of
color

appearance

Information
Entropy

15 degree 27.63 1.57 -0.52 785 5.72
45 degree 20.26 1.84 -0.48 120 4.07
75 degree 21.65 1.28 -1.75 233 4.41

15 degree illuminant

45 degree illuminant

75 degree illuminant
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system which was composed liquid crystaline tunable filter, white LED illuminant, and
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degree from normal direction, and detect direction was normal against sample.

Figure 1: Gonio-photometric spectral imaging system.
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pattern to sence small shift amount of x and y direction before measuring ceramic sapmle.
The lattice pattern image applied pixel shift compensation were shown in Fig. 2. Before
compensation, measuring image was a lot of false color around black lattice line and
reflectance profile was not horisontal. On the other hands, the image applied pixel shift
compensation was disappeard false color.
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The measuring results of sample plate by this way, three angle illuminant image were
shown in Fig. 3.

← Wave Length → ← Wave Length →
(a) (b)
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Figure 4: Measuring L* distribution of YUTEKITENMOKU ceramic plate
by gonio-photometric spectral imaging of 15, 45 and 75 degree illuminant.

In this figure, upper three isometric graph are distribution of each angle at L*=40. The L*
distribution of each illuminant angle were shown in Fig. 5. The horizontal axis was width
direction of ceramic sample plate, and vertical axis is L*. Figure 4 and 5 are related with
number of color appearance and information entropy in Table 1. The distribution of 15
degree image is wider than the other angle distribution by metal crystalline reflection,
especially, L* distribution is quite large.

Figure 5: Measuring L* distribution of YUTEKITENMOKU ceramic plate
by gonio-photometric spectral imaging of 15, 45 and 75 degree illuminant.
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Figure 6: Measuring L* distribution of YUTEKITENMOKU ceramic plate

by gonio-photometric spectral imaging of 15, 45 and 75 degree illuminant.

The Laplacian filter value calculation results of each angle are shown in Fig. 6. After
measuring sample plate, the Laplacian filter value of each 10nm wavelength from 420 to
700nm measured spectral imaging data was calculated with various filter size by equation
1. This value is applied secondary deviation and one of the deformed contour intensifying
filter. The size meaning is number of pixel and average area of filter calculation and related
spatial frequency.

(1)

The image of 15 degree illuminant, the Laplacian filter value was different and extremely
huge compare with the other illuminant angle image. On the other hands, 45 and 75
illuminant image was similar and all image was not dependent on wavelength.

3.2 Confocal type laser scanning microscopy observation
The microscopy observation was succeeded clearly getting three dimensional orientation
information of metal crystalline reflection surface. The measuring result was shown in Fig
7. The left image was laser and optics synthetic image, and recognized iron crystalline.
And the glazing layer has sea island structure. The large particle crystalline was oriented
almost horizontally. The non-iron crystalline area has various colors. The right image was
three dimensional bird’s-eye view drawing of the left side image. The iron crystalline was
distributed around 2 or 3 micron of vertical direction, and glaze layer thick ness is around 5
to 10 micron. These orientation and distribution were correlated with various colors visual
effects depend on optics dimension of YUTEKI-TENMOKU.
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Figure 7: Example of Confocal type laser scanning microscopy.

4. CONCLUSIONS
YUTEKI-TENMOKU has various visual effects depend on optics dimension. And
microscopy observation was succeeded clearly getting three dimensional orientation
information of metal crystalline reflection surface. The benefit of combined with gonio-
photometric spectral imaging and confocal type laser scanning microscopy analysis way
was shown in this study. This imaging technology was quite useful for traditional ceramics
characterizing.
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ABSTRACT
The topic of measuring skin color has long been extensively studied due to the strong interests 

from the photographic, digital imaging, cosmetic, medical applications. However for the various 
applications, the measuring methods and objectives of study are very different. For example, the 
contact method like spectrophotometer has been widely used for medical application such as to 
reproduce colours for graphic applications, to detect skin related diseases, etc. The non-contact method 
has been used for the appearance related application such as cosmetic, Chinese medicines, skin 
lighting. The results from both methods could be very different. In order to acquire standard in this 
regar  ome a ic t  o  e one  o e er  in ome o  t e ata a e  c  a  S S  efine   
ISO, the measurement results were mixed. 

In the present study, four different measuring methods, five different measuring devices and 
tools were used to measure human skin color. They include none contact method (a digital camera, 
a skin color chart for visual assessment, aspectroradiometer), and contact method including 2 
spectrophotometer, which had different geometries: 45°: 0° and di: 8°and also different apertures 

mm an  mm  re ecti e    ore cent im ator a  e  a  cei ing ig t to i minate t e 
subject for visual assessment.

In total, 51 subjects from four skin groups participated in the experiment: 21 Chinese, 10 
Pakistanis, 10 Caucasians and 10 Africans. For each subject and each method except the visual match, 
eig t art  o  t e o  ere mea re  ore ea  rig t c ee  e t c ee  an  ac  fi t ac  a m  
inner forearm and outer forearm. For the visual match against a Pantone skin chart, three different 
observers measured only the forehead and the right cheek separately. In total, 408 data were obtained. 

The data were analyzed in respect of the color shifts between different parts of the body, 
between two genders,between difference nations,and between different measuring methods. The 
results showed that the facial skin color (forehead, right cheek and left cheek) had a smaller hue angle 
re er  t an co or o  t e arm an  ac  fi t ac  a m  inner orearm an  o ter orearm  ear 

tren  ere i entifie  rom t e e erimenta  re t  i e  t e more t e in i  e o e  to n c  a  
forehead, the chroma value of the skin color will be higher and the lightness value will be lower than 
the area such as inner arm, indicating an increase of ‘saturation’ or ‘depth’. There is also systematic 
difference between female’s and male’s skin colours, i.e. female colours are slightly pinkish and lighter 
than males’. Different measuring methods’ results show very similar patterns and the major difference 
is in the region of long wavelength of their spectrals.

     Finally, Principle Components Analysis (PCA) method was used to analyze all 
the reflectance data and the results indicated that three primary components can achieve very high 
accumulative contribution. And it implied that it is possible to reconstruct human skin spectral 
re ectance ing on  one ing e mo e
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ABSTRACT 
This study investigates the skin colours. The goal is to understand the skin colour difference 
between different races, between genders, between different positions, and between different 
measuring methods. 47 observers from four skin groups were measured in terms of their spectral 
reflectance using 5 methods: two spectrophotometers, one tele-spectroradiometer, one camera and 
visual method. The data were analyzed and all the differences were successfully revealed. Also, 
the uncertainly of each method's uncertainty was established. Only the results of 
spectrophotometric data were reported. The results reveal the systematic trends between different 
body locations, between different genders, between skin groups and between spectrophotometers 
having different geometries. 

1. INTRODUCTION 
The topic of measuring skin color has long been extensively studied due to the strong interests 
from the photographic, digital imaging, cosmetic, medical applications. However the measuring 
methods and objectives of different applications are very different. For example, the contact 
method like spectrophotometer has been widely used for medical to detect skin related diseases 
and graphic applications for clour reproduction and communication. The non-contact method has 
been used for the appearance related application such as cosmetic, Chinese medicines, skin 
lighting. Also, with different illumination/viewing geometry, the measurement results could be 
quite different (Sun and Fairchild, 2001; Xiao, et al, 2012). However, in some of the databases 
such as SOCS (ISO, 1998) the measurement results were obtained using different methods. This 
would lead to quite different results for the same sample. In order to establish standard in this 
regard, basic study should be done to reveal the measuring difference between different methods. 
In this paper, we will discuss about the characteristics of human skin colour and the difference of 
different measurements. 

2. METHOD 
In the present study, four different measuring methods, five different measuring devices and tools 
were used. They include 3 non-contact methods (a digital camera, a skin colour chart for visual 
assessment, a spectroradiometer), and 2 contact methods including 2 spectrophotometers having 
different geometries: 45o:0o and di:8o. A D65 fluorescent simulator hand on the ceiling was used 
to illuminate the subject for visual assessment. 
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 In total, 47 subjects from four skin groups participated in the experiment: 20 Chinese, 10 
Pakistanis, 10 Caucasians, 5 Africans and 2 Sri Lankan. They were renamed as Chinese, Sub-
Asian, Caucasian and Dark skin groups. Note the skin colours of Sri Lankan and African showed 
the darkest colours so that the name Dark was used. For each subject and each method except the 
visual match, eight locations of the body were measured: forehead, right cheek, left cheek, hand 
back, fist back, palm, inner forearm and outer forearm. For the visual match against a Pantone skin 
chart, three different observers measured only the forehead and the right cheek separately. In total, 
408 data were obtained. It was found that some large difference between the contact and ono-
contact methods, only the results based on the two spectrophotometers differed in 
illumination\viewing geometry (45o:0o and di:8o) were compared in this study. Methods from other 
methods will be reported elsewhere 

3. RESULTS AND DISCUSSION 
3.1 Colour Variation between Different body Locations 
Figure 1 shows the results from the di:8o geometry. The results measured using the 45o:0o geometry 
were very similar. In Figure 1, the mean results from all the 20 Chinese subjects and plot them in 
CIELAB a*-b* and L*-Cab

*.  

 

 
(a)                                                                           (b) 

Figure 1: Chinese averaged data in a) in a*-b* plane, and b) L*-Cab
* plane 

     From Figure 1a, some systematic patterns can be seen. All the colours had hue angles red-
yellow region. The data from eight locations are divided into two groups: one group contains all 
facial colours (forehead, right cheek and left cheek), while the other group contains all arm 
colours (hand back, fist, palm, outer forearm and inner forearm.) And within each group, the 
colours were very close in hue angle. It can be seen that arm colours are yellower than facial 
colours. This is expected due to the former colours are less exposed to the sun.  

 Figure 1b plots the same data in L*-Cab
* plane. It can be seen that all colours lie in a more or 

less straight line with an intercept to the L* axis. This Line is close to the definition of 
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‘Whiteness’ as defined by NCS. Luo et al (2011) who developed whiteness and blackness model 
based on NCS colour atlas data. It was found that whiteness and blackness scales are visual 
sensations as the distance from the sample to the white and black point (L* of 100 and of 0), 
respectively. The shorter the distance means a whiter or blacker colour, respectively. The results 
in Figure 1b clearly demonstrate that the arm colours are whiter than facial colours for Chinese 
subjects. A whiter colours also mean lower Chroma and higher lightness colours. This systematic 
patterns are similar to the Caucasian and Sub-Asian groups, but not to the Dark skin group. 

     Figure 2 shows the averaged data of the dark skin group also from di:8o geometry. As can be 
seen in Figure 2b, the trend is different from that in Figure 1b. Here, all colours are located on so 
call blackness scale. Figure 2a shows that all colours had similar hue with facial colours slightly 
redder than arm colours, similar to that in Figure 1a. However, the palm colour appears the most 
yellower and the brightest among all colours.  

 

 
(a)                                                                            (b) 

Figure 2: Averaged data of the dark skin group in a) a*-b* and b) L*-Cab
* planes. 

 

3.2 Colour Variation between Different Subject Groups      
 Figure 3 plots all the colours for all subject groups in L*-Cab

* for a) 45o:0o and b) di:8o 
spectrophotometers. Both figures showed the same trend, i.e. the colours following the whiteness 
and blackness scales. This indicates that both spectrophotometric methods gave similar results.  

 The most obvious trend is that Caucasian and Chinese colours have the largest lightness 
values, follow by Sub-Asian and the dark skin group the smallest. Also, as described earlier, the 
colours of the three subject groups except dark skin group, they all lie in whiteness scale. As for 
the dark skin group, they lie on blackness scale. 
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(a)                                                                           (b) 

Figure 3: All data plotted on L*-Cab
* plane a) for 45o:0o, and b) for di:0o instruments 

 

3.3 Colour variation between Different Genders      
 The results also revealed that female and male’s skin colours are different. Again, same 
clear trend was found between the two spectrophotometric methods. Figure 4 plots the data from 
the Chinese group to illustrate trend in a*-b* and L*-Cab

* planes respectively. The results clearly 
showed that the skin colours for both genders had very similar hue but female colours are less 
colourful (see Figure 4a), and all data fall in the same line representing whiteness scale, with 
female colours whiter than male colours.  

 
(a)                                                                            (b) 

Figure 4: Gender difference of Chinese skin colour in a) a*-b* and b) L*-Cab
* planes 

0

10

20

30

40

50

60

70

80

0

100

0 10 20 30 40 50

L*

Cab
*

hinese

a casian

basian

ark

0

10

20

30

40

50

60

70

80

0

100

0 10 20 30 40 50

L*

Cab
*

hinese

a casian

basian

ark

0

5

10

15

20

25

0 5 10 15 20 25

b*

a*

hinese male

hinese female

50

55

60

65

70

75

10 15 20 25 30 35

L*

Cab*

hinese male

hinese female

156
AIC2015 TOKYO - Color and Image



5 
 

 

3.4 Colour variation between Different Geometry of Spectrophotometric Methods 
 The last comparison was made between the results from two spectrophotometers having 
different geometry. Figure 5 shows the mean spectral reflectance functions of all Chinese skin 
colours between the two spectrophotometers studied. It can be seen that the two curves agree 
very well until reach 550nm, for which 45o:0o are higher than di:8o geometry. Figure 6 shows the 
Chinese data of two measuring geometries (45o:0o and di:8o) on a*-b* and L*-Cab

* planes. Figure 
6b clearly showed that the 45o:0o results are less colourful and darker than those of di:8o. This 
indicates that a skin colour reflecting more light in long wavelength will result in an increase in 
Chroma and Lightness. 

 

 

  
Figure 5: Difference of two measurement 

 

 
(a)                                                                           (b) 

Figure 6: Chinese averaged data of di:8o and 45o:0o in a) a*-b* plane, and b) L*-Cab
* plane 
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4. CONCLUSIONS 
Five methods were employed to measure skin colours. It was found that the results are 

somewhat different. This paper is focused on the measurements based upon two 
spectrophotometers having geometries of 45o:0o and di:8o. The results reveal the following 
systematic trends: 

x Comparing between different body locations, arm colours are yellower and whiter than 
facial colours for all skin groups except that of dark skin group, for which their colours 
lie in the blackness scale.  

x Comparing different genders, female colours are yellower and whiter than male colours.  

x Comparing different skin colours, the difference is mainly in lightness, Chinese and 
Caucasian gave the largest and dark group is the smallest.  

x Finally, di:8o geometry data will have a higher spectral reflectance above 550nm, which 
results in lighter and more colourful appearance than those of 45o:0o. 
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ABSTRACT
Lighting appearance in rooms is of great importance for lighting research. However, most of 

t e re earc e  ere carrie  o t in care  contro e  com artment  or room  i e i et a  ea 
an  re inier  no an  ein  n or er to eri  t e conc ion  ra n rom ear ier t ie  t e 
lighting appearance of 20 different shops in two representative modern shopping malls in the city of 

ang o  ina  ere in e tigate  e aim a  to t  t e ig ting a earance in rea  en ironment 
an  e ent a  to e ta i  an imaging a e  met o  or anti ing t e i a  erce tion in rea  
i ing en ironment  i e  image roce ing o t are rom image  ia ca i ration  i a  mo e ing an  

prediction.
i erent t e  o  o  ere i ite  to oo  into t e ig ting am iance or i erent 

categorie  o  t  i e co t me  oe  co metic  e e r  atc e  an  oo  ro ct  ot  ica  
mea rement an  c o ica  a e ment ere carrie  o t im taneo   mea ring a 
1.2×0.8 m2 ite oar  rom a i tance o   meter  ir t  an image a  ca t re   a anon igita  
camera it  a ac et  o or ec  art on t e r ace o  t e ite oar  e ig ting arameter  
inc ing minance  corre ate  co or tem erat re  ectra  o er i tri tion SP   
coor inate  ere mea re   a P oto e earc  P  ectrora iometer  n t e i a  a e ment 
e eriment  t ree norma  co o r i ion o er er  e timate  t e rig tne  co or ne  an  e 
composition of the scene appearance in the shops using the magnitude estimation method.

e ata o  i erent am ient cene  in o ing ma  ere ana e  t a  o n  t at t e 
ic ace  i e t e ca ier  corri or an  entrance   am  a e een i e  e  eca e o  

it  great a antage  on ong i e an  energ  a ing  o e er  t e ma orit  o  ran e  tore  ti  
ee  ing con entiona  am  c  a  ore cent am  an  e  t ng ten am  or i minating t e 

merchandise in consideration of higher colour rendering and special lighting effect. For the physical 
measurement, the vertical luminance values were found in the range 100-200 cd/m2 at the height of 

m  e corre ate  co o r tem erat re   in t e o  a  in t e co e o   to  
ic  create a arm an  com orta e ee ing  ne a e e e r  o  i  an e ce tion to e a ig   

a o t  ic  i  a t ica  am  e  in t e tra e
e e erimenta  re t  confirme  ome o  t e ear ier fin ing  t a o a e t eir o n eat re  

it  imi ar minance  a ig t it  ig er  ma e  t e room to e rig ter t an t at it  o er 
 o e er  a  t e ig tne  arie  rom o  to o  in ractica  en ironment in tea  o  eing 

con tant  ig er  i  ercei e  to e more e o i  t not occ r to e rig ter in o r e eriment  
S r ri ing  ig er minance a e  o not corre on  to e rig ter i a  in t e co e o   to 
200 cd/m2 eca e  a  a ig e ect  e ecia  en  i  e o    a co o r 
a earance mo e  or re icting o ect co o r  a  a o e  to re ict i a  erce tion in a room  
t a  o n  t at  re ict  e  in term  o  co or ne  an  e com o ition e ce t 
rig tne  in rea  room  n e ten ion e ation a  e  to a t t e rig tne  ca e o   

an  it t rne  o t to confirm i  met o
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2School of Design, University of Leeds, Leeds,  

ABSTRACT 

The current investigations of lighting appearance in rooms are mostly carried out in 
carefully controlled compartments or rooms. n or er to eri  t e conc ion  rawn from 
earlier studies, the lighting appearance of 21 different shops in two representative modern 

o ing ma  in t e cit  o  ang o  ina  ere in e tigate  e aim a  to t  t e 
ig ting a earance in rea  en ironment an  e ent a  to e ta ish an imaging- a e  

method for quantifying the visual perception in real living environment, i.e. image 
roce ing o t are rom image  ia ca i ration  i a  mo e ing an  re iction  The 

 co our appearance model was used as a colorimetric metric to predict the room 
appearance. t a  o n  t at rooms with similar luminance, a light with higher CCT 
(Correlated Colour Temperature) appears rig ter t an t at it  o er  However, as 
luminance levels varies from shop to shop in practical environment in tea  o  eing 
con tant  ig er  i  ercei e  to e more e o i  t not occ r to e rig ter in o r 
experiment. e com ari on o  room a earance et een  re iction an  
visual assessment was shown. t a  o n  t at CAM02 predicts well for colorfulness 
and hue composition t not rig tne  in rea  room  n e ten ion e ation a  e  to 
a t t e rig tne  ca e o   and the new model turned out to predict 
rig tne  e . 

1. INTRODUCTION 

Lighting appearance in rooms is of great importance for lighting research. Most of the 
previous or  on lighting appearance were conducted in well-controlled environment, 
i e i et a  (2014) and no an  ein (2014) in a room, and Rea and Freyssinier (2013) in 

a ie ing ca inet. There is a need to investigate the earlier results in controlled 
en ironment to e agree  it  t o e rom t e rea  en ironment  or ic  mi e  ig ting  
re ent  ta e ace  n t i  a er  t e e erimenta  ata and analysis in scaling room 

appearance of modern o ing ma  in cit  i  e rovided. The investigation of lighting 
appearance in shops can o er t e a i  or applying colour science in real environments. 

2. METHOD 

2.1 Overviews 

n t e c rrent t  the experiment was conducted in 21 shops of two modern shopping 
ma  to oo  into t e ig ting appearance. Both physical measurement and psychophysical 
assessment were carried out simultaneously.  
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2.2 Experimental shops 

The categories of shops included costume, shoes, cosmetics, jewellery, watches and food 
products it  i erent t e  o  ecoration an  am iance. Figure 1 shows the experimental 
it ation in a o   arge i e ite car oar  1.2×0.8 m2) attached with an Xrite 
ac et  o or ec er Chart a  e  to e ace  in ront o  a region re resenting 

typical illumination area.  

 

Figure 1: An example of experimental situation in a shoes store. 

A P oto e earc  P  tele-spectroradiometer (denoted as TSR hereafter) was used to 
measure luminance, CCT, SPD, u’v’ coordinates. e car oar  had L*, a   a e  o  
80.8, -0.25 and  under D65 and   standard co orimetric o er er. Figure 2 
shows the percentages in ranges of  minance  -Ra and lighting technologies 
investigated. t can e seen that the CCTs are in the range of 2500 to . This indicates 
that most shops apply a yellowish and warmer am iance to create a ‘comfort’ environment 
a  re orte   Liu et al. (2014). e minance range i  main  et een  cd/m2 and 200 
cd/m2. The colour rendering a e  in -Ra in shops are rea ona  ig  i e  mostly 
a o e  Many shops apply different lighting technologies to produce special am ient 
effect to illuminant their products. Furthermore, the  ig ting  a e een e  
o ate  o er  e concept of energy conservation ha  een e  recei e   t e 

modern shopping mall. 

 
CCT( ) Luminance(cd/m2) -Ra minant  

Figure 2: The distribution of CCT, luminance, CIE-Ra and the percentages of different 
illumination technologies. 
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2.3 Categorical judgement 

e categorica  gement a  e  to e cri e ig t a earance in o   t ree normal 
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Figure 3: Hue circle with four unique colours.  
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(a)  

Figure 4: a) The relation between luminance and visual brightness, b) CCT effect on visual 
brightness for similar luminance data. 

The effect of CCT on colorfulness was also analy ed (see Figure 5). The results 
showed that a shop with a higher CCT would appear less colorful an  more i e  to e 
perceived as neutral white  e rea on can e t at for  e o   o er  oo  
more yellowish while higher CCT is closer to white and appears less colorful. This agrees 

it  t at o n   i et a   

 

Figure 5: The relationship between CCT and visual colorfulness. 

3.2 The comparison of visual perception and CIECAM02 prediction 

e  mo e   2004) was utilised to predict visual perceptions on 
rig tne  co or ne  an  e com o ition a  e  e comparison of the predictions 

and visual rig tne  co or ne  an  e com o ition results are shown in Figures 6 and 
 re ecti e  t shows the  re ict  e  to the colorfulness and hue 

composition results t not to the rig tne  results. 

     

Figure 6: The relationship between CIECAM02 predicted and visual brightness. 

162
AIC2015 TOKYO - Color and Image



 

 

 
Figure 7: The relationship between CIECAM02 predicted and visual colorfulness (left) and 

hue composition (right). 

3.3 The modified CIECAM02 in consideration of CCT effect on visual brightness 

n t e  mo e   a  no impact on rig tne  prediction. However, Figure 
 strongly reveals a trend that higher  ea  to a rig ter erce tion  So an e ten ion, 

a linear function norma i ed at  as given in equation (1) was applied. 

   -4  Q u u u                                           (1) 

where T means CCT value,  i  t e rig tne  com te   t e origina   an  
Q’ is the brightness  t e mo i ie  mo e . ccor ing to   CCT was then 
im emente  a  a aria e for rig tne  re iction. The result demonstrates that the new 
model re ict  t e rig tne  e  against experimental visual data comparing Figures 8a 
and 8 . 

 
(a)  

Figure 8.  a) The relation between original CIECAM02 brightness prediction and visual 
brightness, b) modified CIECAM02 brightness prediction against visual brightness. 
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perceived rig ter and less colorful. The M02 model predicts well on colorfulness 
and hue composition t not rig tne . Hence, an extension of the model was applied 
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considering the effect of CCT and it turned out to fit quite well with visual rig tne  
perception. 
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ABSTRACT
ntro ction  

A recent study has shown that intrinsically photoreceptive retinal ganglion cells (ipRGCs), which 
contains photopigment melanopsin, project to the pupillary control center in the pretectum. The 
gang ion ce  i  oto en iti e an  recei e  igna  rom c a ica  otorece tor  t o g  ot  cone 
an  i  igna  contri te to i ar  ig t re e  it i  i fic t to in e tigate o  t e e igna  are 
summed. The challenge stems primarily from the need for selective stimulation of each photoreceptor 
type. Here, we independently stimulated human ipRGCs and cones, and investigated how signals 
ri en  i  an  cone me iate  igna  contri te to t e i ar  contro  mec ani m  

Methods: 
 o r rimar  i mination tem t at ena e  in e en ent tim ation o  eac  otorece tor c a  

(Tsujimura et al., 2010) was used to present the following three types of test stimuli: one varying 
L-, M- and S-cone stimulation only without change in stimulation of ipRGCs (LMS-cone stimulus), 
another varying radiant flux of the stimuli without change in spectral composition which reduced/
increased the radiant flux uniformly at all wavelengths (Light flux stimulus) and the other varying 
ipRGC stimulation without change in stimulation of L-, M- and S-cones (ipRGC stimulus). The intense 
te t an  a a ting fie  ic  minimi e  t e in o ement o  ro  ere e  e te t an  a a ting 
fie  a  a  coor inate o    an  a minance o   c  m  or t e te t fie  an   
c  m  or t e a a ting ie  re ecti e  e te t tim i ere generate  a e  on t e cone an  
i  ectra  en iti itie  o  ic  t e ea  a e engt  i   nm  e tran ient i  re on e  to 
these stimuli were measured.

e t   onc ion
t a  o n  t at t e tran ient i  re on e to i  tim i a  a onger atenc  t an t e re on e  

to the LMS-cone and light flux stimuli. The results indicate that we successfully demonstrated the 
pupillary response to ipRGCs under conditions where ipRGCs are isolated in humans. The longer 
latency suggests that signals from ipRGCs in the non-image forming pathway travel more slowly than 
that of the LMS achromatic mechanism in the image forming pathway.

Pupillary light reflex associated with melanopsin and 
cone photorecetors

Sei-ichi Tsujimura,1 at nori a ima 2

1 ac t  o  Science  an  ngineering  ago ima ni er it  a an  
2 ac t  o  n ironment an  n ormation Science  o o ama ationa  ni er it   

ABSTRACT 

Retinal ganglion cells containing the photopigment melanopsin are intrinsically 
photosensitive in primates. Several studies have shown that the intrinsically photoreceptive 
retinal ganglion cells project to the pupillary control center in the pretectum. Here, we 
independently stimulated human ipRGCs and cones, and investigated how signals driven 

 i  an  cone me iate  igna  contri te to the pupillary control mechanism. A 
o r rimar  i mination tem t at ena e  in e endent stimulation of each 

photoreceptor class was used to present the following three types of test stimuli. The 
transient pupil responses to these stimuli were mea re  t a  o n  t at t e tran ient 
pupil response to ipRGC stimuli had a longer latency than the responses to the LMS-cone 
and light flux stimuli. The longer latency suggests that signals from ipRGCs in the non-
image forming pathway travel more slowly than that of the LMS achromatic mechanism in 
the image forming pathway. 

1. INTRODUCTION 

The intrinsically photoreceptive retinal ganglion cells (ipRGCs), which contains 
photopigment melanopsin, mediate signals to the pupillary control center in the pretectum. 
The ganglion cell is photosensitive and receives signals from classical photoreceptors. 

t o g  ot  cone  an  i me iate  igna  contri te to i ar  ig t re e  it i  
difficult to investigate how these signals are summed. Here, we independently stimulated 
human cones and ipRGCs, and investigated how cone- and ipRGC-mediated signals 
contri te to t e i ar  contro  mec ani m  

2. METHODS 

2.1 Apparatus 

An eight-channel, four-primary illumination system (Brown et al   t at ena e  
independent stimulation of each photoreceptor class was used to present the following 
three types of test stimuli: one varying L-, M- and S-cone stimulation only without change 
in stimulation of ipRGCs (LMS-cone stimulus), another varying radiant flux of the stimuli 
without change in spectral composition which reduced/increased the radiant flux uniformly 
at all wavelengths (Light flux stimulus) and the other varying ipRGC stimulation without 
change in stimulation of L-, M- and S-cones (ipRGC stimulus). The intense test and 
a a ting ie  ere e  ic  minimi e  t e in o vement of rods. The test and adapting 
ie  a  a  coor inate o    an  a uminance of 1,221 cd m  for the test 

field and 355 cd m  for the adapting field, respectively. The transient pupil responses to 
these stimuli were measured. 
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ig re  ig t c anne  o r rimar  tim ation stem 

2.2 Spectral sensitivity curve for melanopsin ganglion cell 

e te t tim i ere generate  a e  on t e cone and ipRGC spectral sensitivities. The 
eg cone n amenta  ro o e   Stoc man et al. Stoc man et al    ere 

used to calculate the stimulation of Long-wavelength sensitive cone (L cone), Middle-
wavelength sensitive cone (M cone) and Short-wavelength sensitive cone (S cone). We 
estimated the spectral sensitivity curve of ipRGCs a e  on a igment tem ate nomogram 

it  a ea  a e engt  λmax, of 480 nm and ocular optical properties. The lens and 
mac ar igment en it  ectra ere t o e o  Stoc man et al. The fraction of incident 
ig t a or e   t e rece tor e en  on ea  a ial optical density (D ea ). We tentatively 

chose 0.1 as the D ea  for ipRGC. We assumed that neither the S cones nor the ipRGC 
affect the photopic luminance efficiency function (i.e., luminance), despite using photopic 
luminance units (cd m  Simi ar to S cone tim ation o nton an  am e   one 
ipRGC stimulation was defined as the level of ipRGC tim ation ro ce   an e a  
energy spectrum of luminance 1 cd m . The resultant spectral sensitivity function of 
i  in a eg ie  i a e  a ea  o   at a a e engt  o   nm  e a e o  
spectral sensitivity curve we estimated is similar to t at ro o e   ca  an  i  
co eag e  ne i et al., 2011). We further considered the human macular pigment density 
at 10-deg for the estimation.   

2.3 Procedure 

i e i a  correcte  o er er  age range  years) participated in the experiment. 
 o er er  a  norma  co or i ion accor ing to t e i ara co or in ne  te t   

o er er  ga e t eir ritten in orme  con ent  an  t e t  a  a ro e   t e oca  
re earc  et ic  committee  e o er er  ere eated 25 cm from the diffuser and 
monoc ar  i ate  on a ac  a te e cro  ic  ten e   an  a  a a  
present at the center of the diffuser. After an initia  a a tation erio  o   min  e egan a 
session of experimental trials. We used a ramp stimulus presented for 500 ms. 
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The pupil of the right eye was imaged using a video camera (Dragonfly, Point Grey 
e earc  ana a  ocate   m rom t e o er er an   na a  to t e i a  a i  e 

video image was fed into a personal computer and ana e  ing a  an   
i ion o t are ationa  n tr ment  at a re enc  o    e i  a  ocate  

using thresholding and edge detection techniques, a o ing t e i  iameter to e 
ana e  

3. RESULTS AND DISCUSSION 

3.1 Influence of a modulation of ipRGC on amplitude of pupil response 

Since ot  ig t  an  S cone tim i mo ated cones in the same way these 
tim i ere in i ting i a e or cone  ere ore  t e i erence co  e attri te  to 

the difference in stimulation with or without ipRGC modulation. Pupil responses to the 
Light flux stimulus and to the LMS-cone stimulus were o n in ig  t a  o n  t at 
t e am it e e icite   S cone tim  a  igni icant  ig er t an t at  t e 
Light flux stimulus. The average pupil response was 0.24±0.06 mm for the LMS-cone 

stimulus, 0.20±  mm or t e ig t  tim  an  ±0.04 mm for the ipRGC 

tim  n ot er or  t e mo ation o  i  in Light flux stimulus influenced 
amplitude of the pupil response, suggesting that the ipRGC stimulation suppresses 
pupillary amplitude response.  

Figure 2 Pupillary responses and its amplitudes to t e S cone tim  ac  to ig t 
 tim  re  an  to t e i  tim  e). 

3.2 Sluggish pupillary response to the ipRGC stimulus 

ica  norma i e  i  re on e  are o n in ig   e ori onta  a i  re re ent  a 
time and the vertical axis represents pupil diameter  in mm to t e te t tim i  e ac  
curve represents curves for the LMS-cone stimulus, the red curve for the Light flux 
tim  an  t e e c r e or t e i  tim  t a  o n  t at t e tran ient i  

response to the ipRGC stimulus had a longer latency than those to the LMS-cone and to the 
Light flux stimuli. The average pupil latencies were  m  or t e S cone 
stimulus, 821±41 ms for the Light flux stimulus and  m  or t e i  

ig re  ig t c anne  o r rimar  tim ation stem 

2.2 Spectral sensitivity curve for melanopsin ganglion cell 

e te t tim i ere generate  a e  on t e cone and ipRGC spectral sensitivities. The 
eg cone n amenta  ro o e   Stoc man et al. Stoc man et al    ere 

used to calculate the stimulation of Long-wavelength sensitive cone (L cone), Middle-
wavelength sensitive cone (M cone) and Short-wavelength sensitive cone (S cone). We 
estimated the spectral sensitivity curve of ipRGCs a e  on a igment tem ate nomogram 

it  a ea  a e engt  λmax, of 480 nm and ocular optical properties. The lens and 
mac ar igment en it  ectra ere t o e o  Stoc man et al. The fraction of incident 
ig t a or e   t e rece tor e en  on ea  a ial optical density (D ea ). We tentatively 

chose 0.1 as the D ea  for ipRGC. We assumed that neither the S cones nor the ipRGC 
affect the photopic luminance efficiency function (i.e., luminance), despite using photopic 
luminance units (cd m  Simi ar to S cone tim ation o nton an  am e   one 
ipRGC stimulation was defined as the level of ipRGC tim ation ro ce   an e a  
energy spectrum of luminance 1 cd m . The resultant spectral sensitivity function of 
i  in a eg ie  i a e  a ea  o   at a a e engt  o   nm  e a e o  
spectral sensitivity curve we estimated is similar to t at ro o e   ca  an  i  
co eag e  ne i et al., 2011). We further considered the human macular pigment density 
at 10-deg for the estimation.   

2.3 Procedure 

i e i a  correcte  o er er  age range  years) participated in the experiment. 
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re earc  et ic  committee  e o er er  ere eated 25 cm from the diffuser and 
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present at the center of the diffuser. After an initia  a a tation erio  o   min  e egan a 
session of experimental trials. We used a ramp stimulus presented for 500 ms. 
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stimulus. The longer latency to the ipRGC stimulus was consistent with those in the 
previous study (Lucas et al., 2001; Tsujimura et al., 2011), suggesting that the ipRGC-
mediated signals in the non-image forming pathway travel more slowly than the LMS 
cone-mediated achromatic signals in the image forming pathway. These results suggested 
that the pupil responses to the LMS-cone stimulus and to the Light flux stimulus are 
me iate   cone  an  t o e to t e i  tim  are me iate   i  

Figure 3 Normalised pupillary responses to the LMS-cone tim  ac  to ig t  
tim  re  an  to t e i  tim  e  

4. CONCLUSIONS 

t a  o n  t at t e tran ient i  re on e to ipRGC stimuli had a longer latency than 
the responses to the LMS-cone stimulus and to the Light flux stimulus. The results indicate 
that we successfully demonstrated the pupillary response to ipRGCs under conditions 
where ipRGCs are isolated in humans. The longer latency suggests that signals from 
ipRGCs in the non-image forming pathway travel more slowly than that of the LMS-cone 
mediated signals in the image forming pathway. 
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Experimental Research on EEG Characteristics in Red, Green, Blue, 
and White Color Space Consequent on the Degree of Depression

ee on  1 anna  2 i eon  1 and in oo  3

1 octor o r e  e t  o  rc itect ra  ngineering   orea
2 oroo Paint  oating  o  t  P  orea

3 Pro e or  e t  o  rc itect ra  ngineering  ngnam ationa  ni er it  orea

ABSTRACT
o or i  t e mo t in entia  en ironmenta  actor on  an  it i  connote  in  ace or a t ing  

to ic  e are e o e  e e a  co or ometime  reme ie  i ea e  i e e re ion or tre  
ing t e in ence o  co or on a man c o og  ere a e een re earc  or  on e re ion 

an  co or  t it  act a  rare to fin  t e re earc  or  on t e ana i  o   in a i e i e oc  
tate  ere on  t i  t  i  inten ing to ma e a com arati e ana i  o   c aracteri tic  in a i e
i e oc  co or ace ing t e mo t i e  e  ec  e re ion n entor  among 

t e e re ort t e e tionnaire  t at a e een e e o e  to mea re t e e re ion ca e  
 or t e e erimenta  en ironment  t i  t  in ta e  mm i e  tan ar  

i minant in t e ace o  mm i e e  room   S  reen room  
 S  e room   S  an  ite room  S  re ecti e  

and set up interior illuminance as 1001x. 
n a ition  t i  t  com are  t e re t  o   mea rement  c a i ing t e ect  

in t eir   a  a norma  gro  an  a e re ion gro  accor ing to  e re ion Se
Diagnosis results. 

 a re t o  t i  re earc  it a  o n  o t t at t ere a eare  a i erence in  in icator 
in co or ace accor ing to t e e re ion ca e    t i  t  a  a e to earn t at t ere a eare  
a i erence in  in icator in co or ace  con e ent on t e egree o  e re ion  ic  i  
inter rete  a  t e act t at t  egree o  e re ion a  an in ence on  n or er to genera i e 
t e e erimenta  re t  t i  t  i  going to con ct a o o  e eriment  com o ing t e age 
gro  o  t e ect  more i er e

 
E peri en al Re earc  on EEG C arac eri ic  in Red  
Green  l e  and i e Color Space con e en  on e 

Degree of Depre ion 
ee on 1, anna 2  i eon 1, in oo  3

1 octor o r e  e t  o  rc itect ra  ngineering   orea 
2 oroo Paint  oating  o  t  P  orea

3 Pro e or  e t  o  rc itect ra  ngineering  ngnam ationa  ni er it  orea 

A STRACT 

i  t  i  inten ing to ana e t e rain a e ro ert  in co or ace in re  green  e 
and white according to the depression level. This study conducted the experiment on 6 
ema e ect  in t eir  an  t e e eriment re t i  a  o o  ir t  a ter 

con cting e iagno i  c ec  o   e re ion  t i  t  i i e  t e ect  into 
non e re i e gro  an  e re i e gro  en  a ter mea ring t e rain a e in co or 

ace o  re  green  e an  ite  t i  t  ana e  t e occ rrence  o  e ati e 
eta Po er S ectr m  an  atio o  a to eta in icator  in t e ronta  o e 

which has rational thought and cognitive function.  
As a result of the analysis, it was found that the green and white color used in this 
e eriment a  an e ect on re a ation an  ta i it  o  t e e re i e gro  t in t e ca e 
o  t e re  an  e co or a o e  in t e e eriment a  an in i ition e ect on t e 
e re i e gro  re a ation an  ta i it  t ro g  t e re t  t i  t  a  a e to earn 

t at en a er on ma e  a e ign o  in oor co or en ironment  t e er on o  e 
care  in t e e o  t e re  e co or   

1. INTRODUCTION 

1.1 ac gro nd and P rpo e of e S d   
Among the factors that affect our emotions, we are living in various colors that are 
em e e  in t e ace  an  o ect  e enco nter e er  a  o or contro  emotion  an  
int rn c ange  e a ior  in a ition to in encing tate o  min  to maintain emotiona  
ta i it  an  im acting o i  nction  inc ing circ ator  tem  eart eat  oo  

pressure, and tensions in the nerve system and muscles. As explained, color may provide 
ario  energ  to eo e t ro g  it  in erent a e engt  an  ma  maintain o  an  

min  to e ta e an  a ance  o or i  roacti e  eing e  in c o og  me icine  a  
e  a  mar eting  emotiona  engineering  arc itect re  an  in tria  e ign  an  man  

re earc  are eing con cte  ering in an era o  co or  S c  tren  i  e ecia  
tim ating man  cienti ic re earc e  to ro e t at co or i  e ecti e in ea ing t e o  

an  min   co r e  e are re erring to t ie  on co or t at in  man emotion  to 
io ogica  reaction  an  rain a e  

o e er  oo ing into t e rece ing re earc  or  t ere a e een re earc e  on 
e re ion an  co or  t t e ana tica  re earc  on rain a e in a i e i e oc  o  

color space consequent on depression inventory is actually insufficient. Hereupon, this 
t  i  inten ing to ma e a com arati e ana i  o  rain a e ro ert  in co or ace o  
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a i e i e oc  ing ec  e re ion n entor ic  i  t e mo t i e y
used among self-report test papers developed to measure depressive symptoms.  
 
1. . Re earc  Me od  Scope

i  t  mea re  an  re earc e  t e rain a e in co or ace con e ent on t e 
severity of depression targeting adults in their 20s~30s. This study conducted the research 
as shown in (Figure 1).

S ect   a t  in t eir -
 i i ion o  t e ect  

into non-depressive group and 
depressive group after 

im ementing ec  
e re ion n entor -

 

 

▶

 

Color Space: Manufacturing 
of Color Space in Red, 

Green, Blue and White Life-
Si e oc -up ▶

Measurement and analysis of 
t e rain a e in co or ace 

 non-depressive group and 
depressive group.

Figure 1. Method of the study implementation 

. SPECIFICS OF T E STUD  

.1 Re earc  e od 

.1.1 E peri en  environ en  

i  t  con cte  t e Ⅱ e re ion n entor  at a a orator  o   Sc oo  i  
t  e  t e a orator  ocate  t e innermo t in or er to minimi e interr ting factors, 

such as external noise at a time of testing. 
The space comprised of four rooms each with 1500㎜×1500㎜×2400㎜ dimesions. D65 
standard light source lighting devices were 600 ㎜×600 ㎜, with the light intensity of 
100㏓  n or er to minimi e i a  error rom te t re an  in age t at ma  ari e en 

a  are co ere  it  co ore  a er  t e room  ere ainte  in re    S -R), 
green   S -  e   S -  an  ite  S -N). By 
minimi ing o n  an  ig t t at ma  e i tracting to t e e eriment  a ta e en ironment 

a  e ta i e  an  air circ ation a  ro i e  in ite room in or er to re ent ect  
rom ecoming ro  t ere  ac ie ing an en ironment it  minima  mea rement 

error.

.1. . E peri en  Me od 
t t e time o  Ⅱ e re ion n entor  rogre  t i  t  con cte  t e e eriment 
 gi ing ect  eno g  time or rea ing an  n er tan ing in tr ction  re ate  to te ting 

e ore rocee ing it  t e te t on ect
ring rain a e mea rement  t e ect  ere g i e  to it com orta  in a c air in 

t e mi e o  t e ite room  an  e ectro e  ere attac e  to t em  n or er to re ce 
an iet  in an n ami iar ace  t e ect  ta e  in t e ite room or i e min te  
e ore eing ent to a co ore  room or one min te or mea rement  n or er to re ent 

after-image effect of the previous room, they were led to the white room again for five 
min te  e ore eing ent to anot er co ore  room to a e t eir rain a e mea re  a  
shown in (Figure 2) 
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Figure 2. Brain wave measurement in each colored room 
 

. . Mea ring Tool

. .1. ec  Depre ion Inven or ec  Depre ion Inven or Ⅱ  DI Ⅱ
Ⅱ a  create  t ro g  mo i ing  com ementing t e e i ting ic  i  ma e 

on t e asis of depression symptoms, measuring the type and severity level of 
depression)according to DSM-  e re i e i or er iagno tic criteria  ec  et a  
t ere i  no c ange in it  n m er o  e tion  an  coring met o  t mo t e tion  
except a few questions were partly modified or completely changed. 
n ca e o   it e a ate  t e m tom  occ rring ring t e a t  ee  erea  

i  e igne  to e a ate t e m tom  ring t e a t  ee  an  eac  e tion a  a 
tit e eci ing at i  e a ate  n a ition  t e mo t noticea e c ange in  i  t at 
it i  e igne  to e a ate a  t e ecrea e  increa e in ee  an  a etite   
 

. . . rain ave ea ring e
or t e rain a e mea rement in t i  t   e  Po  a t a  nc  orea  a 

com teri e  o gra  tem t at can im taneo  mea re t e rain a e  
e ectrocar iogram  an  e ectrom ogram  t at occ r in t e man o  e 
e ice inc e  a  ar are ire e  rain a e mea ring e i ment  an  a  
o t are t e rea time ata co ection an  time erie  ana i  rogram e e can  n 

a ing e ectro e  or t e r o e o  mea ring rain a e  ten t ent  e ectro e tem 
o  t e nternationa  e eration a  e  to in ta  e ectro e  on t e re ronta    
t e ronta    t e arieta  P  P  t e cci ita    an  t e e t rig t ear o e  

  a  o n in a e  o mea re eart eat   attac e  a na  e ectro e on t e 
wrist. The subject’s brainwave signal was filtered with 0.5-50 pass filter and converted 

it  it  na og- igita  con erter  e ore t e ate a  a e  to com ter or 
collection purpose.

. . S ec  Co po i ion
e ect  o  t i  re earc  inc e  eo e in t eir t entie  an  t irtie  it o t a i tor  

of psychological, cranial, or optical diseases. The methodology and the goal of this research 
was adequately explained to them, after which they agreed to volunteer with the explicit 
no e ge o  ca tion  

ter im ementing ec  e re ion n entor   t i  t  rocee e  it  t e rain 
a e e eriment  i i ing t e ect  into non e re i e gro  an  e re i e gro   
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. E PERIMENT RESULTS AND ANAL SIS 

ter im ementing ec  e re ion n entor   t i  t  rocee e  it  t e rain 
wave e eriment  i i ing t e ect  into non e re i e gro  an  e re i e gro   
n t e rain a e e eriment  rain a e ariance a  mea re   monitoring it it  t e 

data collection and analysis program called Telescan from LAXTHA, which is a 
com teri e  o gra  tem  or re ecti e c anne  t e mea re  a e  ere t to 
relative power analysis.  

figure 3. Graph for indicator-specific brainwave variance in different color spaces 

e ana i  a  er orme  on t e rain a e in icator  o   e ati e a Po er 
Spectrum, 8-13/4-50㎐  t at re re ent  re a ation an  ta i it   e ati e eta Po er 
Spectrum, 13-30/4-50㎐) that represents tension, alertness, and concentration, and RAB 
(Ratio of Alpha to Beta, 8-13/13-30㎐) that represents the a a eta ratio

ig re  o  in a gra  t e re t  o  t e rain a e mea re  in re on e to co or 
ace  in t e ronta  t at a  rationa  t in ing an  cogniti e a i it  or i erent in icator  

. CONCLUSIONS 

i  t  inten e  to oo  into t e ro ert  o  rain a e in co or ace in re  green  
e an  ite et een t e non e re i e gro  an  e re i e gro  con e ent on 

ec  e re ion n entor  re t   
The research progress was conducted in three stages as follows:  

 n an e ort to i i e t e ect  into non e re i e gro  an  e re i e gro  
t ro g  ec  e re ion n entor  t i  t  con cte  t e te t on  a t  in t eir 

 an  mea re  t eir rain a e ing Po  
 i  t  con cte  rain a e mea rement in co or ace con i ting o  re   

S  green   S  e   S  ite  S
N).
The analysis result consequent on research progress is as follows:  

e o o ing i  t e re t o  t e e eriment  in ic  e mea re  rain a e in t e 
ronta  o e o  t e ect  ic  i  re on i e or rationa  t in ing an  cogniti e 

a i itie  n t e re  room  non e re ion gro  o e  increa e   an   in ice  
and decreased RB index, while depression group displayed decreased RA and RAB, and 
increa e   in e  n t e green room  non e re ion gro  a  ecrea e   an   
and increased RB, while depression group had increased RA and RAB indices and 
ecrea e   in e  n t e e room  non e re ion gro  a  increa e   an   
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indices, and decreased RB index, while depression group had increased RA index and 
ecrea e   an   in e  n t e ite room  a  in ice  ecrea e  or non e re ion 

gro  t e re ion gro  a  increa e   an   in ice  an  decreased RB index. 
e earne  t at green an  ite e  in t e e eriment a  a re a ing an  ta i i ing 

e ect or e re ion gro  i e re  an  e e  re ent  c  e ect  or e re ion 
gro  e conc e  t at co or en ironment e igner  m t e ar  o  ing re  an  e 
or interior  an  e earne  t at co or tim ation a ect  rain a e  e en ing on t e 

degree of depression. 
i  t  a  a imit to genera i ation o  t e n m er o  ect  ccor ing  it i  ge  

t at t ere i  a nee  or o o  re earc  on i er e ect  an  e erimenta  ace  in 
t e ig t o  t e n m er o  ect  t eir age an  gen er  etc   

† This study was supported in 201   ationa  e earc  o n ation o  orea  it  n ing rom t e 
orean go ernment ini tr  o  Science   an  t re P anning  o  
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Hue-Tone Representation of the Nayatani-Theoretical Color Order 
System
i e i S

ra ate Sc oo  o  man i e Science  a a it  ni er it

ABSTRACT
Hue-tone representation of the Nayatani-Theoretical (NT) color order system is proposed. The NT 

tem i  a ne  co or or er tem e e o e   a atani a e  on i  co or a earance an  co or
i ion t ie  in  e tem a  e era  ni e eat re  t con i t  o  i  rimar  co or  re   

green  e o   e  ite  an  ac   t a o t  t ree o onent co or  a e  not 
on  re green  an  e o e  t a o ite ac   t a  t e re erence gra  in 
t e center o  it  co or o i  an  c ear  efine  t e gra ne  attri te ic  i  not efine  e icit  in 
man  ot er co or or er tem  c  a  n e  tem an  S  e  tem a  co or attri te  

itene   ac ne   gra ne  gr  c roma  an  e  e ame co or attri te    gr   
with different hues [H] have the same perceived lightness, the same degree of vividness, and also the 
same color tone. This is the primary feature of the NT system, that is, the inclusion of the color tone 
concept. However, its tones are not explicitly stated in the NT system so far. Therefore, in this paper, 

e intro ce  t e categorica  tone re re entation to t e  tem it  e i i ion  i  ma e  
t e  tem more e  or ario  r o e  e tone conce t a  een i e  e  in t e arti tic 
fie  o  ainting an  co or e ign rom t e o  a  e  tone categorie  or e am e  can e e  
or e ecting t e co or com ination  in t o e arti tic fie  n t e co or cience fie  t e co or tim i 

e tracte  a e  on t e tone categorie  are re ent  e  in a i e ariet  o  en or  te ting o  i ion  
e  tone  are a o ita e or c  cientific r o e  eca e it  tone  are eri e  a e  on t e 

co or a earance t ie  an  a e e efine  co orimetric a e  i  co orimetric ac gro n  i  
e o  e  en ana ing t e en or  ata

 

 

Hue-Tone Representation of the Nayatani-Theoretical 
Color Order System 

 
Hideki SAKAI 

 Graduate School of Human Life Science, Osaka City University 
 

ABSTRACT 
The Nayatani-Theoretical (NT) color order system is a new opponent-color-type system 
proposed by Nayatani based on his color-appearance and color-vision studies in 2003. The 
NT system has color attributes, whiteness, blackness, grayness, chroma and opponent-hue; 
the colors with the same attributes irrespective of hues have the same perceived whiteness 
or blackness (i.e., perceived lightness), the same degree of vividness, and also the same 
color tone. However, its tones are not explicitly stated in the NT system so far. Therefore, 
we introduced the categorical tone representation to the NT system. This makes the NT 
system more useful for various purposes. The tone concept has been widely used in the 
artistic fields of painting and color design from the old days. The NT tone categories 
introduced in this paper can be used for selecting the color combinations in those artistic 
fields. In the color science field, the color stimuli extracted based on the tone categories are 
frequently used in a wide variety of sensory testing of vision. The NT tones are also 
suitable for such scientific purposes, because its tones are derived based on the color-
appearance studies and have well-defined colorimetric values. This colorimetric 
background will be of help when analyzing the sensory data. 

1. INTRODUCTION 
A lot of color order or color designation systems have been proposed from past to present 
(Fairchild 2013). We now have various types of color systems, and some of them are 
widely used.  However, it seems that we have not yet found an ideal one. Even widely used 
systems have pros and cons. There is still more room for improvement. Thus, we expect 
many more new candidates will be proposed in the future. 

     In such a situation, the Nayatani-Theoretical (NT) color order system was proposed by 
Nayatani based on his color-appearance and color-vision studies in 2003 as a new 
candidate (Nayatani 2003, 2004). The NT system designates a color with the attributes, 
whiteness w, blackness bk, grayness gr, chroma CNT, and opponent-hue HNT. The colors 
with the same NT attributes [w, bk, gr, CNT] irrespective of hues [HNT] have the same 
perceived whiteness or blackness (i.e., perceived lightness), the same degree of vividness, 
and also the same color tone (Nayatani and Komatsubara 2005). This is the primary feature 
of the NT system, that is, the inclusion of the color tone concept in it. However, its tones 
are not explicitly stated in the NT system so far. Therefore, in this paper, we introduced the 
categorical tone representation to the NT system with hue divisions. We believe that this 
makes the NT system more useful for various purposes. 
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2. BRIEF  SUMMARY  OF  NT  SYSTEM 

2.1 Structure of NT system 

The color solid of the NT system is shown in the Figure 1. It consists of six primary colors, 
red (R), green (G), yellow (Y), blue (B), white (W), and black (Bk). It adopts three 
opponent-colors axes, not only red-green (R-G) and yellow-blue (Y-B), but also white-
black (W-Bk). It has the reference gray (Gr) in the center. 

 
Figure 1: The color solid of the NT color order system.  

The system has several unique features. It introduces an orthogonal coordinate using the 
city-block metric (Nayatani 2002) as shown in the Figure 2. It designates a color using 
whiteness w, blackness bk, grayness gr, chroma CNT and hue HNT. The color P in the Figure 
2 (1), for example, has the attributes [w=0, bk=0, gr=0, CNT=10, HNT=Y100]. The 
maximum chroma, i.e., the chroma of pure color (PC), is different for different hue HNT 
(Nayatani 2004). It clearly defines the grayness attribute, which is not defined explicitly in 
many other color order systems such as Munsell system and Natural Color System 
(Nayatani and Sakai 2014). 

      
 

Figure 2: Equi-hue plane of NT system. (1) Grayness region, (2) categorical tones. 

     The NT system belongs to the category of Color Appearance Space (CAS) as discussed 
in the previous paper (Nayatani and Sakai 2007) and the name "Theoretical" comes from 
the fact that it can be theoretically derived from any Uniform Color Space (UCS) using the 
chromatic strength (CS) function and unique hue data. The concept of chromatic strength 
was originally proposed by Evans and Swenholt (1967) and it contains essential 
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information on color appearance. Chromatic strength function and unique hue data are the 
necessary elements of NT system.  

2.2 Derivation of NT color attributes 

In this paper, CIELAB with D65 white point and 2-deg. observer is used as a base UCS. 
For the chromatic strength function, CS(k1k2; hab) is used (Nayatani 2004). For the primary 
opponent-color hues, the hue angles hab = 26, 91, 162, and 262 degrees are used as shown 
in the Table 1, which correspond approximately to the Munsell hues 5R, 5Y, 5G, and 
2.5PB, respectively. Note that, in the preceding papers, the Munsell color attributes H V/C 
were mainly used to describe the NT system for simplicity (Nayatani et al. 2004, 2005, 
2011, 2014). For example, Munsell chroma C was used as the NT chroma CNT. We newly 
adopt CIELAB as the base UCS. However, no fundamental features of NT system 
discussed so far have changed at all. New CNT derived from C*

ab by Eq.(1) (see below) has 
the same meaning (Nayatani and Komatsubara 2005) and shows almost the same 
numerical values. 

Table 1. Correspondence among NT opponent-color hues, CIELAB hab, and Munsell H. 

 
     Transform equations from the CIELAB color attributes [L*, C*

ab, hab] to NT color 
attributes [w, bk, gr, CNT, HNT] are as follows: 

     For chroma, the following equation is used.  

      CNT = kC · CS(hab) · C*
ab ,             (1) 

where kC = 0.14164 is the proportional coefficient, which is determined to make CNT be the 
same scale as Munsell C on average. 

     For hues, first, identify in which opponent-hue section a color with hab is in, then, 
calculate the hue steps ΔHNT between the two neighboring primary colors by the following 
equation. 

      ΔHNT = kH ·{1/CS(hab)}2 · ∆hab ,      (2) 

where kH is the proportional coefficient in the fourth column of Table 1. 

     For whiteness and blackness, first, correct the lightness scale that becomes L*
cr = 50 

when L* = 55, then, obtain the perceived lightness L*
cr,eq , finally transform it to w or bk. 

      L*
cr,eq = kL· CS(hab) · L*

cr ,           (3) 

      w or bk = (1/5)·(L*
cr,eq - 50) ,       (4) 

where kL = 0.75029 for CNT = 10. For other CNT values, additional equations are used. See 
the previous paper (Nayatani and Sakai 2011) for details. 

     For grayness, the following equations are used (Nayatani and Sakai 2014). 

      gr = 10 - [(w or bk) + CNT ] ,    for (w or bk) + CNT < 10 (5) 

      gr = 0 ,       for (w or bk) + CNT ≥ 10 (6) 
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3. CATEGORICAL  TONE  DETERMINATION 

In NT system, the colors with the same attributes [w, bk, gr, CNT] irrespective of hues 
[HNT] have the same tone attribute as already explained in the INTRODUCTION. Thus, It 
can be said that the NT system is the Hue-Tone system on its own. However, categorical 
tones are usually used in color design fields (Kobayashi 1981, Chung and Ou 2001, 
Nayatani and Komatsubara 2005). For example, Kobayashi (1981), the inventor of his 
Color Image Scale, defined the tone by "Colors belonging to the same tone have a common 
image in spite of their hue differences."   
     Considering these needs, we decided to introduce the categorical tone representation to 
the NT system. We placed the most vivid tones at [w=0, bk=0, gr=0, CNT=14, HNT=any] 
indicated as T1 and defined totally 13 tones from T1 to T13 as shown in the Figure 2 (2). 
Every tone has the definite NT attributes [w, bk, gr, CNT, HNT]. Therefore, by using the 
transform equations in Sec.2.2 inversely, they can be easily transformed to colorimetric 
values [L*, C*

ab, hab]. Figure 3 shows the colored image of 13 tones with eight hues, 
HNT=R100, R50-Y50, Y100, Y50-G50, G100, G50-B50, B100, and B50-R50. The RGB 
values used in this colored image were obtained by transforming the CIELAB [L*, C*

ab, 
hab] values to the 24-bit sRGB color values (IEC 1999). Note that, however, several colors 
in tones T1, T2, T3, and T4 are out of sRGB range. Note also that this tone category is just 
an example. You can change the number of categorical tones or can adjust the interval 
between tones as you like by using NT system. 

 
Figure 3: Categorical tone representation of NT system (Colored image).  

178
AIC2015 TOKYO - Color and Image



 

 

4. CONCLUSIONS 

The tone concept has been widely used in the artistic fields of painting and color design 
from the old days. The NT tone categories, for example, can be used for selecting the color 
combinations in those artistic fields (Sakai and Nayatani 2009).  
     In the color science field, the color stimuli extracted based on the tone categories are 
frequently used in a wide variety of sensory testing of vision. The NT tones are also 
suitable for such scientific purposes, because its tones are derived based on the color-
appearance studies and have well-defined colorimetric values. This colorimetric 
background will be of help when analyzing the sensory data. 

REFERENCES 

Chung, M.C., L.C. Ou. 2001. Influence of Holistic Color Interval on Color Harmony. 
Color Research and Application 26 (1): 29-39. 

Evans, R.M., B.K. Swenholt 1967. Chromatic Strength of Colors: Dominant Wavelength 
and Purity. Journal of the Optical Society of America 57 (11): 1319-1324. 

Fairchild, M.D. 2013. Color Appearance Models, Third Edition. Chichester: John Wiley 
and Sons. 

IEC 61966-2-1. 1999. Multimedia systems and equipment- Colour measurement and 
management - Part 2-1: Colour management- Default RGB colour space - sRGB. 
International Electrotechnical Commission. 

Kobayashi, S. 1981. The Aim and Method of the Color Image Scale. Color Research and 
Application 6 (2): 93-107. 

Nayatani, Y. 2002. A Hue Rectangle and Its Color Metrics in a Modified Opponent-Colors 
System. Color Research and Application 27 (3): 171-179. 

Nayatani, Y. 2003. A Modified Opponent-Colors Theory Considering Chromatic Strengths 
of Various Hues, Color Research and Application 28 (4): 284-297. 

Nayatani, Y. 2004. Proposal of an Opponent-Colors System Based on Color-Appearance 
and Color-Vision Studies, Color Research and Application 29 (2): 135-150. 

Nayatani, Y., H. Komatsubara. 2005. Relationships among Chromatic Tone, Perceived 
Lightness, and Degree of Vividness. Color Research and Application 30 (3): 221-
234. 

Nayatani, Y., H. Sakai. 2007. Proposal of a New Concept for Color-Appearance Modeling. 
Color Research and Application 32 (2): 113-120. 

Nayatani, Y., H. Sakai. 2011. Predictions of Munsell Values with the Same Perceived 
Lightness at Any Specified Chroma Irrespective of Hues - Determination of Any 
Tonal Colors. Color Research and Application 36 (2): 140-147. 

Nayatani, Y., H. Sakai. 2014. Gray and Grayness - its Complexities in Color Appearance 
of Surface Colors. Color Research and Application 39 (1): 37-44. 

Sakai, H., Y. Nayatani. 2009. Proposal for selecting two-color combinations with various 
affections. Part II: Demonstration of the System. Color Research and Application 34 
(2): 135-140. 

Address: Dr. Hideki SAKAI, Graduate School of Human Life Science,  
Osaka City University, Sugimoto 3, Sumiyoshi-ku, Osaka, 558-8585, JAPAN 

E-mail: hsakai@life.osaka-cu.ac.jp  

 

 

3. CATEGORICAL  TONE  DETERMINATION 

In NT system, the colors with the same attributes [w, bk, gr, CNT] irrespective of hues 
[HNT] have the same tone attribute as already explained in the INTRODUCTION. Thus, It 
can be said that the NT system is the Hue-Tone system on its own. However, categorical 
tones are usually used in color design fields (Kobayashi 1981, Chung and Ou 2001, 
Nayatani and Komatsubara 2005). For example, Kobayashi (1981), the inventor of his 
Color Image Scale, defined the tone by "Colors belonging to the same tone have a common 
image in spite of their hue differences."   
     Considering these needs, we decided to introduce the categorical tone representation to 
the NT system. We placed the most vivid tones at [w=0, bk=0, gr=0, CNT=14, HNT=any] 
indicated as T1 and defined totally 13 tones from T1 to T13 as shown in the Figure 2 (2). 
Every tone has the definite NT attributes [w, bk, gr, CNT, HNT]. Therefore, by using the 
transform equations in Sec.2.2 inversely, they can be easily transformed to colorimetric 
values [L*, C*

ab, hab]. Figure 3 shows the colored image of 13 tones with eight hues, 
HNT=R100, R50-Y50, Y100, Y50-G50, G100, G50-B50, B100, and B50-R50. The RGB 
values used in this colored image were obtained by transforming the CIELAB [L*, C*

ab, 
hab] values to the 24-bit sRGB color values (IEC 1999). Note that, however, several colors 
in tones T1, T2, T3, and T4 are out of sRGB range. Note also that this tone category is just 
an example. You can change the number of categorical tones or can adjust the interval 
between tones as you like by using NT system. 

 
Figure 3: Categorical tone representation of NT system (Colored image).  

179
AIC2015 TOKYO - Color and Image



OS4-4

Colour Appearance in the Outdoor Environment
a en  i en  an  Pei-Li SUN

ra ate n tit te o  o or an  mination ec no og  ationa  ai an ni er it  o  Science an  
Technology, Taiwan

ABSTRACT
i ting co o r a earance mo e  c  a   a e t ica  een e e o e  ing 

i a  rint  an  ot er me ia  e ert e e  t e e t ie  a e een imite  to in oor con ition  t 
a  een nc ear et er or not t e e co o r a earance mo e  a e  on in oor e erimenta  etting  

also apply to the outdoor environment. There is much greater variation in the luminance of light source 
o t oor  i e  t e a  ig t  t an in oor ig t  e to n re icta e eat er con ition  e man 

i a  tem a  con i era e a i it  to a a t to c  ariation  ore im ortant  t e i mination 
level is way higher in the outdoor environment than indoor lighting. Colour applications for indoor 
conditions are quite different than those for the outdoor environment. The latter include outdoor colour 
mea rement ic  i  e entia  or arc itect ra  co o r e ign an  r an co o r anning  

Se era  i e  nee  to e a re e  ro er  e ore a co o r a earance e eriment can e 
appropriately carried out outdoors. First, the selection of the experimental location is crucial. There 

o  e no g are it in i a  range o  t e o er er  o t at t e ite ti e er ing a  t e re erence 
ite i  t e rig te t in t e ie ing fie  oreo er  o t oor minance arie  a  t e time  e to t e 

o ition o  t e n an  t e eat er con iton  o o ercome t e e i e  a  o er er  in t e t  
must assess colour appearance of each colour sample at the same time, in the same place. And this was 
exactly how the present study was carried out.

 e cri e  a o e  t e e eriment a  con cte  o t oor  on a nn  a   a  o er er  at 
t e ame time  in t e ame ace  ere t ere i  no g are in t e o er er  ie ing fie  e re erence 
white, the reference colourfulness and each test colour patch were all placed on a vertical panel 
covered with a medium grey cloth. The test colours included 42 colour patches selected randomly from 
the Practical Coordinate Color System (PCCS) to cover a wide range of hue, lightness and chroma. 

 tota  o   o er er  it  norma  co o r i ion ere a e  to e timate t e ig tne  co o r ne  
and hue for each test colour. During the experiment, for each test colour, the reference white, reference 
co o r ne  an  t e te t co o r it e  ere mea re  in term  o  t e tri tim  ing a onica 

ino ta S  a orta e co o r meter  
e e erimenta  re t  o  ig  corre ation et een t e i a  ata an  t e re icte  

a e    in term  o  co o r ne  an  e  e ercei e  ig tne  o e er  a  
o n  i erent t an t o e re icte     gge te   t e e erimenta  ata  t e i a  

tem eem  to e more en iti e to t e ariation o  ig tne  i e in t e in oor en ironment it  
an a erage rro n  con ition  o e er  t e i a  tem eem  to ecome e  en iti e i e in 
the outdoor environment at a high luminance level. This suggests a strong effect of the luminance of 
environment on the visual system in terms of perceived lightness.
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ABSTRACT 

A psychophysical experiment of colour appearance, in terms of hue, lightness and 
colourfulness, was conducted outdoors to investigate colour appearance in the outdoor 
environment.  T e e eriment a  con cte  o t oor  on a nn  a   14 o er er  at 
the same time, in the same place, where there was no glare in the observer’s viewing field. 
The reference white, reference colourfulness and each test colour were all placed on a 
vertical panel covered with a medium grey cloth. The test colours included 42 colour 
patches selected randomly from the Practical Coordinate Color System to cover a wide 
range of hue, lightness and chroma. The 14 o er er  it  norma  co o r i ion ere a e  
to estimate the lightness, colourfulness and hue for each test colour. The experimental 
re t  o  ig  corre ation et een i a  ata an  a e  re icte    in 
terms of the three colour appearance scales. Although the perceived lightness also shows 
high correlation, experimental data gge t  t at t e o er er  ere more en iti e to 
variation in lightness for greyish colours than for highly saturated colours. 

 

1. INTRODUCTION 

i ting co o r a earance mo e  c  a    P ication-   have 
t ica  een e e o e  ing i a  rint  an  ot er me ia  e ert e e  t e e t ie  
a e een imite  to in oor con ition  t a  een nc ear et er or not such colour 

appearance models also apply to the outdoor environment.  a  e ine  t ree 
surround conditions, ar  im an  a erage  e a erage rro n  con ition e cri ing 
luminance level of around 1,000 cd/m2 may not suffice to use in the outdoor environment, 
a  t e o t oor minance can e ea i  e on  10,000 cd/m2. The luminance level of 
surround higher than 10,000 cd/m2, also called the “ rig t rro n  con ition”, for which 

02 did not seem to show satisfactory predictive performance (e.g. Par  et al. 
2015). 

There is much greater variation in the luminance of light source outdoors (i.e. the day 
light) than indoor lights, due to n re icta e weather conditions. The human visual system 
a  con i era e a i it  to a a t to c  ariation  ore im ortant  t e i mination e e  

is way higher in the outdoor environment than indoor lighting. Colour applications for 
indoor conditions are quite different than those for the outdoor environment. The latter 
include outdoor colour measurement which is essential for architectural colour design and 

r an co o r anning. 

Se era  i e  nee  to e a re e  ro er  e ore a co o r a earance e eriment can 
e a ro riate  carrie  o t o t oors. First, the selection of the experimental location is 

cr cia  ere o  e no g are it in i a  range o  t e o er er  o t at t e ite ti e 
er ing a  t e re erence ite i  t e rig te t in t e ie ing ie  oreo er  o t oor 

luminance varies all the times due to the position of the sun and the weather conditions. To 
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overcome these issues  a  o er er  in t e t  m t a e  co o r a earance o  eac  
colour sample at the same time, in the same place. And this was exactly how the present 
study was carried out. 

2. METHODS 

2.1 Experimental set-up 

 e cri e  a o e  t e e eriment a  con cte  o t oor  on a nn  a  (afternoon)  
all o er er  at the same time, in the same place, where there is no glare in the observer’s 
viewing field. The reference white, the reference colourfulness and each test colour patch 
were all placed on a vertical panel covered with a medium grey cloth. During the 
experiment, the mean luminance value of the reference white was 13,050 cd/m2 (SD = 

, as measured using a onica ino ta S-  a orta e co o r meter. 

As shown in ig re   a  an   t e ie ing i tance or a  o er er  a  a o t  
to 400cm, where t e ocation  o  eac  o er er arie  in term  o  ot  viewing distance and 
viewing angle. To see whether this would result in significant colour difference for different 
o er er  the CS-  orta e co o r meter was used to measure the test colours from 
ario  ocation  o  eac  o er er  e mea rement re t o  a mean  co o r 

difference o   ic  a  t o g t acce ta e in c  an e erimenta  con ition   

 

  
(a) (b) 

Figure 1: Experimental set-up: (a) the 14 observers conducted the experiment 
simultaneously with a viewing distance of about 300-400cm, (b) each test colour, together 

with a reference white and a reference colourfulness, presented against a medium grey 
background on a black table 

2.2 Colour samples 

The test colours included 42 colour patches selected randomly from the Practical 
Coordinate Color System to cover a wide range of hue, lightness and chroma. The 42 
colours included 6 achromatic colours for further data analysis. 
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During the experiment, for each test colour, the reference white, reference colourfulness 
and the test colour itself were measured in terms of the tristimulus values using the CS-

 orta e co o r meter  ig re   a  an   o  i tri tion o  t e  co o r 
am e  in  co o r ace accor ing to t e mea rement re t , illustrating a wide 

spread of colour samples in terms of hue, lightness and chroma. 
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Figure 2: The 42 colour samples in (a) CIELAB a*-b* and (b) L*-C*ab diagrams 

 

2.3 Observers 

A total of 14 o er er  it  norma  co o r i ion ere a e  to e timate t e ig tne  
colourfulness and hue for each test colour. e o er er  ere a  ai ane e citi en  an  
were postgraduate students at the National Taiwan University of Science and Technology.  
Prior to t e e eriment  t e o er er  recei e  training  o  e inition  o  e  ig tne  an  
chroma using the Munsell Color Boo  
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Figure 3: Comparisons between visual results and predicted CIECAM02 values in terms of 

(a) hue, (b) lightness and (c) colourfulness 

 

Note, however, that although experimental results show a coefficient of determination of 
 or ig tne  a  emon trate  in ig re   ic  eem  to gge t a c o e 

corre ation et een t e i a  re t  an  t e predicted value in lightness, the scatter graph 
i trate  in ig re   o  a ome at c r  tren  ine  co o r am e  a ing o  

  a e  ten e  to e rate  e treme  o  in ig tne  
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t i  tem ting to a me t at t e t o ata oint  ocate  o e t in ig re  a  eing t e 
outliers. To see whether this was the case, the experimental data were separated into five 
gro  e ine     co o r ne  t o e it  t e  a e  o er t an  
(i.e. the achromatic colours), those with the M values greater than 5 and lower than 30, 
those with the M values greater than 30 and lower than 50, those with the M values greater 
t an  an  o er t an  t o e it  t e  a e  greater t an  As Figure 4 
demonstrates, the five colourfulness groups seem to show different tendencies in terms of 
slope of trend line; the higher colourfulness, the lower slope of trend line. The achromatic 
colour group (i.e. M < 5) shows the highest slope, while the group with the highest 
colourfulness values (i.e. M   o  t e o e t o e  i  eem  to gge t t at the 
o er er  ere more en iti e to ariation in ig tne  or gre i  co o r  t an or ig  
saturated colours. 
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Figure 4: Perceived lightness plotted against CIECAM02 J for five colourfulness groups 

defined by CIECAM02 M 

4. CONCLUSION 

e e erimenta  re t  o  ig  corre ation et een t e i a  ata an  t e re icte  
a e    in term  o  t e t ree co o r a earance attri te  e  ig tne  an  

colourfulness. While the perceived lightness also shows high coefficient of determination 
 a  o n in ig re   gge ting goo  re icti e er ormance o   or 

outdoor environment, Figure 4 demonstrates different tendencies in terms of slope of trend 
line; the higher colourfulness, the lower slope of trend line. The result suggests that the 
o er er  ere more en iti e to ariation in ig tne  or gre i  co o r  t an or ig  
saturated colours. Whether the finding only applies in the outdoor environment or it may 
also occ r in t e a erage rro n  con ition i  re ire rt er t  ing more ar  
colour samples in the experiment. 
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Color lay: amification or Color i ion St y
S i a P  an  ari  P S

e or egian o o r an  i a  om ting a orator  i  ni er it  o ege

ABSTRACT
o or i  an im ortant a ect in o r ai  i e  an  e entia  or i criminating o ect  n t e 

c rrent t  e in e tigate gami ication  a  a no e  a roac  to im ro e t e ana i  o  man 
color perception in psychophysical studies.

o t c o ica  t ie  are r ne to imitation  e to t eir com e  et  t e n m er o  
ect  i  o ten ma  an  not re re entati e o  t e o ation  ig  contro e  en ironment a ect  

t e ect  nat ra  re on e an  can ca e in i i a  to a ter t eir e a ior e to t e a arene  o  
eing o er e  ten ect  fin  t e ta  oring an  ong ic  not on  ecrea e  t eir moti ation 
t a o oc  i  o  ea  to o er ation  t at ma  not e re re entati e  ncrea ing t e n m er 

o  ect  or re eating t e t  e e ere or  ot er  i  o ten not traig t or ar  an  er  co t  
r goa  i  to in e tigate t e int iti ene  an  ea e o  co or matc ing an  co or mi ing ta  in 

i erent co or ace  e o t i  t ro g  gamification  ere e a e e igne  im e co or mi ing 
and matching game, which is relatively low cost and simple to maintain and operate. The equipment 
con i t  o   P i i  e co or ig t  t e P a tation  o e contro er to e a e to interact it  
t e game  an  a monitor  er er  are a e  to e t e contro er to a t eac  co or c anne  in or er 
to create a re ting co or o n in t e o rt   t at o  matc  it  t e re erence o n on 
t e monitor  n o r e erimenta  or  e in e tigate t e i e  e   an  S co or ace  

e e game  engage ot  c i ren an  a t  in e erimenting it  i erent co or  an  co or 
ace  in a n an  ca a  et  ro g  t e e game  t e er  o  earn a o t i erent co or 
ace  e game  a o co ect anon mo  ata a o t o  o er er  mi  co or  n im ortant a ect 

o  c  et  i  getting acce  to a arge n m er o  ect  rom i erent age  gen er  an  et nica  
gro  o nteering to artici ate in or e am e cience center  aro n  t e g o e

e main r o e o  o r game a  rame or  i  to ta e co or mi ing matc ing ta  o t o  t e 
contro e  a orator  en ironment an  ring it to t e conte t o  e er a  i e  S c  t  o  e  

 ana e eo e  re ation it  co or ace  a e  on ractica  cenario  i e fin ing t e e ire  co -
or com o ition or a room  a gra ic e ign  e ite  a erti ement  art  game  an  etc  

The results of a supervised and controlled experiment indicate that HSV is a more intuitive color 
ace a  t e na e ect  ere a ter in mi ing co or  com are  to  n t e ot er an  t e -

ect  er orme  imi ar  in ot  co or ace  a e  on t eir nanimit  inter o er er aria i it  an  
acc rac  a erage co or i tance to t e gro n tr t  e t  a o in icate t at ect  matc e  more 
acc rate  t e minance com are  to c roma  n an n er i e  e eriment  ect  ere a ter in 

S  t more acc rate mi ing in  a itati e re t  rom e tionnaire  e a ating er e e-
rience indicate that on average participants had a positive experience with the game.

*1 S. Beigpour is now with the Chair for Computer Graphics at University of Siegen, Germany.

 

 

Color Play: Gamification for Color Vision Study 
S i a P 1, ari  P S  

e or egian o o r an  i a  om ting a orator , i  ni er it  o ege 

ABSTRACT 
The study of color perception in humans is an important ongoing research which currently 
mainly relies on psychophysical studies. Most psychophysical studies are prune to 
limitations which can highly reduce t e ca a i it  an  re eata i it  o  t eir e eriment  
cause over- itting  an  ai  to  engage ect  in er orming t e gi en ta  

ami ication i  ecoming a o ar a roac  in o taining arge amo nt o  ata  an  
ma ing t e ta  more intere ting or ect  e e ign a game ca e  o or P a  ic  
con i t  o  a erie  o  im e co or mi ing an  matc ing ta  i  game engage  ot  t e 
children and adults in experimenting with different colors and color spaces. Through this 
game, the players o  earn a o t i erent co or ace  i e at t e ame time 
becoming subjects of our color perception study. By analyzing the players’ performance 

e in e tigate t e i erence  et een t e  an  S  co or ace  an  com are t e 
importance of luminance versus chroma. 

1. INTRODUCTION 
i e t e man i a  tem can e t ie  in io og  ing o i ticate  tec ni e  

i e  re earc  on man color perception as a rather cognitive process, relies mainly 
on t e t  o  t e man e a ior gi en visual stimuli. These studies analy e t e results 
and performance of man ect  which ta e art an  er orm a set of ta s manually or 
semi-man a  e g  egmenting o ect  in an image or rating image . 

Performing such experiments is often time consuming, tedious, and can involve paid 
ect  i  a  imit t e n m er o  ect  Moreover, t e ta  can e oring or t e 
ect  an  e to tire ne  t e  mig t ten  to a  e  attention toward the end. 

e eating t e e eriment e ecia   ot er cienti t  i  not traig t or ar  ten t ese 
studies use participants from one location (e.g., their university), and mostly involve adults 
as collecting data from children requires much more effort. Lastly, the very controlled set 

 an  a  en ironment re t  in a e  nat ra  e a ior from the users, especially when 
t e  ee  t at t eir e a ior i  eing contro e  e ner et a  ).  

In the current work, we investigate “gamification” as a method to tackle all the above 
challenges in psychophysical studies. The main goal of our study is to investigate the 
int iti ene  an  ea e o  co or matc ing an  co or mi ing ta  in i erent co or ace  
namely for the widely used RGB and HSV, and for different colors. The main purpose of 
our game a  rame or  i  to ta e a t ical color mixing/matching scenario out of the 
a orator  en ironment an  ring it to t e conte t o  e er a  i e  e t  o  eo e 

interact it  co or  an  co or ace  in or  an  ei re  S c  t  o  e   ana e 
people's relation wit  co or ace  a e  on t e ractica  cenario  i e in ing t e e ire  
color mixture for a room, a graphic design, e ite  advertisement, video game, and so on.  

We rie  i t o r main contri tion : showing the advantage of gamification in 
psychophysical studies to improve the subjects’ experience as well as the performance and 
                                                 
1 S. Beigpour is now with the Chair for Computer Graphics at University of Siegen, Germany. 
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1 S. Beigpour is now with the Chair for Computer Graphics at University of Siegen, Germany. 

 

 

quality of the study; e igning a orta e an  ro t tem to ta e a antage o  ic 
spaces a  a at orm to reac  i e ariet  o  ect  e g  age  gen er  nationa it  sing 
a game en ironment e e  ect  to re ent more nat ra  e a ior com are  to a 
contro e  a  en ironment; and finally as a result we study the intuitiveness of the RGB 
an  S  co or ace  a  e  t e im ortance an  contri tion o  c roma an  minance 
or man o er er  in ai  i e  e ro i e quantitative data analysis.  

2. RELATED WORK 
Sc ar  et al.  designed a study on the effect of color spaces on color matching with 
a arge n m er o  nai e ect   in ic   age  o  in tr ction  ere an e  o t  

ac  ect matc e  i e co or  i  time  eac  or a tota  o   tria  e  concluded that 
in t eir t  ir t  ect  ere a ter in matc ing ing  an  o onent co or ace  
second, having a lightness axis helped with matching lightness more than having a hue or 
chroma axis helped with matching hue or chroma; third, significant learning occurred with 
re ect to matc ing time an  c o ene  o rt  ine erience  ect  ing t e  
co or mo e  matc e  ra i  t inacc rate  in com ari on it  ot er co or mo e  an  
i t  t e o onent    an  S  co or mo e  re ire earning to use effectively. 

o g a  an  ir atric   studied the effectiveness of color models with respect 
to inter ace ee ac  e e  e e eriment a  er orme  or o r gro  o  nai e 

ect   in eac  gro  ac  gro  a  te te  or a com ination o  t e co or mo e  
(RGB or HSV) and one of the two interfaces with different ee ac  e ect  ere 
re ire  to er orm a co or matc ing ta   target co or  it  t e time imit o  ma im m 
three minutes per color). They concluded that the color model does not play a role in time 
or acc rac  o  t e matc ing ta  i e ig er e e  o  ee ac  re t  in more acc rac  

Luo et al. (2005) designed an experiment to study the sources of uncertainty in color 
matching experiments. They have presented quantitative results comparing each source 
an  conc e  t at t e o er er  a  t e main ro e in c  ncertaint  rt ermore, they 
have provided solutions for various types of uncertainty.  

Flatla et al. (2011) ro o e  a rame or  t at im i ie  t e e ign o  calibration 
games a  a a  to im ro e ot  t e er ormance an  t e er e erience i e er orming 
a te io  ta  i e ca i ration  e  conc e t at t e gami ication oe  igni icant  
improve the enjoyment, and that even though there are some differences in the recorded 
ata it oe  not re ce t e ti it  o  t e ata or ca i ration. 

2. METHOD 
n our gamification approach, the user is provided it  a tangi e en ironment con i ting 

of four P i i  e co or ig t  an  t e P a tation  o e  controller to interact 
with the game. The feedback e ement i  ro i e   etting t e  to c ange co or 
a e  on t e er  action  e a o ro i e scores to ma e t e game more competitive.  

2.1 Technical Specifications 
e e a et o  P i i  e  to re re ent t e co or  ince t e  are ca a e o  

displaying a wide range of colors and their control interface is straight forward. Three 
 are et to re re ent t e t ree rimarie  in t e co or ace to e t ie  an  a o rt  

 i a  t e co or ro ce   t e ect   t e  e co ore   t e  are 
re ati e  ro t an  con i tent o er time  rt ermore, they don't heat u  m c  n t e 
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ot er an  a  t e  are main  targete  or commercia  e to ro i e o e o  am ient 
lighting, their gamut is rather limited to the common indoor and outdoor illuminant colors 
e g  ar  green an  c an are o t i e t e gamut).  

o o ercome t i  imitation  e create  a oo -  ta e or t e co or  ing a onica 
Minolta CS1000 tele-spectro-radiometer mapping the values in the sRGB color gamut to 
their corresponding val e  or t e  i  oo   ta e e   in  a et o  co or  

ic  can e i a e   t e e  a  e  a  t e e act a e  to e ro i e  to t e 
 in or er to i a  t e e ire  co or  Since t e co or re ro ction nction o  t e 
 t rne  o t to e non inear an  com e  ing a oo -  ta e to con ert t e a e  

et een t e game   tem an  t e  i  a rea ona e c oice  

Furthermore, we use the open source code of Perl (2012) for trac ing the PS3 Move  
contro er it  t e e  o  a e cam  e trac ing i  ite ro t to occ ion   

2.2 Game Setup 
Figure 1 presents a schematic view of the game setup. We divide the space to equal 
ori onta  ortion  eac  o  ic  i  a igne  to one o  t e three  o tan  or eac  

of the primaries of a color space (i.e.  e  reen  an  e or  en t e ect 
ace  t e contro er in eac  o  t e e area  t e corre on ing  i  acti ate  e 

vertical dimension is divided to three areas, namely, up, middle, and down. Therefore for 
e am e acing t e contro er in t e area a igne  to t e ir t  in t e up or down areas 

i  re t in an increa e or ecrea e re ecti e  in t e contri tion o  t at  in t e 
co or mi e   er  e middle area is design to introduce a null state which helps users 
get etter contro  o  t e c anging , where no c ange occ r  in t e . The total 
n m er o  te  in eac  co or c anne  o  eac  co or ace i  e t con tant to a oi  gi ing 
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Figure 1: Schematic view of the game setup and its components. 

e o rt   i a  t e co or mi e   t e a er  The player needs to match this 
color to the color of the patch given on the screen. The screen also shows the player their 
score upon completing each round of the game. 

At each instance of the game, one of the target colors is displayed in a large patch on the 
screen next to a few lines of instructions. The order of colors is random. The screen is 

ace  in a a  t at t e a er can not ee t e target  an  t e atch on the monitor at 
t e ame time  o t at t e  nee  to re  on t eir i ea o  t at co or  i  a  e can etter 
study which characteristics of the color are more important for people. We setup the game 
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in i e a ar  room to a oi  t e e ect o  am ient i mination an  ro i e etter contra t 
or t e  an  t e monitor  

Target Colors: We've chosen six colors, namely: Sand , Pimento 
( , Sapphire (88,10,226)  cora  Pin  (244,121, , Lemon (225,238,24), pastel 
Purple (216, , ).  

3. EXPERIMENTS AND DISSCUSSION 
n t i  ection e ro i e etai  on o r ata ana i  ir t e e ine o r metric  Then 

we present the results for supervised and unsupervised experiments. Finally we compare 
t e contri tion o  c roma er  minance ing t e intra-o er er ata ana ysis. 

2.1 Metrics 
e e e ian er er ime  in econ  a  a notion o  o  int iti e it i  to mi  

an  matc  co or  in eac  ace  e me ian i  c o en ince it i  more ro t to o t ier  
Luo et al. (2005) define observer accuracy a  t e c o ene  o  t e agreement et een t e 
re t o  eac  in i i a  o er er an  a tr e a e o  t e mea rement  i e  t e mean o  a  
t e o er ation  or eac  co or  o o ing Luo et al. (2005), we define erage nter-

er er nacc rac  CS for each color C and color space S in  ∆E*
ab  as: 

cs  =  ( 1/n ) 
n

i
 *

a   ( TCS , PCS
i
 ) , 

where TCS = ( 1/ n ) 
n

i PCSi  , and PCSi is a player's result for each C and S. T e n m er 
o  o er ation  is n. e a e a o ca c ate  t e i erence et een t e TCS and the actual 
matc  rom t e oo -  ta e e aine  e ore  e re er to t i  error a  erage 

er er rror  a o in ∆E*
ab  units. 

2.2 Supervised Experiment 
For the first experiment, we a e   a t ma e an  ema e ect   e ert an   nai e 

ect  it  correcte  to norma  e e-sight to reproduce the six target colors in each of 
the two color spaces. They were also required to ta e a co or e icienc  te t rior to t e 
game to ma e re t e  a  a e norma  co or i ion  Two ect  re eated the 
experiment to provide data for the intra-o er er t   

e tionnaire  ere ro i e  to t e artici ant  to e a ate t eir e erience  e 
ect  ere a e  to rate the game (on a scale of 1 to 5) a e  on o  n an  o  ar  

it is to play. era  the players rated the game as ''fun'' (4.1/5) and with ''average 
i ic t   n a erage  eac  co or a  een a e  a o t  time . 

2.3 Unsupervised Experiment 
n t e econ  e eriment e a  t e i itor  o ntari  a  a  man  co or  a  t e  i e  

e e ect  ere ma e an  ema e et een  an   years old and not included in the 
supervised experiment. The order of colors were random  n a erage  each color was 
played 5.2 times for RGB and 4.5 times for HSV. 

2.3 Data Analysis 
Figure 2 mmari es the analysis of the supervised and unsupervised experiments 
respectively. According to the top row, HSV is a more intuitive color space as the naive 

ect  ere a ter in mi ing co or  com are  to  n t e ot er an  t e ect  
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er orme  imi ar  in ot  co or ace  a e  on t eir nanimit   n a erage  cora  
in  an  a te  r e ere t e mo t an  ea t acc rate  mi e  co or  re ecti e   

en t o g  t e nai e gro  too  onger time in  ot  gro  er orme  imi ar  in 
a erage regar ing t eir  an   

e  i  more t an t ice t e , and it is quite high for a perceptual difference. 
This shows that the s ect  erce tion o  t e  co or a  ite ar rom it  act a  co or 
value measured accurately using the tele-spectro-ra iometer  ere are e era  o i e 
reasons for that, including the surround effect, and that the players did not have the screen 
an  t e  ne t to eac  ot er  i  i  an indication of cognitive processes affecting our 
perception of colors. 

Based on Fig re  ottom ro  when players’ ta  a  to on  a  one co or and space 
each, t e  ere e  nanimo  among t em e e  mac ing in S  ig  . This 
indicates that as Sc ar  et al.  expressed, HSV requires learning to use effectively. 

 
Figure 2: Top and bottom rows present supervised and unsupervised experiments 
respectively. From left to right: the MOT in seconds, AIOA and AOE in ∆E*

ab.  
To compare t e contri tion o  c roma er  minance e e t e intra-o er er ata 

gat ere  rom t o e ert ect  a e  com are  t e erage ntra- er er 
inaccuracy  a  a mea re o  re eata i it  an  Average Matching rror  
a o te error  et een the two color spaces in Chroma and Luminance. Based on the 
o taine  a e  ect  er orme  etter in matc ing minance t an c roma in ot  
color spaces.  

Table 1. Intra-observer study:subjects matched better in Luminance than croma. 

 Time m er -Chroma -Luminance -Chroma -Luminance 

RGB 73.5 32 8.6 5.5 41.8 21.3 

HSV  33  5.3 41.5 24.8 

2.3 Challenges 
An ine ita e c a enge in a erio  game i  t e meta-gaming (McCallum 2012). For 

e am e  a a er mig t tr  to intentiona  a  a  But it's difficult to ensure that there 
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are no loopholes in the game rules, and restricting the game could limit the players' natural 
e a io r an  ia  t e re t  Having many ect  re ce  t e e ect o  such outliers. 

4. CONCLUSIONS 
n t i  a er e too  a antage o  gami ication in designing a study on human color 

perception. The designed game was used to gather in ormation a o t t e int iti ene  o  
mixing and matching colors in two different color spaces (i.e., RGB and HSV). The results 
of a supervised and controlled experiment indicate that HSV is a more intuitive colorspace 
a  t e ect  ere a ter in mixing colors compared to RGB. Results also indicate that 

ect  etter matc ed in minance com are  to c roma  n an n er i e  e eriment 
ect  ere less unanimous matching in HSV. 

t re or  inc e  gat ering ata it  more ect  t can a o inc e t ie  o  
t e e ect o  gen er  nationa it  an  age  e game can a o e a a te  or t e o er er  
to mi  t eir a orite co or  or or co or memor  e eriment  t co  a o e intere ting to 
see if one can detect color deficient players through the game. 
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Using Visual Illusions to Expand the Available Colors for Making 
Mosaics

Ping  an  ei ei 
n tit te o  ie  rt  ationa  iao ng ni er it

ABSTRACT
o aic i  an ancient art orm o  creating image   arranging e e  ma  iece  o  ceramic  

or ot er co ore  materia  ca e  te erae  ne o  t e c a enge  in creating mo aic  i  t e imite  
n m er o  co or  o  t e materia  n or er to create t e e ire  co or  t at o not e i t  mo aic arti t  
a e to ma e great e ort  to earn rinci e  o  co or mi t re o  te erae ic  i  not a a  int iti e  
n t i  re earc  e attem t to oo  or ot er o i e o tion  or increa ing a ai a e co or   

a ing t o i erent i a  i ion  rai rien orn eet i ion an  neon co or rea  
i ion  to t e mo aic e ign  o in  o t t e o tima  et o  arameter  to ma imi e t e e ect o  
illusion, we designed a series of computer-simulated experiments to examine how parameters such 
a  t e i e o  te erae  t e i t  an  t e co or o  gro t  an  t e o e o  minance gra ing a ect t e 
magnit e o  t e e t o i ion  e re t  o  t at t e magnit e o  rai rien orn eet 
i ion i  remar a  ta e acro  a  mani ate  a e  o  arameter  e neon co or rea  
i ion   contra t  i  en iti e to ca e o  te erae  an  i t  an  co or o  t e gro t ine  ncrea ing 
t e i t  o  t e gro t ine  i  en ance t e neon co or rea  i ion i e increa ing t e i e o  
te erae o  ea en t e i ion  e magnit e o  neon co or rea  arie  it  e  o  gro t  

reen gro t generate  t e tronge t i ion  o o e   re  e an  e o  gro t in t at or er  e 
a o create an ren tein fig re it  ceramic te erae accor ing to t e re t  o  t e e eriment an  
the illusion effect of this physical version supports the conclusion of the experiment of neon color 
spread illusion.
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ABSTRACT 

o aic i  an ancient art orm o  creating image   arranging e e  ma  iece  o  
ceramic  or ot er co ore  materia  ca e  te erae  ne o  t e c a enge  in creating 
mosaics is t e imite  n m er o  co or  o  t e materia  n or er to create t e e ire  co or  
t at o not e i t  mo aic arti t  a e to ma e great e ort  to earn rinci e  o  co or 
mi t re o  te erae ic  i  not a a  int iti e  n t i  re earc  e attem t to oo  or 
ot er o i e o tion  or increa ing a ai a e co or   a ing t o i erent i a  
i ion  rai -O’brien-Cornsweet illusion and neon color spread illusion, to the mosaic 

e ign  o in  o t t e o tima  et o  arameter  to ma imi e t e effect of illusion, we 
designed a series of computer-simulated experiments to examine how parameters such as 
t e i e o  te erae  t e i t  an  t e co or o  gro t  an  t e o e o  minance gra ing 
affect the magnitude of these two illusions. The result  o  t at t e magnit e o  rai -
O’brien- orn eet i ion i  remar a  ta e acro  a  mani ate  a e  o  
arameter  e neon co or rea  i ion   contra t  i  en iti e to ca e o  te erae  an  
i t  an  co or o  t e gro t ine  ncrea ing the width of the grout lines will enhance the 

neon co or rea  i ion i e increa ing t e i e o  te erae o  ea en t e i ion  
The magnitude of neon color spread varies with hues of grout. Green grout generates the 
strongest illusion, followe   re  e an  e o  gro t in t at or er  e a o create an 

ren tein ig re it  ceramic te erae accor ing to t e re t  o  t e e eriment an  t e 
illusion effect of this physical version supports the conclusion of the experiment of neon 
color spread illusion. 

1. INTRODUCTION 

Mosaic is a discrete form of art. n i e t e ca e o  ainting  ere t e arti t can ro ce a 
i e range o  co or   mi ing colors on his/her pallete  in mo aic ma ing t e arti t a  to 
or  it  a er  ma  n m er o  co or  carrie   t e a ai a e te erae. While not 

com ete  im o i e  it i  er  i ic t to ac i e co or mi t re e ect  arranging 
colored tesserae in a specific way  t e rea on eing t at t e grain i e o  mo aic elements is 
con i era  arger t an t e co or e ement  in a Pointillism painting. The top priority in the 
consideration of the arrangement of the tesserae o  e given to conveying the spatial 
structure of the picture, not to the color mixture effect. t ta e  great ta ent an  i  to 
ma e a mo aic or  t at e ce  ot  in orm an  co or ( oc to   Clagett, 2002). 

Given the color constraint  ace   mo aic arti t  we are highly moti ate  to ee  or 
ways to expand the useful color range for the artists. n t i  t  e tr  to ma e use of two 
color-related visual illusions, rai -O’brien-Cornsweet illusion (Cornsweet, ) and the 
neon color spread illusion (Bressan et al.,  to increa e t e ecti e n m er o  
colors in a mosaic. 
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colors in a mosaic. 

 

 

n t e origina  orm o  the rai -O’brien-Cornsweet illusion, two panels of identical 
luminance are connected to eac  ot er  an amplified’ luminance edge a a  the 
Cornsweet edge) in the middle (Cornsweet, , see Figure 2). e o arit  gge te   
this amplified edge’ o  ee  into t e e t o i e ane  ma ing t e ane   t e ar  
side of the edge oo  ar er (the right panel in Figure 1)  t e ane   t e rig t i e 
rig ter (the left panel in Figure 1). 

 

Figure 1: Illustration of the Craik-O’brien-Cornsweet illusion. 

Several forms of the neon color spread illusion a e een e cri e  in t e iterat re see 
Bressan et al.,  for a review ). Two of them are shown in Figure 2. 

 

Figure 2: The neon color spread. (A) The version by Dario Varin; (B) The version by 
Tuijl (Bressan et al., 1997). 

n a  orm  o  t e neon rea  i ion  t e co or o  ome ine ine attern ee  into 
t e rro n ing ac gro n  ma ing a a e  area tinte  it  t e co or o  t e ine ine  
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e ig re  t at t e a o e t o i ion  a e t e otentia  o  increa ing a ai a e co or  
in a mo aic it o t a ing to increa e t e n m er o  ica  co or  o  the tesserae. Two 
sets of psychophysics experiments were carried out to determine the optimal parameters for 
creating the strongest color effect. 

2. METHOD 

The first set of psychophysics experiments manipulated (1) grain i e o  t e tesserae, (2)  
the width of grout lines, (3) the slope of luminance grading, to map out the optimal  range 
o  t e e arameter  n t e econ  o  e eriment  the effect of: (1) i e o  t e tesserae, (2)  
the width of grout lines, (3) the color of grout lines, on the magnitude of neon color spread 
were measured with the method of adjustment 

2.1 Materials for studying the discrete version of COC illusion 

Figure 3 shows t e i crete er ion o  t e  i ion a ong it  a o n  ie  t e 
lluminance profile near the Cornsweet edge. To use the method of constant stimuli to 
gauge the magnitude of illusion, there are five levels of luminance difference spanning 
rom igni icant  rig ter to igni icant  ar er et een t e e t an  t e rig t a  o  t e 

stimuli. e ecti e e a it  oint a  eri e  rom t e psychometric function as the 
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2.2 Experimental Procedure for studying the discrete version of the COC illusion 

A typical method of constant stimuli procedure was adopted in this eperiment. The 
artici ant a  a e  to ge et er t e e t a  o  t e tim  oo  rig er t an t e 

right half. There were 30 trials for each of the five luminance difference e e  ma ing t e 
tota  n m er o  tria   in a com ete e ion   

2.3 Materials for measuring the magnitude of the neon color spread illusion 

n t e econ  et o  e eriment  e e  method of adjustment to measure the effect of the 
neon color spread. The stimulus layout is illustrated in Figure 4. 

 
Figure 4: Stimulus layout and the operation panel in the neon color experiment. Notice 

that the between-line space in the comparison area is of the identical grey of the rest 
background. The color of the between-line space is subject to the participant’s adjustment.  

2.4 Experimental Procedure for neon color experiment 

The participants needed to adjust the color appearance of the color of the et een-line 
space in the test area utill it matches that of the comparison area  contro ing the hue, 
at ration  an  t e rig tne  i e ar  on t e o eration ane  

3. RESULTS 

3.1 The COC eperiment 

Effect of Grain Size  t e t o e e  o  grain i e e  in t i  t     i e   
20 x 20 pixels), we foun  a ten enc  o  o taining arger i ion e ect it  igger grain . 
However, the difference is not statistically significant (p=0.2  > 0.05). 

Effect of Line Width  t e t o e e  of line width used in this study (1 vs. 2 pixels), we 
found a clear pattern of larger line width produces stronger illusion effect (p=0.02). 
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Effect of Luminance Slope  t e t o e e  of luminance slope used in this study (on 
average, 15 units/step vs 22.5 units/step), we did not find significant difference in the 
illusion strength (p=0.88). 

3.1 The neon spread eperiment 

Effect of Grain Size e e ect o  grain i e a  er  igni icant in t e neon e eriment 
(p<0.01), t e igger t e grain  t e tronger t e en e o  neon rea  a  i ce  

Effect of Line Width The effect of line width was also very significant in the neon 
experiment (p<0.01), the wider the line, the stronger the sense of neon spread was iduced. 

Effect of Hue We tested four different hues  re  e o  green  an  e  t e re t  eing 
that green was significantly more potent in inducing neon spread than all other hues, and 
there was no difference among re  e o  an  e  

4. CONCLUSIONS 

We found, in the computer simulation mode, great effect of ot  t e  and the neon 
color spread illusion in discrete forms. e magnit te o  t e  i ion i  re ati e  
ta e acro  a  e e  o  arameter  te te  in t i  t  on  igni icant  mo ate   

levels of line width.  

n t e ca e o  t e neon co or rea  t e e ect i  not on  more ramatic t a o m c  
easier to apply to real art creation. The artist can apply chosen colors to grout lines, and the 
area circ m cri e   t e ine o  e tinte  it  t e co or  e e ect i  ome o  e-

e en ent   t e o r a ic co or  te te  in t i  t  green ee  mo t aggre i e  
Both t e i e o  tesserae and the line width affect the magnitude of the illusion. 

To c ec  et er o r conc ion o  or reflective instead of illuminating surface 
(Bressan  ), we did an informal comparison with physical ren tein ig res ( ima et 
a  ) as shown in Figure 5. The general patterns hold in the physical version. 

o e er  t e i e o  i ion ecome  smaller in the real version.  

  

Figure 5: Two physical ren tein ig res of different line widths. 
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ABSTRACT
or cent rie  arti t  a e earc e  at in  co o r com ination  are armonic  a or ing 

ae t etic ea re to ie er  n inni  art e cation teac ing o  co o r re ation i  i  ti  arge  
a e  on tra itiona  notion  o  armon  an  in  o  t eorie  a e een orme  o  co o r armonie   
e a e een en e  ea ti  armonic ainting  a  in  o  i a  ict re  in i erent me ia  
o o r armon  a e  on a tract an  orma  or ering  nit  a ance or ea antne  a  to a arge 

e tent cea e  to moti ate arti t  rn i  
at oe  t e o o ite  i armon  mean   armon  a or  ae t etic ea re an  

tran i it  o  min  oe  i armon  a or  ae t etic i com ort an  i t r ance o  min  o  
can e create ae t etic i com ort

This oral presents with many illustrations how students investigate and express intentionally 
t eir conce tion o  i armon  eir ta  a  to create a  i armonic or g  a ainting a  t e  
can  t a a  t rn  o t t at t e  a e ne er ta en t i  in  a roac  e ore  i armon  i  efine  a  
t e o o ite o  armon  t rai e  con icting ee ing  en t ere i  no i a  ierarc  an  e a  i a  
o er  are fig ting it  eac  ot er ca ing r tration  ae t etic i com ort

ir t reaction  o  t e t ent  a ter recei ing in tr ction  to t e e erci e i armonic ainting  
are a a  i e ie  an  a g ter  e  t in  i armonic ainting  i  er  ea  an  a t to o  n 
genera  t e  egin to aint it  t e g  co o r  it  co o r  an  com o ition  t e  ate   e 
painting processes of disharmony are very interesting to follow as a teacher. 

e target o  g ine  in t e meaning o  i armon  i  genera  ea ing  i ic t or t e 
t ent  to ac ie e   it o i e to ac ie e i armon  at a  e  notice t at i armon  i  e en 

more i ic t to e re  t an armon  t i  a o a in  o  ara o  t at en t e  tr  to create  
c romatic armon  an   ea t  t e  ai  erea  en t eir rimar  ta  i  to create i armon  t e  
ac ie e omet ing er  intere ting  re  an  goo  oo ing  omet ing t e  o  a e ne er a e 
ac ie e  a  t e  or e  in t e acc tome  manner

n t e en  t e t ent  earn to n er tan  t at armon  an  i armon  are e a  im ortant 
in art  i armonic e ement  anoma ie  are er  im ortant to ma e i a  ten ion an  attracti ene  

it  ot  armon  an  i armon  ig  intere ting contra t can e create  e t ent  earn a o 
t at t ere are no g  co o r  in t e a o te meaning  t eir g  co o r  t rne  o t e t e o o ite  t 
is very interesting to share and discuss notions of what is disharmony and ugliness. What constitutes 
t em in t e ict re
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ABSTRACT 

This paper presents a case study of my colour education classes, how students of Graphic-, 
Textile- an  n tria  Design investigate and intentionally express their concepts of 
disharmony. 

     For cent rie  arti t  a e a e  at in s of co o r com ination  are armonic  
affording aesthetic pleasure to the ie er  n the Finnish art education, teaching of colour 
re ation i  i  ti  arge  a e  on tra itiona  notion  o  armon  an  in s of 
t eorie  a e een orme  o  co o r armonie   e a e een en e  ea ti  
armonic ainting  a  in  o  image  in the i erent me ia  o o r armon  a e  on 

a tract an  orma  or ering  nit  a ance or ea antne  a  to a arge e tent cea e  to 
moti ate arti t  rn i   

     at oe  t e o o ite  i armon  mean   armon  a or  aesthetic pleasure and 
“tranquillity of mind”, does disharmony afford aesthetic discomfort and “disturbance of 
mind”? How can we create aesthetic discomfort? It raises conflicting feelings when there is 
no visual hierarchy and equal “visual powers” are fighting with each other causing 
frustrations and aesthetic discomfort   t e main me age i  not c ear nor do e e en no  

at to oo  or ir t in the disharmonic picture that might cause the feeling there is 
omet ing n no n an  re i e an  omet ing e en car  to  

     The target of ugliness in the meaning of dis armon  i  genera  ea ing  i ic t or 
t e t ent  to ac ie e   it o i e to ac ie e i armon  at a  t i  a o a in  of 
paradox that when students  tr  to create  c romatic armon  an   ea t  t e  ai  erea  

en t eir rimar  ta  i  to create disharmony they achieve something very interesting, 
re  an  goo  oo ing  omet ing t e  o  ne er a e ac ie e  a  t e  or e  in t e 

accustomed manner.     

1. INTRODUCTION 

n my colour education, it is most important that the students learn to develop efficiently 
t eir en i i it  to ma e t eir o n e act o er ation  o  co o r   e a n m er of 
e erci e  ere t ent  are earning  oing  This case study exercise is one of them. 

en t e  are ainting an  or ing it  co o re  a er  o e  er  ) they have to 
ma e an  ana e their own perceptions of different colour interactions in different colour 
comparisons. Become good visual professionals, e.g. designers, students should learn to 
open their eyes, understand what they see and how they react as individuals en t e  oo  
at colours in any environment. 

     Colour armon  i  t e ect o  en e  te t  o ering  a ice to the artists and 
e igner  an  genera  ea ing i armon  i  mentione  to e t e o o ite  something 

distur ing or n a   armon  i  re ate  to ea t  i  i armon  re ate  to g ine  n 
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the exercise, t eir ta  were to create an as disharmonic ainting a  t e  can an  ma e 
o er ation  o  t eir o n a  to o e the question of disharmony. icia  disharmony 
was defined as the opposite visual term of harmony. n my opinion, disharmony is a visual 
term which means there is no visual hierarchy and the main message is not clear nor do we 
e en no  at to oo  or at ir t in t e i armonic ict re  e e in s of aspects cause 
frustrations and aesthetic discomfort. Here is my “theoretical” example of disharmony. It 
represents at the same time visual chaos: t e e ement  are i tri te  ran om  t ere i  no 
rhythm and no visual cohesion (Figure 1). 

 

 

Figure 1: Example of disharmony. 

 

2. METHOD 

The exercise is simply called “Disharmonic painting”. Instructions for the exercise were to 
discuss the visual terms “harmony” and its opposite, “disharmony”. The students should 
t in  an  a  t em e e  if harmony affords aesthetic pleasure and tranquillity of mind and 

at oe  i armon  a or  o  can  create ae t etic i com ort  at oe  
disharmony mean personally to me   

     The students should not e o n e am e  o  i armon  nstead, they should t in  
i a  an  ma e etc e  a o t at in  o  com o ition  an  co o r  i  e ta i  
i armon  in t e e t a  in their own opinion. e to ic co  e a roac e  freely. 

Finally, they should execute a disharmonic painting which is as disharmonic as o i e in 
i e  it  go ac e or acr ic co o r  

     The first reactions of the students after receiving instructions to the exercise 
“Disharmonic painting” are always disbelief and laughter. They think “disharmonic 
painting” is very easy and fast to o  t i  a  t at t e  a e never tried to paint in a 
disharmonic way an “ugly” painting before. 
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     n genera , they begin to paint with the “ugly colours”, with colours and compositions 
they hate. The painting processes are very interesting to follow as a teacher. When the 
processes approach the end, man  t ent  egin to e re  t eir ama e  ee ing  an  
o er ation  t eir ainting  are not so disharmonic although they tried to use “ugly 
colours” and imperfect compositions!    

 

3. RESULTS AND DISCUSSION 

The students tried in general to e ta i  i armon   e ta i ing g ine  ere ere 
t o main a roac e  e ect i  narrati e an  t ere i  omet ing odd, disgusting and 
even scary a o t it  not er genera  to ic is an a tract com o ition with a lot of colours. 
The students´ most common arguments for their disharmonious paintings were: disgusting 
topic, restless composition and ugly colours meaning for example colours with low 
at ration or e am e ro n  green  it  trong e o s, reds and es. The second 

most common arguments had to do with “too many colours”. They used more colours than 
what they usually do. They mixed new colours they never use  e ore an  at t e  a  
not i e  at a  

      t a  intere ting to are an  i c s notions of what constitutes disharmony and 
ugliness after all. The students noticed that disharmony and ugliness are not always the 
same thing. Disharmony is a visual term and ugliness is quite a ecti e an  a o a 
cultural learned matter. Disgusting topics include or e am e e ta i ing instructively 
cultural and individual notions of ugliness. What ugliness means is more of a philosophical 
matter in our time and in our western culture now.  

     What constitute  i armon  in t e ict re  We drew a conclusion that all these 
anomalous colours, contrasts, details and compositions did not produce a o te 
disharmony in the meaning of totally aesthetic discomfort or chaos. nstead, disharmonic 
elements, anomalies created visual tension and fresh attractiveness  n that way their 
alleged disharmony turned into harmony in the meaning of affording aesthetic pleasure. 

     n t e en , the students learned to understand that harmony and disharmony are equally 
important in art, graphic design and in all visual e re ion  it  ot  armon  an  
i armon  ig  intere ting contra t can e create  e t ent  also learn that there are 

no g  co o r  in t e a o te meaning  t eir g  co o r  t rne  o t to e t e o o ite in 
the way they used them.   

      ave had this exercise “Disharmonic painting” at my colour education now for many 
ear  a  a  t e t ent  ai e  in t eir ta  in ing it ar  to ac ie e t e et goa  o  
i armon  r tration et in   t ee  ara o ica  e en a r  to ai  en you have 
een a o e  to o t t at in t e eginning  to create a i armonio  or a  t e  t in  in 

general, “an ugly picture instead of a goo  oo ing one”. At the same time this exercise has 
encouraged the students to create something different and ne  to t em e e   often 
heard:” I would have never done anything like this without the exercise!” That has been a 
way to exceed themselves and has given them a strong feeling of success after all.  By 
giving up preference for harmony, they accepted dissonance to e a  e ira e a  
con onance er   
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4. CONCLUSIONS 

e ac ie e  a in  o  armon  t ro g  i armon   i armonio  co o re  ainting 
can also afford aesthetic pleasure. We considered namic armon  in t e a  o e  

er  e cri e  it: “Besides a balance through colour harmony, which is comparable to 
symmetry, there i  e i i ri m o i e et een co o r ten ion  re ate  to a more namic 
asymmetry” (Albers 2006).  

     Conclusions are in general t at i  t ere i  no a o te co o r armony there is no 
a o te co o r i armon  eit er  o t ere are no a o tely g  or ea tiful colours 

t a er  arge an  ric  ectr m o  i erent co o r com ination  ere are no 
a o tely failed compositions either  er t ing e en  on at e need in a certain 
actual context. Historical, cultural and individual qualities define how we understand the 
terms harmony and disharmony in a Western culture. These visual terms are not direct 
synonyms to the a ecti e  eauty and ugly. 

     Neuroscientist Beau Lotto expresses in his studies (Lotto 2013) that he learned to 
foresee what the next colour is eo e o  c oo e en t e  can ree  com ine 
i erent co o r  at otto  e eriment  e ai  t at e i e to e i e  i e co o r  in 

the same way they occur in nature eca e e are used to that.  

     t e a e een in art i tor  o  ne  co o r com ination  co  a o e ea ti  
after we a e ecome acc tome  to t em  m re ioni m  a i m an  re ioni m 

ere at ir t a  recei e  and their colours regarded as most disharmonious and ugly 
ono r  eming  t t eir or  are ig ly valued today. These trends taught us 

to see a new in  o  ea t  an  armon  e t ent  i  e t e e agent  o  c t ra  
evolution of colour images in the future. 
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ABSTRACT
erience  in t e teac ing o  co or are centra  to t e  comm nit  e i ic tie  in 

t i  goa  are e to t e intrin ic m ti i ci inar  nat re o  co or an  to it  man  i erent o i e 
a ication  an  re ate  tec no ogie  oreo er  co or  a e emotiona  c t ra  an  m o ic a ence  
an  e igning it  co or can ometime  oo  i e a matter o  er ona  re erence  

n or er to e a e to teac  a  a ect  re ate  to co or an  ma e t e t ent e erience t em  
ni er it  eg i St i i i ano an  Po itecnico i i ano a e organi e  in t e aca emic ear 

 t e ir t e ition o  t e a ter in o or e ign  ec no og  it  t e aim o  ro i ing in
e t  training in t e com e  fie  o  co or e ign an  co or tec no og   e ma ter aim  at orming 
ro e iona  a e to manage t e tec no ogica  an  e ign com e itie  o  ing co or in creati e 

and industrial processes and in many application domains: from industrial product design to interior 
arc itect re  rom comm nication to a ion an  entertainment  an  e en in e igning t e r an 
environment.

e ma ter  rogram i  organi e  in t o e arate earning a e
e ir t a e i  i i e  in o r mo e  n t e ir t one t e c t re o  co or i  intro ce  

tarting rom it  i tor  an  t en in e tigating t e a ect  o  erce tion t at are t e a i  o  it  
complexity. The second module is dedicated to the color physics, optic and measurement fundamental 
and color atlases. With the diffusion of new technologies, more and more aspects of communication 
an  co or re ro ction are ecoming igita  t  in t e t ir  mo e  co or imaging  t e t eoretica  
and practical fundamentals to manage, display and reproduce digital color contents on different media 
are provided. Finally the fourth module explores the profession of color designer through examples 
and case studies, in various professional contexts.

e econ  art o  t e ma ter con i t  o  fi e ro ect or  t at are e igne  to t t ent  in a 
o ition to erge at t e  a e earne  in t e n amenta  in fi e cenario  o  t ica  co or e ign  

e fir t mo e i  a o t comm nication  ere t ent  are a e  to inter ret t e co or in t e conte t 
o  i ing  e econ  mo e ea  it  a ion e ign  i e t e t ir  mo e oc e  on t e 
chromatic planning for innovative retail spaces designed to ensure a harmonious relationship with the 

a e  coming rom t e ran  an  t e cor orate i entit  e o rt  mo e on ro ct e ign a  
the purpose to acquire methods and operational tools in order to design and develop proposals for the 
c romatic in tria  ro ct  e fi t  mo e t eme i  t e re ation i  et een t e co or in r an 

ace  an  t e meaning  o  t e man interaction  t at ta e ace it in it  e i c ion oc e  on 
t e ae t etic gra ing o  i ing  in mo ern con tr ction  to o e t eir i a  im act

At the end of all these modules, students are called for an internship in one of the companies or 
re earc  center  re ate  to t e ma ter  mong t em e cite ar ieri  arco  oero ro  eramica 

og e  ariant  int ro  mg o or  onica ino ta  ec er  antero  ateri  Paint  i oni  
S  i o  ite
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S R C  
Experiences in the teaching of color are central to the AIC community. The difficulties in 
this goal are due to the intrinsic multidisciplinary nature of color and to its many different 
possible applications and related technologies. Moreover, colors have emotional, cultural 
and symbolic valences and designing with color can sometimes look like a matter of 
personal preference. In order to be able to teach all aspects related to color and make the 
student experience them, niversit  degli Studi di Milano and Politecnico di Milano have 
organized in the 2014-2015 the first edition of the Master in Color Design & Technology 
with the aim of providing in-depth training in the complex field of color design and color 
technology.  The master aims at forming professionals able to manage the technological 
and design complexities of using color in creative and industrial processes and in many 
application domains: from industrial product design to interior architecture, from 
communication to fashion and entertainment, and even in designing the urban 
environment. The master s program is organized in two separate learning phases. The first 
phase is theoretical, while the second part consists of pro ect works to make students apply 
what they have learned in the fundamentals in scenarios of typical color design. At the end 
of all these modules, students are called for an internship in one of the companies or 
research centers related to the master.  

Figure 1: Three moments involving the students, during the lessons: From left: practicing 
with a spectrophotometer, in the middle: using color atlases, at right: exercise for the 

Design Week about color trends. 

. IN RO UC ION 
The Master, organized by Politecnico di Milano and niversit  degli Studi di Milano, aims 
to provide in-depth training in the complex field of color design and technologies, to form 
professionals able to use color in creative and industrial processes and in numerous 
application domains. Before being allocated in the internship the students completed the 
two learning phases that constitute the training part of the Master. The first phase, 
conducted at the niversit  degli Studi di Milano, is theoretical, and it is divided in four 
modules: perception and color history, colorimetry and color systems, digital color and 
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. IN RO UC ION 
The Master, organized by Politecnico di Milano and niversit  degli Studi di Milano, aims 
to provide in-depth training in the complex field of color design and technologies, to form 
professionals able to use color in creative and industrial processes and in numerous 
application domains. Before being allocated in the internship the students completed the 
two learning phases that constitute the training part of the Master. The first phase, 
conducted at the niversit  degli Studi di Milano, is theoretical, and it is divided in four 
modules: perception and color history, colorimetry and color systems, digital color and 

 

color application. The second, held at Politecnico di Milano, part consists of five pro ect 
works to make students apply what they have learned in the fundamentals in five scenarios 
of typical color design: color for communication, color for fashion design, color for 
interior design, color for industrial product design, color for urban space. In the following, 
details about the two phases are presented. 

. I C IC OF E S ER 

.     
Perception and color history 

The aim of the first module was to present culture and color history, and the aspects of 
perception that are the basis of its complexity. The perceptual mechanisms that affect the 
color and vision in general have been examined in order to enable the students to recognize 
and design them.  

Colorimetry and color systems 

Although color is a sub ective characteristic, colorimetry is needed to measure, 
standardize, communicate and represent in an accurate way the color of a surface or a light 
source. The theoretical basis of perception, colorimetry, photometric and radiometric 
measures have been presented in this second part as well as the color atlases, an alternative 
way to select, represent and communicate color. The module presented the essential 
technical skills that are the basis of the color designer, whatever the application areas on 
which it will choose to specialize in the future. The fundamentals have been presented both 
through frontal lessons, and practical or laboratory activities. Students have been 
encouraged not only to understand the laws that govern, i.e. a spectrophotometer, but also 
to learn how to use it correctly.  

Digital color 

With the diffusion of new technologies, more and more aspects of communication and 
color reproduction are becoming digital. In this module theoretical and practical 
fundamentals for manage, view and reproduce the digital color applied to different media 
have been provided, with particular attention to the limitations and problems associated 
with the use of different devices and color profiles. 

Color applications 

The success of a pro ect that requires the conscious choice of colors depends on the 
experience, the preparation and the diligence of the designer. This module showed how the 
knowledge acquired in the previous modules can be applied in most professional fields and 
applications, through examples and case studies deriving from different contexts: 
marketing, visual communication, restoration of cultural heritage, photography, 
architecture, product and lighting design and more. A week later the beginning of the 
Master, in Milan started the Design Week, one of the most important world event related to 
the topic of design. Students were asked to actively participate to the event, looking for 
future trends in colors and finishing and reasoning about the change in the use of colors, in 
terms of decorations and schemes, from 1950s to now and more. 
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.     
Color for communication 

This module focused on the function and communicative dimension of color within the 
pro ect of Communication Design. The idea focus on the fact that each communicative 
artifact arises from a series of choices that fit into a well-defined design process. The 
design and implementation of a brand start from the visual identity (name, brand, logo, 
lettering, packaging, integrated communication) that ensures the recognition and 
affirmation of the company. It is clear the importance of color in this strategy: the visual 
identity is built on the evocative and persuasive aspects of the chromatic language. 

 
Figure 2: Project Work "Color for communication" teachers Elena Caratti and Elisabetta 

Del Zoppo, works of Sandra Niggl, Simona Troiano, and Sara Ubaldini. 
Color for fashion design 

This pro ect work is dedicated to the study of the color texturing in fashion with the aim of 
being able to offer the same product with different color variation, in order to reach 
culturally different markets and to offer the sensation of a personal choice to individual 
consumers. The starting point is the construction of the color palette, composed by 
individual colors, for the fashion collection, combined in two or three main approaches in 
relation to the messages conveyed, their aesthetic and social characteristics. The basic 
concepts of pigments for dyeing and printing textiles as well as the quality standards for 
the marketing of fashion products have been presented: clothing, footwear and accessories.  

 
Figure 3: Project Work "Color for fashion design" teachers Nello Marelli and Renata 

Pompas. On the left work of Francis Wild. On the right, students at work. 
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Color for interior design 

The pro ect work on interiors design is dedicated to the analysis of the application 
possibilities of a chromatic design, for the creation of innovative retail spaces, that can 
ensure a harmonious relationship, with the values from the image communicated by the 
brand and corporate identity. Starting from practical applications, examples of different 
approaches to retail design have been shown, proposing a new type of commercial space 
(permanent or temporary) where the color is integral part of the experience design.  

 
Figure 4: Project Work "Color for interior design" teachers Arturo Dell'Acqua Bellavitis 

and Lorenzo Morganti. Work of Costanza Fausone and Ilaria Sarà. 
Color for industrial product design 

The aim of this pro ect work is to develop a methodology to design through the simulation 
of a CMF pro ect (Color/Material/Finishes) of a real product (a branded coffee machine in 
the specific case). The students have gone through all of the methodical phases needed for 
the definition of the identity of the product: study of the market (position, competitors ), 
study and definition of the target, study of CMF trends in the sector and creation of CMF 
scenarios. The CMF responsible for the De Longhi group taught to the class about 
tendencies, brought samples of the colours used at present on the market and a new 
prototype ready for the commercial launch. After this first part students have gone through 
the proposal phase with the design of colours, materials and finishes to apply to the new 
product. The final output for the presentation have been shown also to the responsible from 
De Longhi that integrated the notes of  the teachers with comments based on their 
experience on the real market. 

 
Figure 5: Project Work "Color for product design" teachers Stefania Perenich and 

Francesca Valan. Work of Suheir Darhouth, Beatriz Travieso and Joni Kirk. 

205
AIC2015 TOKYO - Color and Image



 

Color for urban space 

This part of the master program dealt with the close relationship between architecture and 
urban space. The aspects related to the interaction between the human being and the 
natural environment has been analyzed. It will be highlighted the role of the “perceptual 
pro ect” for the growth of civic and urban identities. The module analyzed the issues 
related to the phenomena of perception and color in the urban scale by providing 
theoretical and procedural tools with the support of pictures, cognitive maps and case 
studies.  

 
Figure 6: Project Work "Color in urban spaces" teachers Giulio Bertagna and Aldo 

Bottoli. Work of Salma Hussein and Tanja Polegubic. 

 

Interim checks on students  learning progress are scheduled both for the theoretical part 
and the pro ect works, where they have to work in group to present a final pro ect for each 
module. After the internship they have to provide a final report considering goals achieved 
and skills developed during the experience that will be udge by the academic board during 
the final exam. 

.  E  
Some hours of the master program have been dedicated to the company empowerment: 
some of the companies (NCS, Barbieri, Mammafotogramma, Flukso, Barco, -rite, Konica 
Minolta, Fontegrafica, Mantero, Missoni, Elementi Moda, F.lli Giovanardi, Oikos, De 
Longhi, Nankai Co Ltd, Merck, TIGER Coatings Gmb  & Co. KG and Materis Paints) 
willing to host interns came in the classroom to tell their story and explain why there is the 
need of a color expert. They also brought devices and materials to show to the students. 
Moreover, were made two visits to companies that deal with color design: Clariant Color 
Work and Lechler, who opened us the doors of their laboratories. Empowerment supports 
the student s process of personal and professional growth by developing development the 
ability to form relationships and to work successfully in a variety of dynamics.  

. CONCLUSIONS 
We are working to launch the second edition of the master. The teaching staff will receive 
useful information from the interviews that we are doing to the students, faculty, and the 
companies involved. Meanwhile we are writing this paper, the first edition of the Master in 
Color Design & Technology is ending. The students, coming from all around the world 
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. CONCLUSIONS 
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companies involved. Meanwhile we are writing this paper, the first edition of the Master in 
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(Italy, Australia, Germany, Egypt, Lebanon, Colombia), are engaged in the internship at 
one of the many companies related to the Master, in view of the final exam, in March. The 
hosting companies operate in various sectors: chemistry, fashion, product design, and 
measurement instrumentation as demonstration that color has a multidisciplinary nature 
and many different applications.  
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The Ambiguous Term of “Saturation”
arin   ara   an   

S S or ic nter i ci inar  et or  on o o r an  ig t

ABSTRACT
m ig o  e o  co o r term  create  mi n er tan ing  in t e co o r c a room  among ro-

e iona  an  in c tomer er ice  ne o io  e am e i  t e term at ration erman S ttig ng  
renc  at ration  S ani  at racion  n e er a  ang age an  in t e oca ar  o  ainting at ra-

tion re er  to t e inten it  or i i ne  o  a co o r  n t i  re ect it i  a ro imate  e a  to S 
chromaticness and Munsell chroma.

o orimetric ang age  o e er  i ting i e  et een at ration an  c romaticne  ro-
maticne  i  an a o te mea re o  c romatic content o  a co o r regar e  o  it  rig tne  i e 
at ration i  a mea re o  t e c romatic content o  co o r  o  e a  rig tne  e ni  o a  

to the confusion, also the words chromaticity, purity and colourfulness are used as terms referring to 
more or e  t e ame t ing  t e trengt  or i i ne  o  co o r  t eac  it  it  o n cientific efini-
tion and set of parameters. 

The most confusing use of the term saturation is presented as part of the NCS system. According 
to t e efinition gi en in t e S at a  co o r  t at ie on a traig t ine rom S ac  S  o e  
e a  at ration  S at ration i  efine  a  t e re ation i  et een c romaticne  an  itene  

 S at ration oe  not an  oe  not c aim to  re er to i i ne  t in tea  enote  a co-
lour property that is distinctly different from the generic meaning of saturation. However, in their 
com re en i e cientific re entation o  S o or e earc   ication  r  Si i  an  

onn i t o not mention at ration a t o g  t e  re ent imi ar a  a itie  name  ee ne  
and clearness.

e conce t o  S at ration i  not erce t a  con i tent  t rat er a mat ematica  a  
it  t e n merica  a e  o  a tract arameter  or e am e  in t e ca e o  near  ac  co o r  t at 

can are  e i ting i e  i a  t e S at ration arie  et een ero an  infinit  ere ore 
t i  efinition i  ro ematic  ate er name i  gi en to t i  S arameter  o o r gra ient  rom 

 co o r to increa ing ac ne  can e ercei e  in nat ra  cene  it  ig t an  a o  an  in art 
an  otogra  t e e iction o  a ing o  e g  ro n  o ect  i  a ro imate  imi ar to t e erie  o  
colours along the line of NCS saturation. This, however, does not justify NCS-saturation as a theoreti-
ca  conce t  o conc e  e gge t t at t e mi ea ing conce t o  S at ration i  a an one
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ABSTRACT 

m ig o  e o  co o r term  create  mi n er tan ing  in t e co o r c a room  among 
professionals and in customer services. ne o io  e am e i  t e term saturation. 
Saturation is not a common colour term in everyday language, t i  i e  e  in the 
professional languages of art, design and science. There it has got several parallel 

e inition  n art and design parlance it most often refers to the "intensity" or "vividness" of 
a colour much in the same sense as NCS chromaticness and Munsell chroma. t can a o e 
used as an equivalent of "depth", where "deep colours" and "strong colours" are not the 
same. NCS uses saturation or t e re ation i  et een c romaticne  an  itene  a 
aria e t at cannot e ercei e  ere t e ca c ate  a e  a e no ogica  connection to 
erce tion an  ic  gi e  a tota  am ig o  a e to t e ac  e ementary colour. We 

understand the concept of NCS-saturation as a deviation from the NCS's solid foundations 
in man erce tion an  gge t t at it i  recon i ere  an  o i  e c e  rom t e 
NCS's set of parameters. NCS-saturation is one of many attempts to categorise colours as 
deep or saturated in a meaning that does not coincide with their chroma/ chromaticness. 

t er imi ar attem t  a e een ma e , among others, r gg e o an on  o create  
a previous version of the natural colour system, and also within the NCS as a "dual 
attri te  ca e  ee ne  e ee t e nee  or rt er in e tigation  o  t e ercei e  
colour quality of depth. 

 

1. INTRODUCTION 

m ig o  e o  co o r term  create  mi n er tan ing  in t e co o r c a room  among 
professionals and in customer services. ne o io  e am e i  t e term saturation 
(German Sättigung, French saturation, Spanish           ). Saturation is a generic word 
t at one ne ert e e  e om come  acro  in ca a  eec  a o t co o r  t i  i e  e  
in professional languages of art, design and science, though, and there it has got several 
parallel definitions. To add to the confusion, the words chroma, chromaticness, 
chromaticity, purity and colourfulness are also used, referring to more or less the same 
thing.1 

 

2. SATURATION IN ART AND IN EVERYDAY LANGUAGE 

The word saturation comes from the Latin word saturare (satur full). n e er a  
language, saturation i  not a common co o r term  t in art an  e ign ar ance  it is 
widely used, most often referring to the "intensity" or "vividness" of a colour much in the 
same sense as NCS chromaticness and Munsell chroma.  

                                                
1 rn i  et a   includes discussions on several difficulties in colour terminology. 
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The term saturation features in digital colour management in the colour models HSL 
(Hue, Saturation, Lightness) and HSV or HSB (Hue, Saturation, Value/Brightness). Both 

S  an  S S  are c in rica  co o r ace  t it  i erent ma ing  o  t e co o r 
varia e  re ting in t o ramatica  i erent inter retation  o  Saturation.2 The term 
saturation is also used in chemistry, referring to the limit where a fluid cannot resolve more 
o  anot er tance  n ainting it can similarly refer to the concentration of the pigment or 
to the relative contents of chromatic pigment and white. These relative contents affect the 
chromatic properties of the painted surface differently depending on the pigment. Some 
pigments, such as yellow ochres, yield their most intense appearance unmixed. For those, 
chemical saturation and chromaticness coinci e  t er igment  nota  e one  c  
a  ee  tramarine  ecome more c romatic en mi e  it  a itt e ite  or t o e  t e 
i a  ro ert  ie e   ma im m c emica  at ration co  e ca e  depth. 

3. SATURATION IN COLORIMETRIC LANGUAGE 

n t e conte t o  a co orimetric co o r ace t e at ration o  a co o r can e n er too  a  
its proximity to its fully chromatic outer limit ( i ma er  Sa t mann   n 

ermann on e m o t  or  at ration i  t e ro ortiona  mi t re o  ite  an  re 
monochromatic ig t o  e a  rig tne  e ame t ing i  ai   o  e ni  o a o 
c ari ie  o  co orimetric ang age ma e  a i tinction et een saturation and 
chromaticness. ar ing t e rig tne  o  a co o re  am  in tota  ar ne  i  e i a ent to 
varying it  c romaticne   e rig ter a re  am  ine  t e ig er it  c romaticne  

e ni conc e  romaticne  i  an a o te mea re o  c romatic content o  a co o r 
regar e  o  it  rig tne  i e at ration i  a mea re o  t e c romatic content of 
co o r  o  e a  rig tne  e ni   ). 

4. NCS SATURATION 
n t e S tem  e e o e   t e  a ar  inning re earc er  r  Si i  an  

Tonn i t a e  on t e in ing  o  a  ering ering ), saturation is used in a way 
that clearly differs from chromaticness  n t e o o ing te t e re er to t i  a  NCS-
saturation. According to the definition given in the NCS atlas, colours that lie on a straight 
line from NCS black (S) possess equal saturation; thus NCS-saturation is defined as the 
re ation i  et een chromaticness and whiteness. The illustration in the NCS atlas gives 
numeric values for each of t e o n t ree ine  m  m   m  ere m 
refers to the Swedish word mättnad, which is used for the same concept as NCS-saturation 
(S en  Standard 2004). (Fig. 1) The comprehensive scientific presentation of the NCS 
( r  et a   p 188), gives the following equation for NCS-saturation:3 

 m  c  c   (m: NCS-saturation, c: chromaticness, w: whiteness)  

Colours that possess equal NCS-saturation constitute what is called a "shadow series", a 
term t at e in  imi ar  e  in t e t a  tem t a   irren ). They 

                                                
2 i i e ia  tt en i i e ia org i i S an S  cce e   
3 n t e com re en i e S e i  re entation o  S r   S e m r ), the NCS research 
team instead defines mättnad as m=c/w. This means that m can var  etween 0 and ∞, which would 
gi e ot er ig re  in o r i c ion a o t NCS-saturation t not a ter t e principal conclusions. 
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i a  t e ercei e  ariation o  a ing e co o re  r ace or o ect  in an idealised 
progression from fully lit to totally shaded, approximating the perceived gradient of colour 
in a e iction o  a ro n  or c in rica  o ect in irectiona  ig t 4 Thus the concept of NCS-
saturation oe  not an  oe  not c aim to  re er to i i ne  t in tea  enote  a 
colour propert  t at co  rat er e inter rete  a  e t  

 
Figure 1: Lines of equal NCS-saturation, from NCS atlas 2004. The lines in the atlas are 
not precisely drawn  according to the definition the line for m=0,50 should go from S to 

the nuance 0050 and the line for m=0,75 from S to the nuance 0075. 

 

r gg e o an on  o e e o e  an ear ier er ion o  t e nat ra  co o r tem   also 
uses the concept of saturation (Swedish mättnad) in a similar way. He explicitly 

i ting i e  et een at ration an  colour strength (Swedish färgstyrka), and uses 
saturation as a synonym for depth. He also presents the idea of oversaturated 

erm tta e  co o r   ic  e meant co o r  t at are ee er t an t e co o r t at a  
ma im m co o r trengt  e o  co o r  cannot e oversaturated  there is no yellow 
colour deeper than the strongest one  erea  green  re  an  e ecia  e co o r  can 
increa e in at ration e on  t e mo t c romatic co o r ig  o an on  p4-6; 
o an on  p22-24)5. n ointing o t t i  i erence et een co o r  o  e and yellow 

e  o an on im icit  ac no e ge  an o er ation t at a o in ence  everyday 
ang age  o o r  it  i  e  are also ca e  e en t e  a e a great amo nt o  
ac ne  erea  e o i  co o r  ith t e ame ac ne  are ca e  rown or olive 

(Ber in  a   Si i   r  ). 

t i  n ort nate t at t e ame or   saturation  a  een gi en t e e i erent an  
partly contradictory meanings. Further analysis of the concept of NCS-saturation also 
shows that it is not perceptually consistent, t rat er a mat ematica  a  it  t e 
n merica  a e  o  a tract arameter  or e am e  in t e ca e o  near  ac  co o r  
t at can are  e i ting i e  i a  t e NCS-saturation arie  et een the lowest (0) 
an  ig e t  o i e a e ee ta e   

                                                
4 t o  o e er  e notice  t at t e co o r gra ient o  a ing in rea  atia  conte t  e en  
on the complex situation and cannot e im i ie  to a traig t ine in a t eoretica  mo e  
5 o i c e  in r  et a   -183. 
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Figure 2: An illustration from Johansson 1965 p22, with Johansson's caption: "Note the 

difference between colour strength and saturation. The most saturated colours are placed 
furthest to the right. Those with the highest colour strength are placed as number four 

from the left." (Our translation and reconstruction of pixelated figure). 

 

Table 1. Calculated NCS-saturation for nuances very close to elementary black.  
Nuance ac ne   Chromaticness 

(c) 
Whiteness (w) m  c c   

  0 1 0/1 = 0 n gre  ca e -S 

  0 2 0/2 = 0 n gre  ca e -S 

  0 3 0/3 = 0 n gre  ca e -S 

  1 0 1/1 = 1 n ca e S-C 

  2 0 2/2 = 1 n ca e S-C 

  3 0 3/3 = 1 n ca e S-C 

  1 1 1/2 = 0,5  

  1 2 1/3 = 0,33  

  2 1     

 

e ta e re ea  t at t e gre  ca e et een ite an  ac  a  NCS-saturation = 0. Here 
NCS-saturation coincides with chromaticness in a way that creates no conflict with any of 
the generic meanings of saturation  e ca e o  ee  co o r  et een ac  an  t e 
ma ima  c romatic co o r  o er  m c  more ro em  ere t e ca c ated NCS-
saturation i  ma ima   a o te S-saturation is a quality of all chromatic 
e ementar  co o r  erea  ite a  ero at ration  e S-saturation of elementary 

ac  cannot e mat ematica  ca c ate  an  in t e gra ica  S mo e , ac  i  t e en  
point of all lines showing NCS-saturation; t i  im  ma e  no en e. Thus, the concept of 
NCS-saturation is misleading in two ways. First, the term saturation is not a good choice, 
a  it ine ita  ea  to t in ing a o t ot er co o r a itie  t an t o e re erre  to  NCS-
saturation  ore erio  o e er  i  t e act t at S  ic  i  a e  on co o r 
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erce tion  intro ce  a aria e t at cannot e ercei e  ere t e ca c ate  a e  a e 
no logical connection to perception and which gi e  a tota  am ig o  a e to t e ac  
elementary colour. This is not a matter of mere terminology - the concept of NCS-
saturation o  e a  i ogica  an  irre e ant to erce tion ate er it a  ca e  

5. NCS DEEPNESS 

 

n a ition to NCS-saturation, the comprehensive scientific presentation of NCS includes a 
concept called deepness ( r  et a    The term is tentatively suggeste   t e 
authors who oint o t t at it ma  e am ig o  o o r  it  ee ne  are c aracteri e  

 a im taneo  re em ance to ot  ac  S  an  t e ma ima  co o r  o o r  
aro n  t e mi e o  t e ca e et een S an   a e t e ma ima  ee ne  according to 
this definition. a e  on enomeno ogica  ana i  t e a t or  ot e i e t at t e 

ee ne  a e  can e ca c ate  it  t e o o ing e ation  

 dv = 40 . s . c/(w2   

This means that the nuance 5050 has maximal deepness = 100. ementar  ac  S  an  t e 
ma ima  co o r  ot  a e ee ne     as does the white elementary colour. Lines of 
iso-deepness are shown red in Figure 3, which also shows lines connecting nuances with 
similar values of the analogically defined concepts greyness and clearness. The NCS authors 
ca  t e t ree conce t  a  attri te  e  mention t at it i  a o o i e to o er e a 
corre on ing categor  o  co o r  t at a e im taneo  re em ance to t o c romatic 
e ementar  co o r  ne e am e o  c  a  attri te  i  terme  orangeness.  

 

Figure 2: Lines of equal deepness, from Hård et al.1996 (Marked with red by us). 

en oo ing at t e co o r triang e one can ee ome imi arit  et een NCS-deepness 
an  r gg e o an on  e inition o  saturation  or i  e  o an on  ma ima  
saturated (oversaturated) colour would approximately equal the nuance with NCS-deepness 

  ere i  o e er  an im ortant i erence  n o an on  ana i  e o  co o r  
cannot e o er at rate  an  t e most saturated yellow nuance is the maximally chromatic 
one  n S  o e er  t e conce t o  ee ne  i  e  irre ecti e o  e  o Pa  
Green-Armytage (2002) inden i ie  a one o  dee  colou  a in  o  he nuance 
triangle of NCS, he treats all hues in the same a  t i  one o  ee  co o r  oe  not 
fully coincide with NCS-deepness. 
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6. CONCLUSIONS 

 

o o r  can e ercei e  a  ee  in a meaning t at oe  not coinci e it  t eir c roma  
c romaticne  ere are a n m er o  attem t  to e ine t i  a it  and arrange it into the 
order of a colour system, and here the term saturation is often used. We see the need for 
further investigations of the perceived colour quality of depth.  

The colour changes caused  cce i e a ing are an intere ting ie  o  tudy, and in 
t i  S i  a e  too  or oc mentation an  ana i  o  o er e  enomena  t i  t en 
important to see the system as a tool, not as a model, and not force the dynamics and 
complexity of real life into symmetry and linearity. 

The NCS has solid foundations in human perception of colours. We understand the 
concept of NCS-saturation as a deviation from this approach and suggest that it is 
recon i ere  an  o i  e c e  rom t e S  et o  arameter  
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Colour Education and Real Life Colour
  an  arin  

S S or ic nter i ci inar  et or  on o o r an  ig t

ABSTRACT
n t i  a er e a re  t ree ro em  o  co o r e cation   e i ea t at co o r e cation 

m t a e it e  on im ifie  ca e  a  it i  een a  im o i e to ana e com e  erce tion   e 
con e ent orm ation o  a tra itiona  co o r no e ge  t at i  too a tract to re ate to o r rea  i e 
e erience   e mi n er tan ing t at ecti e e erience  are a i  on  or t e e eriencing 
individual.

 n rea  i e  co o r e i t  in a com e  atia  conte t  ic  i  i a  n er too  t ro g  
o r erce tion o  ig t  t i  o i e to rationa  e cri e an  ana e co o r it in t i  com e it  

t t i  re ire  ot er too  an  conce t  t an t o e e  in tra itiona  co o r e cation  Peo e 
a e a great tacit e erience o  co o r an  ig t in rea  i e  an  co o r enomena ecome c ear an  

com re en i e on  en t e  are i c e  a  art o  a i ing e er a  conte t  ic   nat re i  
spatial.

 n mo t ca e  o  co o r e cation  co o r i  treate  in a im ifie  a  t at oe  not re ate 
to o r e er  a  e erience   t e e agogica  ro em i  not too ig  a egree o  com e it  
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ABSTRACT 

In this paper, we address three problems of traditional colour education: (1) The idea that 
colour education must base itself on simplified cases as it is seen as impossible to analyse 
complex perception. (2) The consequent formulation of a traditional "colour knowledge" 
that is too abstract to relate to our real life experiences. (3) The misunderstanding that 
subjective experiences are valid only for the experiencing individual.  

We claim that colour (and light) education must take its starting point in complex 
situations based on real life experience, that theoretical and descriptive concepts must apply 
to such situations, and that it is to a great extent possible to describe complex human 
experiences intersubjectively.  

Our conclusions are based on findings and approaches of the interdisciplinary research 
project ‘SYN-TES’ (2010-2011) treating colour and light as a coherent field of knowledge 
(Fridell Anter et al 2012). SYN-TES is summed up in a book on colour and light for 
humans, in a spatial context (Fridell Anter and Klarén 2014).  

1. COLOUR EDUCATION 

In most cases colour education focuses on colour phenomena as such, and without taking 
into account the visual spatial experience. Colour education has no coherent field of 
knowledge. The content has often been determined by causal needs from different interest 
groups. For example, the fact that colour education has set out from surface colours in even 
and uniform light is a pragmatic response to the needs of artists or designers who regarded 
colours as a tool for pictorial art and for pattern design. 

The lack of a holistic approach is in part obscured by abstraction of colour from its 
natural function in the living context. Artists and educators have been preoccupied by the 
thought of reducing colour to systems. It has been professionally important to have the use 
of systems describing mutual relationships between colours. However, useful for particular 
purposes, systematizing means that colours are represented by notations and colour 
samples and thus abstracted from their normal context. The nominal colours described in 
colour systems often are regarded as the “true” and constant colours beyond the accidental 
colours experienced in the complex world around. Separated from the complexity, a 
variety of colour phenomena might be clearly demonstrated, but with no connection to a 
complex spatial world they do not contribute to knowledge related to our every day 
experiences. 

The physical theory describing perceived colours as caused by spectral power 
distribution also contributes to the notion of colour as something detached from the living 
context of the world. The Japanese philosopher Januchi Murata remarks that Newton’s 
dark chamber is a device in which a light phenomenon that is inseparable from spatiality is 
made up into a light phenomenon that is independent of spatial constitution (Murata 2007: 
82).  

With simplifications – or limitations – of a similar kind, education on light is often 
restricted to a technical approach using concepts based on a theory on the human visual 
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systems' response to radiation, and to a large extent using physical measurements that 
cannot fully describe the complex dynamics of vision or the mutual nature of colour and 
light experiences. 

To humans, the experiences of colour and light are mentally inseparable; colour and 
light together form our experience of space. Colours are an integral part of the human life-
world; they are sensory qualities that are to be taken as “properties of the bodies which are 
actually perceived through these properties (Husserl 1970: 30). In this sense colours are 
the visual world and never appear isolated.  

To conclude: The pedagogical problem of colour and light education is not too high a 
degree of complexity, but the opposite. 
 

2. COLOUR AND LIGHT IN THE REAL WORLD 
Colour and light education must take its starting-point from the human living and active 
relationship to the world around. Like all other living creatures, humans are naturally 
adapted to the surrounding world. We have our own specific perceptual ecological niche 
(Gibson 1979). Colour as such has no spatial extension, and colour separated from a spatial 
context is an abstraction; colour appearance without a connection to space is 
inconceivable. The human perceptual and cognitive systems – the mode of experience and 
the abilities to analyse and take stock of position in an ever-changing environment – are 
fundamental to human adaptation to the world around (Noë 2004: 1–3).  

Perceptual adaptation is not limited to basic physiological reactions. It involves 
interplay between the individual and the world on many levels. These include the basic 
level of innate reactions (categorical perception), the level of perceptual understanding 
based on direct experience of the world, and the level of indirect cultural experience 
(Figure 1). 

 

 
Figure 1: Experience levels (Klarén 2012: 25-28). 
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Colour and light experiences belong to the human perceptual niche and they have their 

distinctive features from this fact. They are properties of the world taken in relation to the 
perceiver or depend on both colour perceivers and their environment. (Thompson 1995: 
177). Colour and light are natural, but non-physical (Noë 2004: 155).  An absolute 
dichotomy between subjectivity and objectivity is thus hardly applicable to colour and 
light experiences.   

The manifoldness of human colour and light experiences cannot be quantified or 
mapped in detail. But although our experiences are subjective by nature, our basic 
perceptual and mental conditions are functionally equal. Human experiences are largely 
intersubjective, and valid far beyond the individual. Each individual is a subject. However, 
by sharing and comparing experiences, individuals get a similar understanding of the 
world. When an external phenomenon is experienced and carefully described (in words 
and/or measurements) individuals can verify whether experiences of the phenomenon "fit" 
the description. This is the original core principle of empirical investigation. When it 
comes to colour and light experiences the only reality available to human senses is the 
human phenomenal world  (Husserl 1936/1970:108-109).  

  

3. A NEW PEDAGOGIC APPROACH 
A pedagogy describing the coherent spatial interaction between colour and light calls for 
broad perspectives on aims and purpose of the human colour and light experience. Colour 
and light education should have its starting-point in phenomenology - in a wide sense of 
the word 

It is possible to rationally describe and analyse colour and light within a complex 
context, but this requires other tools and concepts than those used in traditional colour and 
light education. People have a great tacit experience of colour and light in real life, and 
colour phenomena become clear and comprehensible only when they are discussed as part 
of a living everyday context, which is spatial by nature.  

The interaction of colour and light in a living context may be successively analysed and 
understood by alternating systematic use of well-defined concepts and practice and 
reflection. There are as yet no widely applied concepts describing coherent spatial colour 
and light phenomena, and there is a great need for more research to develop useful 
methods and concepts.  There are, however, a few approaches that have reached a certain 
spread. For example David Katz in the 1930s presented a number of concepts that names 
and defines appearance of colour in the spatial context, on surfaces, in transparency, in 
light sources, etc. (Katz 1935: 6f).  PERCIFAL - perceptual spatial analysis of colour and 
light is a relatively late attempt to describe spatial colour/ light experiences (Klarén 2011).        

Originally a method for visual evaluation of light presented by Anders Liljefors 
(Liljefors 2005), PERCIFAL is developed and pedagogically tested in the framework of 
the SYN-TES project (Klarén 2011).  PERCIFAL aims at getting a firmer grasp of the total 
perceptual effect of colour and light through observation and concepts related to human 
experience, attention and reflection. Colour and light in the spatial context are described 
with eight well-defined concepts. The process resembles that of artists; working from the 
whole to the parts less essential details are sacrificed in favour of the overall impression. 
One can thereby describe important basic aesthetic and visually functional spatial qualities 
that are difficult to reveal by other means.  
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Colour and light education should aim at understanding colour and light phenomena as 
part of a greater whole, primarily developing the ability to focus attention towards 
important or relevant visual features in complex colour and light contexts, and – not least – 
acquiring relevant and well-defined concepts and put them in practice.  

Colour and light pedagogy should be reflection, rather than reliance on isolated 
examples of elementary visual phenomena and abstract physical measurements. 
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ABSTRACT
e o ernment o  t e i erta or  egion in i e  o t  o  t e ca ita  cit  o  Santiago  e-

ci e  to a  a e to it  c t ra  eritage t ro g  t e e ign o  t o ne  inter retation center i ing  
for the region. 

e fir t i  e ter t e  ear o  arc aeo ogica  an  a eonto ogica  ite in ag a ag a 
agoon  n t i  ite  one  o  ma to on  an  ot er ma er mamma  inc ing eer  or e  an  ro-
ent  a e een o n  a  e  a  man remain  e onging to an e tinct c t re  e econ  ro ect 

i  re ate  to t e or  o  t e amo  c amanto  onc o ea er  ig a it  an  ea ti  o en 
iece  t at ere grante  t e ar  or ce ence  ne co in 

e arc itect re  o fice re on i e or t e ro ect  entr te  a t  on co or or eac  center  
including the development of color palettes for the design of the architecture, museography, and graph-
ic art   com re en i e co or t  a  con cte  in eac  ite  inc ing fie  i it  inter ie  o-
togra  aterco or ainting  am ing  an  co or r e ing  e fir t ro ect t e a eonto ogica  
interpretation center– focused on the colors of the landscape, architecture, land and museum pieces, 
main  one  an  arro  ti  e econ  ro ect t e amanto onc o  oc e  on t e co or  o  t e 
an ca e an  t e t rea  e   ea er  

Colors found were arranged into color universes specially created for each project. A color uni-
verse is a conceptual arrangement of colors related to its origin, ownership, culture, and space, among 
others. These universes were then used to design the colors of the architecture, museography, graphic 
art and merchandising in each project. The application of these color palettes to different supports, 
ee ing a con i tent ro ect image  a  a ge c a enge  

e ere  re ent t e  t  rom t e fie  i it  to e e o  t e co or t  an  t e co ec-
tion met o  e  to t e creation o  co or ni er e  an  fina  t e a ication to t e ro ect  g o a  
image, from the (indoor and outdoor) architecture to the museography and graphic design (papers, 
ign  etc  an  merc an i ing irt  ag  m g  etc
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ABSTRACT 

The Government of the Libertador’s Region in Chile, south of Santiago (the capital city), 
has decided to add value to its cultural heritage through the design of two new 
Interpretation Center buildings for the region. The first will shelter the 11,000 year old 
archaeological and paleontological site in a lagoon. The second project is related to the 
work of the famous “chamanto” poncho weavers, high-quality and beautiful woven pieces 
that received the Award for Excellence. A thorough color study was conducted in each 
place, including field visits, interviews, photographs, watercolor paintings, samplings and 
chromatic surveying. Theses colors should be used for the architecture, museography, and 
graphic art. Colors found were arranged into color universes specially created for each 
project. A color universe is a conceptual arrangement of colors related to its origin, 
ownership, culture, and space, among others. The full study, universes and their 
applications in the project’s general image –from architecture to market products– are 
presented here. 

1. INTRODUCTION 
In 2013, the Government of the Libertador’s Region in Chile, decided to design two new 
Interpretation Center buildings for the region, to add value to its cultural heritage. The 
O'Higgins Region is an exporter of mining products, in particular, copper and its 
derivatives. Its fertile soils have also favored the development of agriculture and 
agribusiness. The best wine that is produced in Chile, also comes from this region. But its 
touristic potential is not so much exploited, so the possible construction of these new 
centers are an excellent proposal to maximize its development.   

These projects were designed by a team of architects, designers, anthropologists, 
engineers, and other professional most of them from the University Austral in Chile. They 
were delivered to the authorities of the Region in the hope they will get the means from the 
Chilean Government, to build them someday. 

The architecture team entrusted each center with a study on color that includes the 
creation of color palettes to be used in the design of the architecture, museography, and 
graphic art. A thorough color study was conducted in each center, including field visits, 
interviews, photographs, watercolor paintings, samplings and chromatic surveying.Colors 
found were arranged into color universes specifically created for each project. A color 
universe is a conceptual arrangement of colors related to its origin, ownership, culture, and 
space, among others. These universes were then used to create the color palettes. The full 
study, universes and their applications in the project’s general image –from architecture to 
market products– are presented here. 
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2. THE FIRST PROJECT: THE PALEONTOLOGICAL CENTER 
The first project aims to shelter the 11,000 year old archaeological and paleontological site 
of the Tagua Tagua lagoon. In this place, bones of mastodons and other smaller mammals 
–including deer, horses, and rodents– have been found, as well as human remains 
belonging to an ancient extinct culture. 
 
2.1 Methodology 
 
The first project focused on the colors of the landscape, architecture, soil and museum 
pieces, mainly bones and arrow tips. Samples were taken of the land in different site 
locations and depths, where the bones were found, all with the NSC color palette. A study 
of the colors of the environment was also made, taking into account the landscape, 
architecture and objects. 
 

 
Figure 1: Colour survey of an arrow tip ca 10.000 BP (Elisa Cordero, 2013). 

 
2.2 Results 
 
The colors found during field visits were arranged vertically, their place corresponding to 
the landscape in a geographical/spatial sense. At the top the colors of the sky and 
mountains; in the middle, architecture and objects; below, the land and the bones  buried in 
it.This universe of colors was proposed to be used in the architectural, museographic and 
graphic design projects. 
The architectural project offers a journey through the history of the place, starting with 
prehistory, in a showroom of bones found 13 meters deep and ending with recent history, 
in the ex-patrimonial  house. The architects used the colors to create the atmospheres they 
needed in their showrooms. The graphic design team created their own color palettes from 
the color universe for brand design, paperwork and merchandising. 
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Figure 2: Color universe created from the colours from landscape, architecture, soil and 
museum pieces, ordered in a vertical way (Elisa Cordero, 2013). 
 
 

 
Figure 3: The Graphic Design uses colors from the color universe. Here, the logo and its 
possibilities (Eréndira Martínez, 2013). 

3. THE SECOND PROJECT: THE CHAMANTO CENTER 
The second project is related to the work of the famous “chamanto” poncho weavers, 
beautiful  high-quality woven pieces that received the Award for Excellence issued by 
Unesco in 2011. These master pieces are woven in the small village of Doñihue, of 15,000 
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people. Only women are authorized to do it, and the weaving technique is inherited from 
generation to generation in secret. The fabrication of one piece can take 6 months of lonely 
work, and they can be sold for around 5.000 dollars. The pieces are bought by country men 
who participate in a typical Chilean sport called “rodeo”, where two men in horses must 
stop a young cow on a certain point inside a round corral. Many of these men are rich 
landowners, and the chamanto-poncho is an elegant and expensive dressing piece that 
displays their economic status and masculinity. 
 
3.1 Methodology 
 
This project focused on the colors of the threads used by weavers, and the colors of the 
landscape of Doñihue village. The colors of the ancient chamantos were studied in the 
"Museo del chamanto", some of which are up to 100 years old. 

For current chamantos, the village weavers of Doñihue were sampled. The first step to 
approach the world of the weavers was to coordinate interviews to find out, for example, 
what meaning was given to the colors, which are the most common ones and how they 
decide the colors of each piece. Photos of the chamantos were taken as well as color 
samples and color surveys of the threads, parallel to the observation of the landscape, 
architecture and objects, studied through photos, sketches and color surveying. 

 

 
Figure 4: Color Survey with NCS of a Chamanto (Elisa Cordero, 2013). 

 
3.2 Results 
 
The investigation showed that the designs are closely linked to country life, for they mostly 
represent flowers, fruits and animals. These elements were the basis for sorting colors in a 
geographical way (with the 4 cardinal directions) in this way: North, warm light: Yellow. 
South, cool light: Blue. East, rising sun: White. West, night: Black. In the center, the 
central valley of Chile, with its green fields and lands, split by the bright crimson of wine. 
From this scheme, the colors of the exterior are arranged within the project. Outside, each 
of the four corners of the architectural project dons one of the colors of the cardinal 
directions. Each room in the interior will also take on the color of each direction depending 
on its orientation.  
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Figure 5: Color universe created on the colors of the threads and the landscape of Doñihue 

village, ordered in a geographical way (Elisa Cordero, 2013). 
 
 

 
Figure 5: The architecture Project used the color universe for the fassade (Institute of 

Architecture Archiv, 2013). 
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Architecture Archiv, 2013). 
 

 

	  

 
 
The graphic design team created their own color palettes from the color universe for brand 
design, paperwork and merchandising. 

  
Figure 6: Some examples of the use of the color universo on graphic pieces (Eréndira 

Martínez, 2013). 

4. CONCLUSIONS 

The assignment of the management team to create a color palette for the entire 
interpretation centers project was a challenge, because it was not only to create a useful 
palette, but to create an order that made sense to the project itself. This was achieved in 
both cases thanks to a deep study of the place where the project was to be deployed, which 
included space, landscape and social aspects (through interviews). The universe of colors 
is the temporal, spatial and social expression of a (current or past) historical moment, 
expressed through the language of colors. Because of these characteristics, is inextricably 
linked to the architectural project and other projects (graphic design, museology, 
landscaping) that make up the overall project. 

Address: Prof. Elisa CORDERO, Institute of Architecture and Urbanism, 
University Austral of Chile, Faculty of Architecture and Arts,  

Elena Haverbeck s/n, Isla Teja, Valdivia, CHILE. 
E-mails: elisacordero@uach.cl, eremartinez@gmail.com, 
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ABSTRACT 
In her AIC 2009 paper the author demonstrated how important the cultural and historical 
context of colour order systems is for understanding them. This is especially the case for 
the colour order system of pastor, astronomer, mathematician, natural philosopher and 
astrologer Sigfrid(us) Aron(us) Forsius (ca. 1550–1624) that is illustrated by two diagrams 
in his Physics, or a Description of the Qualities and Properties of Natural Things of 1611. 
As the manuscript remained in the Archives of the Royal Library of Stockholm 
unpublished for more than 330 years until Johan Nordström published the transcription of 
the handwritten text in 1952, serious and critical debate of his work, and thus of his colour 
order diagrams, as well as its impact and acknowledgement previous to 1952 is non-
existent. On the basis of printed evidence of his time, the author showed that Forsius’ 
second diagram could perfectly be interpreted as a sphere, contradicting Kuehni and 
Schwarz’s thesis (Colour Ordered, 2008) of a “linear” system. The present paper rejects 
Werner Spillmann’s thesis (2001) that the colour order of Forsius’ second diagram is 
incompatible with a sphere. The author bases her hypothesis on her own observations of 
the armillary sphere at the Globe Museum of the Austrian National Library in Vienna 
which show that Forsius’ second scheme can be interpreted as a colour sphere. Hence, 
Forsius introduced a spherical colour system long before Otto Runge’s Farben-Kugel 
(Colour Sphere) of 1810. These observations will be demonstrated with pictorial evidence. 
Further, Forsius’ diagrams are considered in the context of contemporary colour theories 
such as those of François d’Aguilon (1566-1617), Athanasius Kircher (1602–1680) and 
Robert Fludd (1574–1637). 

1. INTRODUCTION 

1.1 Description of Forsius’ colour diagram 
First I’d like to describe Sigfrid(us) Aron(us) Forsius’ second diagram in the possibly most 
neutral way. Figure 1 shows a geometrical form representing a circle. Within the circle, a 
straight vertical line is connecting two points of its cicumference as a diameter. Two 
curved lines either side of this vertical line connect the same two points on the top and the 
bottom. Small circles are set outside the circumference on the top and at the bottom. The 
one at the bottom is filled in with ink, and thus appears black. Five horizontal lines run 
across the circular form. The largest runs perpendicularly through the midpoint of the 
vertical line, thus through the center of the circle. Two horizontal lines further cut the 
upper semicircle in equidistant sections. Two other runs through the lower semicircle in the 
same way.  
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Handwritten colour names appear horizontally in the figure, with the exception of the four 
names (from left to right) ‘red’, ‘yellow’, ‘green’ and ‘blue’ that are midway between the 
top and the bottom, and going the length of both sides of the circumference and also the 
two curved lines. Further two colour names on the top left are written going along the 
interior side of the circumference. 

 
Figure 1: Sigfrid Aron Forsius: Second colour order diagram, manuscript folio 421v of 

1611. 

1.2 Forsius’ manuscript 

Forsius’ drawing elucidates visually how colours organize in a geometrical form according 
to his philosophical ideas. It sounds amazing, but Forsius’ diagramme seems to be one of 
the earliest showing visual evidence of the relationship between colours. The drawing 
appears in Book 9, Chapter VII entitled ‘On vision’ (Kiiskinen 2007: 355) of his 
manuscript on Physics, or a Description of the Qualities and Properties of Natural Things 
completed in 1611. The nine books on physics deal with principles of nature and are 
written in the grand tradition of Aristotle. Colour is discussed in the last chapter, which 
deals with the senses and is specifically related to the sense of sight or vision. 

Forsius himself mentioned his manuscript for the first time in a dedication to his 1610 
astrological prediction, dated August 1, 1609, and completed it in Stockholm in 1611. It 
was the first text on the topic written in Old Swedish and included 485r folio pages. After 
his death two attempts to publish it in 1626 and 1652 failed. Forsius’ manuscript remained 
thus in the Archives of the Royal Library of Stockholm unpublished until Johan Nordström 
published the transcription of the handwritten text in 1952.  

2. INTERPRETATION OF GEOMETRICAL FIGURE 

2.1 On different interpretations since 1952 

Concerning Forsius’ scheme there is no agreement among scholars, whether the scheme is 
meant to be a linear system, or rather a sphere. Some researchers adhere to a three-
dimensional interpretation (Feller and Stenius 1970), seen as a “World of Colours” 
(Hesselgren 1984: 220), however, the latter points at “some difficulty in making the 
perspective drawing of the sphere.” This same argument will be taken up later (Kuehni 
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2003: 34–36) and Forsius’ scheme will be put forward as a ‘linear system’ because of two 
reasons: “First, how to properly draw a transparent sphere was well known in the 
seventeenth century from several earlier books on perspective and geometry. Second, the 
text does not indicate that Forsius had a three-dimensional arrangement in mind.” (Kuehni 
and Schwarz 2008: 45–46) More recently, Jones argues that “This model, if interpreted as 
three-dimensional, is surprisingly modern, (1) in its recognition of four primary hues and 
their complementarity, (2) in its use of the white-grey-black scale as a second parameter, 
and (3) in the introduction of a third dimension in which all the other colours fade to a 
central grey”. Based on former articles (Spillmann 1993; Kuehni and Schwarz 2008), 
however, Jones concludes that “the weight of opinion now seems to favour a two-
dimensional interpretation” (Jones 2013: 179). 

2.2 Forsius’ background 

Forsius was a pastor, astronomer, mathematician, natural philosopher. When he began to 
write his 1611 manuscript, he was a professor of astronomy at the University of Uppsala 
(Sweden), where he lectured not only astronomy, but also geography and astrology (which 
also included meteorology and weather forecasts). It is important to note that in 1607 he 
was the first to publish an almanac calculating astronomical data of star positions at the 
local horizon for Stockholm and Åbo (Turku, in Finnish). In 1612, Forsius was appointed 
Royal Astronomer (Astronomus Regius) by King Gustav II Adolf, and in 1613 he was 
given the exclusive privilege of editing and printing almanacs. Forsius was a scientist of 
great knowledge, particularly in mathematics, and was called Sweden’s first astronomer 
(Schindler 2009). This is especially significant contextually and historically for the 
interpretation of Forsius’s scheme. 

2.3 Armillary sphere 

The author claims thus that such an armillary sphere was the basis of Forsius colour 
diagram. The armillary sphere is a device to determine celestial positions and demonstrate 
the motion of the stars around the Earth. Its name comes from the Latin armilla, since its 
skeleton is made of graduated metal circles linking the poles and representing the equator, 
the ecliptic, meridians and parallels. In Forsius’ times, a ball representing the Earth (and 
later, the Sun) is placed in its center. Before the telescope was introduced in the 17th 
century, the armillary sphere was the prime instrument of all astronomers. In sum, a sphera 
mundi (armillary sphere) was the model and not a mappa mundi (globe) as in Philipp Otto 
Runge’s Farben-Kugel of 1810 (Spillmann 2009: 40; Runge 1999). 

2.4 A matter of perspective 

Being an astronomer implies specific ways of drawing such an armillary sphere that can 
deffer from those of a painter. Circles can become straight lines depending of the point of 
view. Albrecht Dürer’s Nude Woman with Zodiac is just one illustration of the fact that an 
armillary sphere could be composed of straight lines representing imaginary circles. As 
well, the symbol of the Portuguese Empire of the time gives much insight. 
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3. COLOUR ORDER 

Some scholars base their arguments on the widely spread Aristotelian philosophy of the 
Middle Ages based on the four-colour theory (Parkhurst and Feller 1982: 226). The same 
authors also point at Alberti’s six primary colours as the ancestor of Forsius’ scheme. John 
Gage, however, notes a lack of coherence in the organization of colours, e.g., orange is 
located between yellow and black, and not between red and yellow (Gage 1997: 166). 
Another argument is put forward concerning the order of the four main colours. “A 
powerful argument against reading the Forsius diagram as a sphere has been put forward 
by Werner Spillmann. If the central horizontal line is to be read as a circle seen from the 
side, the colours are not in the right order.” (Green-Armytage 2005: 349–351; Spillmann 
2001) 

The author bases her hypothesis on her own observations of the armillary sphere at the 
Globe Museum of the Austrian National Library in Vienna, which show that Forsius’ 
scheme could be interpreted as a colour sphere. Looking from a specific angle, the colour 
order is changed in such a way that the order of the colours will constitute a hue circle 
corresponding to that of the NCS-System, flipped horizontally. 

 
Figure 2: NCS double cone from the navigator, flipped horizontally.                                      

© http://www.ncscolour.com/en/natural-colour-system/ 
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ABSTRACT 

This research gives an overview of Chinese traditional colour, and intends to 
investigate the characteristics and the principles of the Five Colours in a Chinese 
cultural context. This study may inspire the designers in contemporary graphic design 
field. 

    The Five Colours are the earliest and basic colours that recorded in Chinese history. 
It first appeared in the book Shu Ki (before 221 A.D.). ‘Fully displayed in the Five 
Colours, so as to form the ceremonial robes; - it is yours to see them clearly’ 
(translated by Legge. 1879). These representative samples can reflect the common 
characteristics of traditional colour usage. Therefore, this research focuses on the Five 
Colours, which are Red, Cyan, Yellow, Black and White.  

    The research context unites three independent and related fields of study: ontology 
of the Five Colours, colour theory, and the Five Colours in relation to the Five 
Elements: Red-Fire; Cyan-Wood; Yellow-Earth; Black-Water; and White-Metal. 

The methodology includes: a literature review, quantitative data collection, 
correlation analysis, visual research  and a case study. 

The research shows that the original meaning of Five Colours derives from certain 
natural scenes that specifically refer to some substances, for example, the original 
meaning of black is refer to mark on a man’s face. However, the colour names can 
become abstract nouns when they develop as the metaphors that refer to the different 
ideas. For instance, the extensional meaning corresponds to the Five Elements. The 
symbolisation of the Five Colours also extends the contents to associate with other 
concepts and sensations.  

In addition, from the comparison with different colour system, the colours are not 
primary colours in modern chromatics classification. Instead the Five colours are 
close to the natural colour hue and the colour combination reflects the tones, which 
profoundly influences the Chinese traditional aesthetics. 

In conclusion, colour can be discussed as a concept rather than just a visual 
element in the Chinese traditional cultural context. The philosophical ‘balanced’ 
thinking of the Five Elements applies the premier principle to the colour applications. 
Consequently, the concept of ‘harmony’ develops as the fundamental theory of 
Chinese traditional aesthetics. 

1. INTRODUCTION 

When I reviewed the traditional Chinese colours, which gives more imagination and 
evocation just by the colour names. For example, one of the colour called Xiangsi Hui 
(Warm Grey), which direct translated meaning is the grey of lovesickness. And the 
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subtleness of shades appears in traditional paintings and crafts are always appealing. 
Is there any principle of the colour application? To which extent graphic designer are 
using the five Chinese traditional colours and their meanings?  

In the current graphic design research context, this subject has yet to be studied 
systematically. This research therefore complements the existent explorations of 
archaeology and social culture. Further, it may add or widen the horizon of historical 
and contemporary understandings of colour. 

2. METHOD 

The methods combine primary and secondary data collections. By using a systematic 
methodology, the original meanings and development of the Five Colours were 
examined from different aspects: etymology and chromatic. Attempt to restore and 
synthesise the concept of the Five Colours. The evidence potentially enables the 
answer of initial research question, which is there any principle of the colour 
application.  

2.1 Sample Preparation 
The study first focuses on the etymology of Five Colours from the Oracle (Xu Zhong 
Yu, 2006) (Fig. 1), which was the earliest hieroglyph, we see the description of the 
original story and the primary meanings attributed of the Five Colours. The diagram 
has been further extended with the definitions of the word class in linguistic. 

 

Oracle Chinese 
Name 

English               
Name 

Word Class Original Meaning 

 
黄 Yellow Abstract Noun, 

Adjective The bulleye of target with mud 

 
赤 Red Abstract Noun, 

Adjective A man dancing on the fire 

 
青 Cyan Abstract Noun, 

Adjective The ore from coal mining 

 
黑 Black Abstract Noun, 

Adjective A mark or stain on man’s face 

 
白 White Abstract Noun, 

Adjective Air from the mouth 

Figure 1: Naming of Five Colours 

On the other hand, by using the principle of the Five Elements, which is the 
foundation of Chinese philosophy, to determine the Five Colours. The Five Elements: 
Metal, Wood, Water, Fire and Earth, are the summary of nature that known as a 
cyclical transforming system, which based on generating and overcoming, and reveal 
the law of the universe. According to the principle of association with the colours, it 
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demonstrates a series of chromatography that incurs the relationship of harmony and 
contrast colour presentations (Fig. 2). 

 
Figure 2: Phases of Five Colours 

As there is a tight cultural connection between China and Japan since ancient 
times. A well-documented Japanese traditional colour profile is a good case study of 
establishing a modus of naming, the classifying and determining any unique 
characteristics, as well as the way of research. The case study has selected 372 
colours from Japanese traditional colours as the research samples, whereby each 
refers to a Chinese traditional colour.  

2.2 Experimental Procedure 

There are four main types of colour systems: RYB, RGB, CMYK and NCS, which 
contain both additive and deductive methods of colour mixing. The comparison of the 
samples reveals that the difference between Chinese traditional colour and other 
colour system in hue, value, and chroma by using Munsell colour theory (Fig. 3). The 
precise analysis visually demonstrates and determines the constitution and attribute of 
the Five Colours in chromatics. The five colours are not the primary colour and the 
tone is close to the natural colour classification.  

  
Figure 3: Colour Comparison Table 

According to the book The Yellow Emperor's Inner Classic (478 B.C.) the Five 
Colours represent the Five Elements and many other concepts (Fig. 4). Based on 
principle, a quasi-experimental test is designed to see, whether people can associate 
the colours with the associated ideas according to ancient theory.   
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On the other hand, by using the principle of the Five Elements, which is the 
foundation of Chinese philosophy, to determine the Five Colours. The Five Elements: 
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Five 
Colours 

Five 
Elements 

Five 
Directions 

Five 
Seasons 

Five 
Tastes 

Five 
Senses 

Five 
Emotions 

Cyan Wood East Spring Sour Sight Anger 

Red Fire South Summer Bitter Touch Happiness 

White Metal West Autumn Spicy Taste Worry 

Black Water North Winter Salt Hearing Fear 

Yellow Earth Central Seasons Sweet Smell Sadness 

Figure 4: Association of Five Colours 

3. RESULTS AND DISCUSSION    

Through the oracle description it shows that the Five Colours original meaning 
derives from the live scene (Fig.1), which reflects that colour is the most expressive 
feature of the memory from the image. In this sense, imagery colour is a narrative 
form of visualisation.  

     Moreover, the Five Colours correspond to the Five Elements and other concepts in 
Chinese cultural context. The colour symbolism is to visualise the abstract concepts 
and ideas. The balanced and harmony principle of the Five Elements influences the 
usage of the Five Colours.  
     From the comparison of other colour system, there is no explicit evidence state that 
the Five Colours are the primary colours in modern chromatics. NCS colour has the 
most similar hue to the Five Colours. These ‘natural’ tones were considered as the 
basic colours in ancient Chinese pigment.  
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Figure 5: Chinese traditional colour mapping 

The mapping (Fig.5) shows the variation of the colour status in different stages. 
The earliest recognition based on the impression of a particular scene. This feature of 
memory was combined with psychological factors and extends the connotation 
meanings. The colour abstraction developed as a metaphor to refer to many other 
concepts when associated with certain cultural contexts. Eventually the colour 
symbolism allows the evocation of the imagination by individual experiences. 

Additionally, the quasi-experiment test was invited 36 audiences from different 
countries, the result shows that most of the audience failed in the test to associate the 
Five Colours with other concepts according to the ancient rules. There is no direct 
map to today’s world in the colour matching. Once set free from a given cultural 
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background, any interpretation will have a deviation according to the newly changed 
circumstances.  

The limitations of the result, such as, language is inadequate in description of the 
colours, even it is a concrete noun, and the audience still has individual interpretation. 
One colour name may suggest a range of tones. I selected 327 samples to study the 
Japanese traditional colours, it shows that Japanese people uses more of the concrete 
nouns as colour names. In most of the cases, the colour naming denotes something in 
particular. Unlike Chinese tradition, the way that Japanese people divides colour into 
specific categories that avoid the distinction of colour as much as possible. 

4. CONCLUSIONS 

According to this paper, it shows that the cognitive bias of the colours derives from 
the process of abstract naming. There is no accurate term or parameter to quantify 
volume of colours. As colour can evoke different imaginings from different 
experiences, in this sense the way of interpreting colours is similar to that of 
interpreting images.  

    The ancient Chinese attributed a naturalistic manifestation to the colours. The 
Five Colours are therefore highly associated with the natural elements (Five 
Elements) and constituted an inner cyclical system, which generates and overcomes in 
the relationships of influencing each other. Furthermore, this belief that the nature law 
affected the moral, social and philosophical idea of Chinese traditional colour (Fig.6 , 
Fig.7).  

 

                           
      Figure 6:  Mogao Caves Painting            Figure 7: China Five Coloured Flag 

              （ Cave 285, Wei Dynasty)                                   ( 1921-1928）  

Central to the research question, in order to decode the colour, it is imperative to 
understand the significance of a particular cultural dimension. Traditional Chinese 
colour which is combined with other disciplines and cultural contents,  negates the 
metaphor for the fixed cultural meanings. The ‘balanced’ thinking in philosophy of 
the Five Elements applies the premier principle to colour applications. Hence, the 
concept of ‘harmony’ was developed as the fundamental theory in Chinese traditional 
aesthetics. 

Through the study of Chinese traditional colour, the enlightenment to the designers 
is that the colour has power of symbolism with its abstract form. The meaning of form 
refers to narratives, cultural contexts, and philosophical concept and so on. Therefore, 
colour is not only can be seen as a visual element but a symbolic image to visualise 
the abstract concepts or synesthesia other feelings. It implies that a good designer 
should be also a colourist who deeply understands the colour as a visual tool.  
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The mapping (Fig.5) shows the variation of the colour status in different stages. 
The earliest recognition based on the impression of a particular scene. This feature of 
memory was combined with psychological factors and extends the connotation 
meanings. The colour abstraction developed as a metaphor to refer to many other 
concepts when associated with certain cultural contexts. Eventually the colour 
symbolism allows the evocation of the imagination by individual experiences. 

Additionally, the quasi-experiment test was invited 36 audiences from different 
countries, the result shows that most of the audience failed in the test to associate the 
Five Colours with other concepts according to the ancient rules. There is no direct 
map to today’s world in the colour matching. Once set free from a given cultural 
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ABSTRACT
 recent e ate in t e or egian re  an  in art rai e   t e a t or  t ro g  t e e i ition 

o o r in t e it  ron eim  oint  to a ramatic c ange in t e co o r a et e  ot  in t e 
re ainting o  e i ting i ing  an  a  a ominant ten enc  in recent arc itect re  i  i  e em ifie  
in a tantia  i t to ar  an ac romatic a et  ot n  t e ma or ro i er o  aint in or a  a  
note  t at  o  t e e terior aint o  in recent ear  a  een ite  gre  ro n or ac  i  
i  co nter to a ong tra ition o  c romatic ariation in ot  ernac ar an  t  an  t  cent r  
architecture.

Colour and materiality play an essential role in shaping our perception of place and identity. 
o o r i  in ormation  it te   a o t i tor  a o t tat  a o t territorie  an  nction  Pre io  
i tinct i torica  c romatic neig o r oo  are eing ero e  an  ne  ro ert  e e o ment  
i t it o t an  c romatic c aracter or i erentiation  rea c aracter a  i tinct arc itect ra  t e  

an  c romatic a itie  i  an im ortant contri tion to t e i entit  an  i erentiation in t e r an 
en ironment  it ro i e  ot  a mean  o  i entification  na igationa  a or ance  an  a generator o  
ae t etic atmo ere  in t e arc itect ra  ge ta t  P ace i  more t an a treet n m er  it i  an en em e 
o  a itie  an  re ation i  t at ma e meaning  materia it  an  co o r are a e  com onent in t i  
roce  e co e o  t i  a er i  e an ana i  o  t e ri er  o  t i  roce  rom e e o er to t e 

architect to the consumer with the intention of developing a colour program methodology that meets 
t e re re  o  increa ing r an en ification

Mee ing Ne  C allenge  in Colo r Tendencie  in 
Nor a  

ine  an Alex ,
Department of Architectural Design, Form and Colour, Faculty of Architecture and Fine 

Art, Norwegian University of Science and Technology (NTNU) 

A STRACT 

 recent e ate in t e or egian re  an  in art rai e   t e a t or  t ro g  t e 
e i ition o o r in t e it  in ron eim  oint  to a ramatic c ange in t e co o r 
a et e  ot  in t e re ainting o  e i ting i ing  an  a  a ominant ten enc  in recent 

arc itect re  i  i  e em i ie  in a tantia  i t to ar  an ac romatic a et  ot n  
t e ma or ro i er o  aint in or a  a  note  t at  o  t e e terior aint o  in 
recent ear  a  een ite  gre  ro n or ac  i  i  co nter to a ong tra ition o  
c romatic ariation in ot  ernac ar an  th and 20th century architecture. Colour and 
materiality play an essential role in shaping our place and identity. Colour is information, it 
te   a o t i tor  a o t tat  a o t territorie  an  nction  Pre io  i tinct 
c romatic neig or oo  are eing ero e  an  ne  ro ert  e e o ment  i  it o t 
any chromatic character or differentiation. Area character as distinct architectural styles and 
c romatic a itie  i  an im ortant contri tion to t e i entit  an  i erentiation in t e 
r an en ironment  it ro i e  ot  a mean  o  i enti ication  na igation a or ance an  

generator of aesthetic atmospheres in the architectural gestalt. Place is more than a street 
n m er  it i  an en em e o  a itie  an  re ation i  t at ma e meaning  materia it  an  
co o r are t e e  com onent in t i  roce  e co e o  t i  a er i  e an ana i  o  
the drivers of this process from developer to the architect to the consumer with the 
intention of developing a colour program methodology that meets the pressures of 
increa ing r an en i ication  

Figure 1: The Waterfront Warehouses in Trondheim and neighboring area. 

1. INTRODUCTION 

The city of Trondheim dates ac  o er a thousand years, and the contempory i ing ma  
contain  a  t e arietie  o  arc itect ra  t e  i e  an  materia  t the image of 
Trondheim and its main identity is foremost associated with the remaining clusters of older 
wooden and plaster rendered i ings painted with pictorial colours in easily apprehended 
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re ation i  et een e  an  n ance   o  to a  t i  i  on  a ma  e ement in t e 
city’s overall chromatic and material gestalt. 

Colours in architectural context are the contextual result of the past and the present. 
rc itect ra  co o r  are etermine   aria e  o  geogra  c  a  c t re  tra ition  
m o ic meaning an  oca  re o rce  t er  time re ate  aria e  are re erence  or a 

colour at a given period in history, the socio-political context and new technological 
a ance  n ort  t e interaction  o  t e e aria e  a e re te  in a re ent co o r 
c eme o  ot  go erne  reg ation  an  ngo erne  re erence  an  co o r acce i i it  

However, none o  t e e are er ect  or ermanent  con o i ate  an  a  are ce ti e 
to changes in patterns of use, of ownership and the tendencies of fashion; this last fifteen 
ear  e em i ie   a ri t rom c romatic to a achromatic colour palette. 

Figure 2: The traditional chromatic colour palette of Trondheim is drifting towards 
achromatic colours (right picture is manipulated to show all houses in grayscale).

A methodology is in general a guideline system used in a specific discipline for solving a 
ta  or a ro em  i e  met o  too  tec ni e  r e  an  o t ate  n ro o ing a 
met o o og  or t e cit  o  ron eim it a  t ere or a riorit  to i enti  t e main ta  or 
ro em  in a ition to in ing o t o ma  – and how to - implement them. 

Buildings in Norway are regulated  t o laws: 
1. Cultural Heritage Act: e ct com ri e  i ing  o  conservation interest and 

i ing  it conservation status, e  t an  o  t e i ing  in t e co ntr
2. Planning and Building Act: The Act mainly provi e  a rame or for land use, 
tran ortation anning an  t e r an e e o ment an  com ri e  t e i ing  it o t 
conservation status or interest. 

e re on i i it  an  a t orit  o  i ing reg ation in or a  i  go erne   e ecte  
councils in the Norwegian municipalities, and the methodology and the professional 
expertise involved varies a great deal within each municipality. Buildings with 
conservation status or interest have a well-founded methodology for dealing with 
architectural conservation, go erne   eo e it  an e erti e it in t i  ie  t t ere 
i  a ac  o  an o era  co o r met o o og  e remaining  o  t e i ing  are 
go erne   reg ation  in t e oning an  an  e om includes any regulation of colour.  

ere i  no e i ting arc i e o ing i  t ere a  e er een a co o r met o o og  or t e 
city, and the material that does exist is fragmented and difficult to access. As the majority 
o  t e regi tere  i ing  in ron eim are mo t  in ri ate o ner i  a  re i entia  
o e  or commercia  i ing  an  it  a ac  o  a con i tent co o r met o o og  t e 
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co o r  c o en or t e r an rea m o  ron eim are mo t  etermine   t e com etence 
or fancies of the owners and the property developers. 

n  in co-operation with the Municipality of Trondheim 1, we initiated a pilot 
project for colour registration of a selected area in the city, with the intention of finding the 
contemorary city’s colour pallet to create a ic arc i e an  a re erence or ot  i toric 
colours and a  a a i  or ana e  of current tendencies and future colour methodology.

. MET OD 

The colour registration was restricted to the registration of the nominal2 colours of the 
a a e  i i e to t e ic  inc ing c a ing  o n ation an  mo t igni icant i ing 

components such as doors, window frames and window sashes. However, our perception of 
a a a e co o r i  a ecte   e era  ot er aria e  or e am e rro n ing co o r  an  
te t re an  e regi tere  t e mo t a ic in ormation a o t t e materia  an  te t re  o  t e 
façade surfaces in addition to the colour notations, i.e. if the wooden cladding has vertical 
or ori onta  oar  or i  t e ini  o  t e a ter ren ering  i  ine or ro g  t er 
aria e  t at a ect o  e ercei e a co o r are t genera  e cri e  in t e o era  

userguide in the finished report (light conditions, human visual conditions and other 
aria e  

.1 Colo r Regi ra ion 

The colour reference system chosen for the colour registration was NCS - Natural Color 
S tem an  or egian Stan ar  ince  ac  i ing a  otogra e  an  t e 
façade colours were scanned with a NCS colour scanner and notes down For the roof 
colours and multicoloured façades with an inherent material colour, such as slate tiles, 
ric  or re a ricate  a a e ane  e note  o n t e erce tion o  t e o era  co o r 

im re ion a  one co o r notation toget er it  in ormation a o t t e materia  ro ertie  
The method for finding nominal and perceived colours of façades is well researched and 
oc mente   t e S e i  arc itect an  re earc er arin ri e  nter 2.

Figure 3: Example of picture and colour palette of registered building (Stiftsgården), 
where the NCS notations were found using NCS Index and NCS Color Scan 2. 

                                                
1 ice o  r an P anning in the Municipality of Trondheim.
2 arin ri e  nter an  e S e m r  Färgen på huset.
3  Grete Smedal, The Colours of Longyearbyen - An Ongoing Project.
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A methodology is in general a guideline system used in a specific discipline for solving a 
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2. Planning and Building Act: The Act mainly provi e  a rame or for land use, 
tran ortation anning an  t e r an e e o ment an  com ri e  t e i ing  it o t 
conservation status or interest. 

e re on i i it  an  a t orit  o  i ing reg ation in or a  i  go erne   e ecte  
councils in the Norwegian municipalities, and the methodology and the professional 
expertise involved varies a great deal within each municipality. Buildings with 
conservation status or interest have a well-founded methodology for dealing with 
architectural conservation, go erne   eo e it  an e erti e it in t i  ie  t t ere 
i  a ac  o  an o era  co o r met o o og  e remaining  o  t e i ing  are 
go erne   reg ation  in t e oning an  an  e om includes any regulation of colour.  

ere i  no e i ting arc i e o ing i  t ere a  e er een a co o r met o o og  or t e 
city, and the material that does exist is fragmented and difficult to access. As the majority 
o  t e regi tere  i ing  in ron eim are mo t  in ri ate o ner i  a  re i entia  
o e  or commercia  i ing  an  it  a ac  o  a con i tent co o r met o o og  t e 

237
AIC2015 TOKYO - Color and Image



.  P lic Arc ive 

e materia  regi tere  in t e co o r regi tration in t i  i ot ro ect i  e ma e ic  
acce i e t ro g  t e nici a it  o  ron eim in a   e arc i e i  ro i e 
an i torica  oc ment o  t e co o r a ette o  ron eim a  o  to a  an  e a re erence 
or ot  i torica  com ari on  re ent co o r ractice an  ten encie  an  e  or t re 

ana e  e arc i e can nction ot  a  in iration an  a g i e ine or t e ic in 
c oo ing co o r  or t eir i ing  ro i e in ormation an  no e ge a o t co o r  in 
an arc itect ra  conte t an  gi e e am e  o  tra itiona  i ing artic ation t ro g  t e 
use of colour and its impact on perceived form and volume (for example, see figure 5).

. RESULTS AND DISCUSSION 

The S tem i  common  no n an  e  a  a co o r re erence tem in or a  
t t e tem i  not et a  common  e  a  a too  or co o r ana e  an  a  a e ign 

tool. The method used in the pilot project was adopted from Norwegian interior architect
rete Sme a  e  e ta i e  ractice a  a co o r e igner ot  nationa  an  

internationally 3.

The system was also used as a tool for visual communication of the registered colours to 
show the colour palette of all registered colours in the pilot project. By plotting in the 
registered NCS notations in the NCS triangle (nuance) and NCS circle (hue), we can 
clearely identify the range of hues and nuances significant to the specific area or street, and 
comm nicate to t e ic at co o r  to c oo e rom en re ainting i ing  or 
rogramming ne  i ing  it in t e ame area or treet to stay within the 

contemporarely colour palette (see figure 4).

Figure 4: Left: Colour palette of all colours in the pilot project. Right: Colour palette in 
one street (Kjøpmannsgata). 

However, we can speak of “area character” or “a coherent rhythm of buildings in a street”
at micro an  macro e e  t t e e c aracteri tic  are n er re re rom t e re irement 
or increa e  r an en it  rom ra ica  i t  in arc itect ra  ca e an  ro ortion an  not 

least from the often reflective surfaces of mass-production materials that in many cases 
offer very limited colour choice. These aspects are not discussed in this paper and will need 

rt er re earc  e ore a re e  an  inc e  in t e c rrent ro o a  or a co o r 
methodology. 

not er a ect o  en i ication o  t e r an rea m i  t at man co o r i ion a  e o e  
to ena e to i ting i e  o ect rom ac gro n  e more com e  t e cit  ecome  
there is an even stronger need for colour regulation to ensure a good hierarchy of colours 
and a good visual clarity.  
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. CONCLUSIONS 

Are colours in t e r an rea m o  a ri ate or ic concern  e main e ign i ea  
ing t i  met o o og  i  t at  i enti ing a co o r a ette or a cit   co o r 

regi tration o  t e aca e  o  can gi e t e ic t e c oice o  c oo ing t eir o n co o r  
it in t e i enti ie  co o r a ette  n time  t i  ata ma  e im emente  in t e city’s
oning eg ation  an  the Municipal Development Plan for a stronger effect to gain more 

control over visual clariry and the city’s colour identity in a com e  r an rea m  

e i ea t at co o r o  or co  e contro e  i  anat ema to man  eo e  o 
regard it as one of their few remaining personal freedoms. Nevertheless, colour is 
a rea  contro e  in a igni icant n m er o  a  t at are ta en or grante  
Landowners still control large areas of town and country, and can dictate colour. 

ere in i i a  a e re in i e  contro  go ernment  in tit tion  an  ic 
services have assumed control over civic design at many levels. Part of that control 
extends to colour, which is used in a variety of ways to express identity, impart 
information and in some cases to give warnings. But it is not clear who controls or 
coor inate  t e e ario  e  n rinci e man  o  t e e  can e in i i a  

ti ie  t t e co ecti e e ect i  o ten con e  ere are t o rea on  or t i  t e 
sheer volume of uses, and the difficulties in achieving effective design and colour 
coor ination et een in i i a  an  organi ation  i  i  e ecia  tr e ere t e 
ormer ti  e ie e t at co o r c oice o  e a er ona  matter  ne o tion i  a 

design guide. (Michael Lancaster, Colour in the Urban Context)

 i enti ing t e ta  o  a ro o e  co o r met o o og  to en re a goo  i a  c arit  
an  t e ro em i enti ie  to o ing t e mean  to o o  a ri t to ar  ac romatic 
co o r  e can ro o e a co o r met o o og  to ta e ac  t e city’s image and identity. 
During the last year the discussion of colour in the media has fucused on whether to choose 
c romatic or ac romatic co o r  erea  t e i c ion o  e irected to wich hue or 
n ance to c oo e  an  o  to e t e co o r  in artic ation o  a i ing or t e ic 
realm.

Figure 5: Traditional threefold division of cladding (1), window frame (2) and window 
sash (3). The colour registration showed tendencies for building elements being reduced to 
fewer contrasting colours than originally designed or becoming completely monochrome.

The limitations in the pilot project to a registration of colours only in parts of the city 
center of Trondheim does not give a full picture of the complexity of the city as a whole. 
The center ha  a tronger i ing reg ation e to t e act t at mo t o  t e i ing  o  
concervations interest and regulation are situated in this area. The center also consists of 
more ic i ing  t an t e re t o  t e cit  an  are t ere ore more ea i  reg ate  an  
controlled. t it a  ro i e  a i  or a ro o e  co o r met o o og   re ati e  
im e mean  an  o i i it  or a c ear comm nication to t e ic  

.  P lic Arc ive 

e materia  regi tere  in t e co o r regi tration in t i  i ot ro ect i  e ma e ic  
acce i e t ro g  t e nici a it  o  ron eim in a   e arc i e i  ro i e 
an i torica  oc ment o  t e co o r a ette o  ron eim a  o  to a  an  e a re erence 
or ot  i torica  com ari on  re ent co o r ractice an  ten encie  an  e  or t re 

ana e  e arc i e can nction ot  a  in iration an  a g i e ine or t e ic in 
c oo ing co o r  or t eir i ing  ro i e in ormation an  no e ge a o t co o r  in 
an arc itect ra  conte t an  gi e e am e  o  tra itiona  i ing artic ation t ro g  t e 
use of colour and its impact on perceived form and volume (for example, see figure 5).

. RESULTS AND DISCUSSION 

The S tem i  common  no n an  e  a  a co o r re erence tem in or a  
t t e tem i  not et a  common  e  a  a too  or co o r ana e  an  a  a e ign 

tool. The method used in the pilot project was adopted from Norwegian interior architect
rete Sme a  e  e ta i e  ractice a  a co o r e igner ot  nationa  an  

internationally 3.

The system was also used as a tool for visual communication of the registered colours to 
show the colour palette of all registered colours in the pilot project. By plotting in the 
registered NCS notations in the NCS triangle (nuance) and NCS circle (hue), we can 
clearely identify the range of hues and nuances significant to the specific area or street, and 
comm nicate to t e ic at co o r  to c oo e rom en re ainting i ing  or 
rogramming ne  i ing  it in t e ame area or treet to stay within the 

contemporarely colour palette (see figure 4).

Figure 4: Left: Colour palette of all colours in the pilot project. Right: Colour palette in 
one street (Kjøpmannsgata). 

However, we can speak of “area character” or “a coherent rhythm of buildings in a street”
at micro an  macro e e  t t e e c aracteri tic  are n er re re rom t e re irement 
or increa e  r an en it  rom ra ica  i t  in arc itect ra  ca e an  ro ortion an  not 

least from the often reflective surfaces of mass-production materials that in many cases 
offer very limited colour choice. These aspects are not discussed in this paper and will need 

rt er re earc  e ore a re e  an  inc e  in t e c rrent ro o a  or a co o r 
methodology. 

not er a ect o  en i ication o  t e r an rea m i  t at man co o r i ion a  e o e  
to ena e to i ting i e  o ect rom ac gro n  e more com e  t e cit  ecome  
there is an even stronger need for colour regulation to ensure a good hierarchy of colours 
and a good visual clarity.  
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e ne t  intere ting o i i it  t e co o r regi tration gi e  a a i  or i  e to ta e 
t e ana e  rt er an  inc e arc itect ra  t e  ne  c a ing materia  an  i ing 
o me  or e am e  i  a oo en i ing tan  ne t to a mo ern con tr ction ma e o  

concrete an  g a  at o  e a goo  e an or n ance com ination to enric  ot  
i ing  
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The Image of the Color Red in Letters:
A Study Based on the Historical Backgrounds of Russia

and Japan
Sa a S

ra ate Sc oo  o  etter  an ai ni er it

ABSTRACT
o or a  een an im ortant to ic or t o an  o  ear  n t i  re entation  i  oc  on t e 

cultural meanings of colors, especially the use of the color red in letters. The purpose of the survey is 
to i co er t e i erence  in oint o  ie  a o t co or et een ia an  a an an  to e amine t e 
tra itiona  meaning  o  re  in t e t o co ntrie  e e  oint  co ere  are t e i torica  ignificance 
t at eo e a e attri te  to t i  co or t ro g  t e age  e ore mo ern time  an  t e magica  e o  
letters from antiquity. Use of the color red was prevalent all over the world. The red pigments were 

e  or ainting  on a  in ca e  or gra e  an  in man  ot er a  t i  o io  t at eo e a  
a common perception of this color. But history also gives cultural meanings to colors. How they were 

m o i e  in t e a t an  ome i torica  image  o  co or  ti  in ence t e image o  t e co or re  
to a  or e am e  no a a  in ia  riting in re  etter  or ce e ration  i  er  common  e  i  
a ociate  it  a  occa ion  an  i  con i ere  t e co or o  trengt  an  o  i e orce  n contra t  
in a an t i  co or can a e o iti e meaning  t ometime  it i  t e co or o  egare  a tra itiona  
conce t o  efi ement  t i  ta oo to e t e co or re  or etter  in a an  n t i  re entation   i  
consider these different interpretations of the color red. There are cultural studies that focus on the 

i tor  o  co or   Pa to rea   o i   to et a   t ere  i  em a i e t e 
e o  co or  in etter  ic  are im e  it  a magica  a it  i  t  i  re ate  not on  to o r 

i e t e  to a  t to t e c t ra  i tor  o  eti ette an  manner  in ia an  a an
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S R C  
Color has been an important topic for thousands of years. In this research I will focus on 
the use of the color red in letters. The purpose of the survey is to discover the differences 
in point of view about color between Russia and apan and to examine the traditional 
meanings of red in the two countries. The key points covered are the historical significance 
that people have attributed to this color. se of the color red is prevalent all over the 
world. Red pigments were used for paintings on walls in caves, for graves, and in many 
other ways. It is obvious that people have a common perception of this color. But history 
also gives cultural meanings to colors. ow they were symbolized in the past and some 
historical images of colors still influence the image of the color red today. For example, in 
Russia, red letters for celebrations are common. Red is associated with happy occasions, 
and is considered the color of strength and of life force. In contrast, in apan this color can 
have positive meanings, but sometimes it is the color of kegare, a traditional concept of 
defilement. It is taboo to use the color red for letters in apan. In this study, I will consider 
these different interpretations of the color red. This study is related not only to our 
lifestyles today, but to the cultural history of etiquette and manners in Russia and apan. 

. IN RO UC ION 
In apan, writing letters or names in red is taboo. sing red letters is considered 
inauspicious. The following sentence about the appropriate color of ink was found in a 
book of manners. 

When you write letter of appreciation it is good manners to use black or blue ink 
(blue black which is almost black). A highlighter or pastel color ink is not suitable. 
Do not use red because it is the color of demand note or a letter of break off 
relations. se dark black for celebration and light black for invitations or letter of 
appreciation (Tetsuo 2011: 22). 

By searching on the internet with the keywords “write letter with red ink” in apanese, 
we also can find many writings saying that it is good manners to not use red ink on letters 
or cards that you give to people. The reason, why people say to avoid this color were 
various. Mainly I could divide them into four categories.  

1. On graves that are purchased while alive, the name of alive person is written in red. 

2. apanese warriors used red on a challenge. 

3. istorically they would write the prisoner s name in red. 

4.  The rumor is that, if you write someone s name in red, his life will be shortened. 
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In all these reasons we can see inauspicious meanings of red letters. On the contrary, in 
Russia, those taboos are not seen. Moreover, red letters are frequently used in relation 
with celebrations. One example is red letters on celebration cards. In this survey, I 
compared frequency of using red letters on Russian and apanese postcards related to 
celebrations. To measure the color red, I used the color cards “新配色カード199a”. 
These cards are based on Practical Color Co-ordinate System which defines 2: R for red 
and 3: yR for yellowish red. The color numbers used are v2, v3 and dp2 for old cards 
(COLOR ENTERPRISE CO., LTD). 

. E O  
At first, printed letters on birthday cards were compared. On Russian web site selling post 
cards ( “ ”), 63  of  48 cards had messages in red. On apanese web site 
selling postcards (TOKY  ANDS INC), it was 12  of  221(9  was in English). 
Secondly, I searched New Year cards. On Russian web site ( “ ”), 49  of  
101 cards had messages in red. On apanese web site (年賀.ORG.), it was 18  of 230 
cards. Then, I observed the usage of red printed letters in the past( 19th and 20th centuries). 

ere, 19  of 880 Russian New Year Cards (Retropost. Ru.), 6  of  401 apanese New 
Year cards (Ideafactory Corporation), had red letters. It is observed that Russian post cards 
have more red letters than apanese. Also, on apanese post cards a tendency was found, to 
use very limited quantity of red for letters. For instance, one phrase representing 
celebration and red for seals (name seals are not included in this research). On the other 
hand, in Russia, especially on current cards, not only is the main phrase but also (on many 
cards) long messages and wishes were printed in red. In addition, all hand written postcard 
that seems to written only with red ink, could found on the Russian web site which 
collecting old post cards for Easter (   ). For these reasons, it is possible to 
say that Russian people have different point of view for using the color red for letters. 

. RESUL S N  ISCUSSION 
As red and blood is one of the highest association in many different countries including 
Russia and apan, discussion will be focused on the image of blood in the two countries. 
Religions are very important factor considering this matter. In apan, a traditional concept 
of defilement, kegare, existed. Tadao Kobayashi states that apanese red color had two 
sides, positive and negative. On one hand, it was a color which had magical power, it could 
chase bad spirits away. Also it was used in festivals as a color of celebration. But, on the 
negative side, it was a minor, taboo color especially when it associated with kegare of  
blood. Blood from woman s childbirth and menstruation was called “akafujyo” (赤不浄) 
which means “red uncleanliness” (Kobayashi 2002). The apanese folk customs dictionary 
“Nihon minzoku daijiten” also has an explanation of blood and akafujyo. In addition, the 
dictionary shows examples of customs related to this thought like “Nagare-kanjyo ” (流れ

灌頂) and “Ketsubonkyo” (血盆経). The first one is a custom of  purify the soul of woman 
who died while giving childbirth. The red material was put on the riverside, and passengers 
sprinkled water on it. When the red color dissapeared, it was thought that the dead woman 
could rest in peace. “Ketsubonkyo” is blood pool sutra. It is said that this beliefe came from 
China. It says that the blood that woman sheds on giving birth and menstruation could 
cause defilement for other people which gets her into blood pool  after her death ( ayashi 
1999). Noboru Miyata indicates the relations beteween kegare of blood and historical 
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prohibition of eating meat. Also he clames that Buddhist “nonkilling” ethics is also an 
important factor. Furthermore, in Edo period, with growth of wet-rice farming, horses and 
cows became an indespensible labor saving device that discouraged people from eating 
them (Miyata 1996). From these reasons we can guess the gradual development of 
avoiding blood in apan. In the Russian Orthodox religion, as in Western Europe, the color 
red associated with the Passion of Christ and is shed blood. On  Easter, this color  is used 
on Easter eggs and vestments. Perhaps it was the reason of using red letters on postcards 
related to Easter in Russia. Also, compare to apan, Russia has a different history on 
relations with animals. People historically had various meats for eating and used the 
animals fur. Russia was known as one of the biggest fur trading countries since the 
medieval period. Fur was nesesarry to protect people from the cold climate, and it was an 
important property for country (Nishimura 2003). These historical backgrounds should 
have made the image of blood in Russia different from it in apan.Of  course, it does not 
mean that taboos related to blood do not existed in Russia. On this point, research will be 
continued. 

4. CONCLUSIONS 
In this study, it is observed that in Russian post cards related to celebrations, red letters 
were used more frequently than those in apan. These differences are caused by various 
reasons including the ink problem and history of using color in writing. ere, I picked up 
the historical image of  blood that is thought to be related to the color red in letters. As a 
conclusion, it seems that not only religion, but also the differences of life styles are 
involved. In future work, more data samples  related to red letters will be collected. 
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In all these reasons we can see inauspicious meanings of red letters. On the contrary, in 
Russia, those taboos are not seen. Moreover, red letters are frequently used in relation 
with celebrations. One example is red letters on celebration cards. In this survey, I 
compared frequency of using red letters on Russian and apanese postcards related to 
celebrations. To measure the color red, I used the color cards “新配色カード199a”. 
These cards are based on Practical Color Co-ordinate System which defines 2: R for red 
and 3: yR for yellowish red. The color numbers used are v2, v3 and dp2 for old cards 
(COLOR ENTERPRISE CO., LTD). 

. E O  
At first, printed letters on birthday cards were compared. On Russian web site selling post 
cards ( “ ”), 63  of  48 cards had messages in red. On apanese web site 
selling postcards (TOKY  ANDS INC), it was 12  of  221(9  was in English). 
Secondly, I searched New Year cards. On Russian web site ( “ ”), 49  of  
101 cards had messages in red. On apanese web site (年賀.ORG.), it was 18  of 230 
cards. Then, I observed the usage of red printed letters in the past( 19th and 20th centuries). 

ere, 19  of 880 Russian New Year Cards (Retropost. Ru.), 6  of  401 apanese New 
Year cards (Ideafactory Corporation), had red letters. It is observed that Russian post cards 
have more red letters than apanese. Also, on apanese post cards a tendency was found, to 
use very limited quantity of red for letters. For instance, one phrase representing 
celebration and red for seals (name seals are not included in this research). On the other 
hand, in Russia, especially on current cards, not only is the main phrase but also (on many 
cards) long messages and wishes were printed in red. In addition, all hand written postcard 
that seems to written only with red ink, could found on the Russian web site which 
collecting old post cards for Easter (   ). For these reasons, it is possible to 
say that Russian people have different point of view for using the color red for letters. 

. RESUL S N  ISCUSSION 
As red and blood is one of the highest association in many different countries including 
Russia and apan, discussion will be focused on the image of blood in the two countries. 
Religions are very important factor considering this matter. In apan, a traditional concept 
of defilement, kegare, existed. Tadao Kobayashi states that apanese red color had two 
sides, positive and negative. On one hand, it was a color which had magical power, it could 
chase bad spirits away. Also it was used in festivals as a color of celebration. But, on the 
negative side, it was a minor, taboo color especially when it associated with kegare of  
blood. Blood from woman s childbirth and menstruation was called “akafujyo” (赤不浄) 
which means “red uncleanliness” (Kobayashi 2002). The apanese folk customs dictionary 
“Nihon minzoku daijiten” also has an explanation of blood and akafujyo. In addition, the 
dictionary shows examples of customs related to this thought like “Nagare-kanjyo ” (流れ

灌頂) and “Ketsubonkyo” (血盆経). The first one is a custom of  purify the soul of woman 
who died while giving childbirth. The red material was put on the riverside, and passengers 
sprinkled water on it. When the red color dissapeared, it was thought that the dead woman 
could rest in peace. “Ketsubonkyo” is blood pool sutra. It is said that this beliefe came from 
China. It says that the blood that woman sheds on giving birth and menstruation could 
cause defilement for other people which gets her into blood pool  after her death ( ayashi 
1999). Noboru Miyata indicates the relations beteween kegare of blood and historical 
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a ane e Color ame  e ectin  Dyein :
With a Focus on Their Color Terms in Brown Regions Including More 

than 100 Browns
o i S 1 o  2 and Ste en S 3

1 e artment o  ng i  an ai ai ai o ege
2 o or n tr ctor  trator

3 e artment o  oreign ang age  an ai ai ai ni er it

ABSTRACT
e or  ro n eem  to e eri e  rom rn  t ro g  a roce  ca e  metat e i   ro g  

t i  roce  t e  an  r  in rn  itc e  o ition  to r n   r n  ic  ater came to 
e rono nce  an  e e  a  t e ro n  e no  no  t ro g  a roce  ca e  t e reat o e  

S i t an  renc  in ence   ro n inc e  co or  ranging rom e o  to near ac  ic  come  
rom t e co or a earing a ter omet ing on fire a  tarte  to rn it  e  inten it   n a an ro n 
a  een ca e  cha-iro (茶色 ), meaning the color of tea used for dyeing, since the Muromachi peri-

o     ring t e o erio    t e mo t o ar co or a  cha-iro 
ro n  an  t e econ  mo t o ar a  mo e co or gra   ere a  a ra e  shijyuu-hachi-cha, 

hyaku-nezu (四十八茶百鼠  meaning ort eig t ro n  one n re  mo e co or  or a ariet  
o  co or term   e n m er o  ro n  i  not act a  ort eig t  an  a  een e t ne ore   ere 

e i  o  t ere are  in act  o er one n re  ro n
e o Perio  go ernment e ta i e  t e S m t ar  eg ation  re enting commoner  

rom i ing a i e o  r    ecree o  t i  a  a  eo e regar e  o  tat  ere ro i ite  rom 
earing rio  imono   eca e o  t i  rig t an  a  co or  co  not e e  in kimono, and 

on  t e e o  e  co or  c  a  ro n  or gra  mo e co or  a  ermitte   e ert e e  
t e eo e o  t e o Perio  nat ra  ante  to en o  a iona e refinement  o t e  too  t e e im-
ple colors and wove them into countless variations.  

e e tra itiona  co or  o  a an a e een an e  o n to mo ern time  o ing t e a a-
ne e en e o  ea t  an  i om  Kobicha (媚茶  i  one e am e o  t e ort eig t ro n  g-
gesting a sensuous or coquettish quality.  The color name is derived from kobucha  or e  ro n  an  
a o come  rom t e er  kobiru  ic  mean  to tter or eeten omeone   a ning on t em   

i  co or o  a e een t e nat ra  c oice or a er on o  t e time to ear i  t e  ante  to get 
into someone’s good graces. Rikyucha (利休茶  a  a co or o e   t e tea ma ter Sen no i  in 
t e omo ama Perio     Baikocha (梅幸茶  a  a greeni ro n co or o e   

noe i goro   e ore e came to e ca e  i goro  t i  amo  kabuki actor was named Baiko, 
ence t e co or name   e e a  re ect a re erence in a ane e c t re or or a  an  e emi m

a ane e co or term  em a i e t e notion o  a en e o  t e ea on  ca a ne  nat ra ne  i e  
a co or tone t at i  e  an  t e ea t  o  a moment
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ABSTRACT 

A variety of color terms such as shijyu-hachi cha, hyaku nezu, meaning “forty-eight 
ro n  one n re  mo e co or ,” ere e  in t e mi  an  ate o erio   -

1868) in a an.  At t at time t e mo t o ar co or  ere ro n  an  t e econ  most 
popular were mouse colors. a ane e co or name  or ro ns reflect Japan’s iki aesthetic, 
and t e e iant irit o  t e o erio  eo e o e i e  a  ecome more a ent  The 
purpose o  t i  a er i  to o  t e main c aracteri tic  o  a ane e co or term  re ecting 
wood culture, i.e., dyeing, and 132 cha-named colors (despite the name 48). Color names 
a e  on t e nomenc at re o  t e ort -eig t ro n  are used to refer to colors in a ane e 
a ric  c  a  t o e or kimono in the 21st century. Shijyu-hachi cha  ro n  

em o ie  t e iki aesthetic. For us, iki connote  t e a i it  to i e e  it  contra ictor  
t ing   a ing o  t e  com ement an  are a art o  eac  ot er. 

1. INTRODUCTION: “48 BROWNS” INCLUDING OVER 100 BROWNS 

mong a ane e expressions for color terms, there is a famous phrase, shijyu-hachi cha, 
hyaku nezu, which means “forty-eight browns, one hundred mouse colors.” As this 
expression suggests, from the mid to ate do period (1651-1868) the most popular colors 

ere ro n  an  t e econ  mo t o ar ere mo e co or  t o g  not t e oc  o  
this article, the third most popular were indigos. a ane e co or name  or ro ns reflect 
Japan’s iki aesthetic revealed in its color culture, and t e e iant irit o  t e o eriod 

eo e o e i e  a  ecome more a ent  nio a rite  in i  ictionar  o  
Strange Color Names (Kimyo-na Siki-mei Jiten, in a ane e, : 13) t at e  
neutral colors matched the iki aesthetic, and that people favored color names with cha (tea) 
or nezu (mouse), hence the phrase shijyu-hachi cha, hyaku nezu  e arg e  t at t e n m er 

 a  c o en eca e it o n e  goo  in o e  or  a  an  a  c    i  
paper will explain the existence through the years of 132 cha-named colors (despite the 
name  o  t at co or name  a e  on t e nomenc at re o  t e ort -eig t ro n  are 
used in the 21st cent r  in a ane e c ot ing as well as a roa  an  a itiona  iscuss the 
connotation  o  t e n m er  in t e ra e shijyu-hachi cha  ro n  

2. A SUMMARY OF THE HISTORY OF BROWN DYE INGREDIENTS AND TEA 
PRIOR TO THE EDO PERIOD 

Many a ane e co or name  re ect a ane e eing c t re  e co or name cha-iro (tea 
color) originated in the use of tea infusion as a dye during the Muromachi period (1336-

 or e am e  sencha-iro (sencha is a type of green tea; iro means color) was a color 
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ro ce   eing it  t e in ion o  sencha rom re ine   o  t e tea plant.  Sencha 
came to e i e  r n   commoner  in t e o period (1603-1868), and the color 
names incorporating cha ecame common a  re ea e  in t e ra e shijyu-hachi cha, 
hyaku nezu. Many of these color terms used interesting contrasts revealing the hidden 
resistance among the common people to the control of the ruling class. t i  t o g t t at t e 
first use of the Chinese character for tea (茶) was in the “Cha Jing” (The Classic of Tea, or 
“Chakyo” 『茶経』 in a ane e  ritten aro n      i u, 陸羽 in a ane e  

-804) during the Tang Dynasty (618-   

During the Nara period tencha (纏茶: a  ermente  tea  eem  to a e een ro g t to 
a an rom ina  t e a ane e en o  to ang ina  ct a  tea ro ction in a an 

started in 805 when Saicho (最澄: 767-822) ro g t tea ee  rom ang ina   Tea was 
re ente  to t e m eror.  The courtiers of the Heian perio  -  egan rin ing tea 

in the form of tea-tasting competitions (toucha: 闘茶), and in the mid-Muromachi period 
(15th century) tea was a luxury item used in the tea ceremony. Among samurai and 

i t rie t  tea a  ir t r n  to ar  o  ro ine  it  t e a an onment of the 
a ane e en o  to ang ina  tea ec ine  in a an  o e er  in  i ai 栄西：1141-

1215  re ita i e  tea  ringing tea ee  an  ma  tea ant  rom So t ern Song ina 
-   rom t e ate eian to ear  ama ra periods he had learned in China’s 

en tem e , ic  a e  im icit  t e a  o  rin ing tea t at a  e e o e  rom t e 
Tang to Southern Song Dynasties.  

e co or name  or ro n  e ore t e o period did not use cha for their 
nomenclature. Heian perio  co or name  or rowns included such terms as kourozen (黄櫨
染)  a e o i  ro n e  t ice  t not ing tea a  a e  t a  a co or or i en to 
commoners. en t e o perio  ater came  ome ro n  ic  a  once een a o e  
on  to t e r ing c a  came to e ermitte  to the common people, which made them 
popular. e e  oint ere i  t at it a  t e e o  tea cha) as a dye that caused this 
change, hence its wide popularity as a color name. t er ro n  o  t e eian period, 
similar to kourozen, did not use tea as a dye.  Another Heian color was shira-tsurubami, 
(白橡) a color produced from one of Japan’s most ancient dyes  ing t e c e tn t oa  an  
acorns. n i e kourozen, shira-tsurubami was actually re cri e  or common eo e. 
Aka-shira-tsurubami (reddish shira-tsurubami), on the other hand, was reserved for high 
ran ing o icia  on  an  a  ro ce  it  a e a e  on ma er 茜). Ao-shira-
tsurubami i  shira-tsurubami) was used for everyday informal ear  t on   t e 

m eror  t a  ro ce   cro -dyeing with kariyasu (miscanthus tinctorius) and 
lithospermum root. n i e shira-tsurubami, ao-shira-tsurubami i  not e c e tn t oa  

ic  a  ine en i e an  t o g t to e more a ro riate or commoner  Ki-tsurubami 
a  et anot er ro n co or ro ce   eing it  acorn  an  e  not er co or too  

it  name rom t e a ane e or  or c o e  choji. Choji-zome (丁子染) was produced in 
one of two ways. Honzome (本染) referred to choji-zome which was actually produced 
with expensive cloves, while daiyou-zome (代用染) referred to choji-zome ic  a  een 
produced with re  a err  楊梅) rather than cloves. Choji-zome was also called kou-
zome (香染) or koki-kou (濃き香), and the kou in ot  o  t e e color compounds refers to 
an aromatic wood. Usu-kou, also called kou-iro, was produced from lightly dyeing with 
cloves, and was ig t e o i  ro n. The kou in its name comes from the use of incense 
as a dye. Suou-kou (蘇芳香) was similar to another color called aka-kou (a reddish variant 
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of kou-iro  e aine  a o e  Suo-kachi was similar to suou-kou  t o  an e en ee er 
ro n  e e ere ome o  t e man  ro n  rior to t e o period, and demonstrate how 

people back to the early days of Japan’s history were sensitive to slight differences in color. 
i e ater in t e o perio  eo e egan to e term  incor orating cha to refer to 

ro n  e ore t e o period there were many distinct names for these colors. 

n t e o period color names with cha came to e i e  e  t tea a  not t e on  
ingredient used in the production of these colors. eing materia  e  in t e o erio  
inc e  re  a err  a an  kariyasu, peels of ume, madder, turmeric, indigo, small 
dried sardines, and other things. e o co or  usu-cha and shira-cha were similar to the 
Heian colors shira-tsurubami, kou-iro, and usu-kou  e  ere a a e ro n  ometime  
with a yellowish or reddish tint, similar to a eige  e ro ce  it  t e ee  o  re  
a err  a  mo t o e  rom t e ear  to mi - enro  period (1688-  an  ecame 
o ar again in t e n a-Bunsei perio  -1843).  Kyara denotes a type of high 

quality aromatic resin  t rom t e mi - o period kyara-cha re erre  to a ar  e o i  
ro n ro ce   eing it  omet ing ot er t an t e er  e en i e an  rare  kyara. 

e o period government established the “Sumptuary Regulation,” preventing farmers 
from living a life of luxury.  By decree of this law, all people regardless of status were 
ro i ite  rom earing rio  imono  n  t i  a  ro i ite  t e e o  i  in 

kimono e t  an  nec an  an  in  it ro i ite  t e se of purple and reddish- in  
n  t i  a  as expanded to include the samurai and commoners. Although the 

people of that time followed the law in practice, the iki spirit included resistance to it. 

3. “48 BROWNS” ACTUALLY INCLUDES 132 BROWNS 

The origins of cha-iro tea ro n co or  name  a e man  origins, including plants (azuki 
ean  a ane e ite irc  m err  e  man arin orange  i o  a en ea e  an  

fruits such as persimmons and loquats), plant- a e  e  in igo  a ane e or e c e tn t  
and tea, among others), dyeing methods (momo-shio momo literally means one-hundred, 

gge ting t e arge n m er of times something is dyed, while shio usually would mean 
a t  t en e  in t e conte t o  eing re er  to in ertion into e  an  ta en toget er 

means a deep color produced from multiple rounds of dyeing, i.e. youkan-iro  a ro n 
ro ce  it  t i  met o  an  name  a ter a in  o  eet e  o  azuki ean  ir  

arro   ar er  a ane e cre te  i i e  ac  ite  ra ian i in  an  
others), animals (mice, sea-otter  an  o on  er ona  name  n  em o  S i an, 
S i o  So en  an ro  ai o  i an  i  o o  o n  among ot er  place-
name  o  i  ang  omo-yama, etc.), furniture (such as kawarake, or ng a e  
eart en are  arc itect re i e nando, a storeroom), tools (such as toishi, a whetstone), 
spices (such as choji, cloves), aromatic trees and woods (such as kyara, a high-quality 
agar oo  ro ct t at a  ee  ro n  an  agar oo  it e  t ing  re ate  to ort ne  an  
omens (such as chitose, meaning one thousand years; takara, treasure; kin, gold; fuku-jyu, 
long life and happiness; and yama-buki  ere meaning a go  coin  m o  c  a  t e 
tea ikou-cha  ic  re erre  to a tea t at a  een r n   eo e o e  ig  ocia  
status the ikou refers to this status an  m o i e  t e o er t e  comman e  ma ing 
it o ar en it ater came to e r n   commoner  co or  re  e  e o  ite  
green, gray, and tea- ro n  ica  eat re  c  a  okina-cha, a near- ite ro n that 
ta e  it  name rom t e gra  air o  an okina, an aged man). n a ition  t ere are ro n  
t at ta e t eir name  rom or  a  c  a  kobicha ( 茶), a color name derived from 

 

 

ro ce   eing it  t e in ion o  sencha rom re ine   o  t e tea plant.  Sencha 
came to e i e  r n   commoner  in t e o period (1603-1868), and the color 
names incorporating cha ecame common a  re ea e  in t e ra e shijyu-hachi cha, 
hyaku nezu. Many of these color terms used interesting contrasts revealing the hidden 
resistance among the common people to the control of the ruling class. t i  t o g t t at t e 
first use of the Chinese character for tea (茶) was in the “Cha Jing” (The Classic of Tea, or 
“Chakyo” 『茶経』 in a ane e  ritten aro n      i u, 陸羽 in a ane e  

-804) during the Tang Dynasty (618-   

During the Nara period tencha (纏茶: a  ermente  tea  eem  to a e een ro g t to 
a an rom ina  t e a ane e en o  to ang ina  ct a  tea ro ction in a an 

started in 805 when Saicho (最澄: 767-822) ro g t tea ee  rom ang ina   Tea was 
re ente  to t e m eror.  The courtiers of the Heian perio  -  egan rin ing tea 

in the form of tea-tasting competitions (toucha: 闘茶), and in the mid-Muromachi period 
(15th century) tea was a luxury item used in the tea ceremony. Among samurai and 

i t rie t  tea a  ir t r n  to ar  o  ro ine  it  t e a an onment of the 
a ane e en o  to ang ina  tea ec ine  in a an  o e er  in  i ai 栄西：1141-

1215  re ita i e  tea  ringing tea ee  an  ma  tea ant  rom So t ern Song ina 
-   rom t e ate eian to ear  ama ra periods he had learned in China’s 

en tem e , ic  a e  im icit  t e a  o  rin ing tea t at a  e e o e  rom t e 
Tang to Southern Song Dynasties.  

e co or name  or ro n  e ore t e o period did not use cha for their 
nomenclature. Heian perio  co or name  or rowns included such terms as kourozen (黄櫨
染)  a e o i  ro n e  t ice  t not ing tea a  a e  t a  a co or or i en to 
commoners. en t e o perio  ater came  ome ro n  ic  a  once een a o e  
on  to t e r ing c a  came to e ermitte  to the common people, which made them 
popular. e e  oint ere i  t at it a  t e e o  tea cha) as a dye that caused this 
change, hence its wide popularity as a color name. t er ro n  o  t e eian period, 
similar to kourozen, did not use tea as a dye.  Another Heian color was shira-tsurubami, 
(白橡) a color produced from one of Japan’s most ancient dyes  ing t e c e tn t oa  an  
acorns. n i e kourozen, shira-tsurubami was actually re cri e  or common eo e. 
Aka-shira-tsurubami (reddish shira-tsurubami), on the other hand, was reserved for high 
ran ing o icia  on  an  a  ro ce  it  a e a e  on ma er 茜). Ao-shira-
tsurubami i  shira-tsurubami) was used for everyday informal ear  t on   t e 

m eror  t a  ro ce   cro -dyeing with kariyasu (miscanthus tinctorius) and 
lithospermum root. n i e shira-tsurubami, ao-shira-tsurubami i  not e c e tn t oa  

ic  a  ine en i e an  t o g t to e more a ro riate or commoner  Ki-tsurubami 
a  et anot er ro n co or ro ce   eing it  acorn  an  e  not er co or too  

it  name rom t e a ane e or  or c o e  choji. Choji-zome (丁子染) was produced in 
one of two ways. Honzome (本染) referred to choji-zome which was actually produced 
with expensive cloves, while daiyou-zome (代用染) referred to choji-zome ic  a  een 
produced with re  a err  楊梅) rather than cloves. Choji-zome was also called kou-
zome (香染) or koki-kou (濃き香), and the kou in ot  o  t e e color compounds refers to 
an aromatic wood. Usu-kou, also called kou-iro, was produced from lightly dyeing with 
cloves, and was ig t e o i  ro n. The kou in its name comes from the use of incense 
as a dye. Suou-kou (蘇芳香) was similar to another color called aka-kou (a reddish variant 
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kobu-cha  or e  ro n  an  a o rom t e er  kobiru  meaning to tter omeone   
fawning on them), from honorific expressions such as omeshi-cha ( 茶: a i  

e  ro n name  a ter a in  o  ig -quality chirimen, i  cre e- i e a ric, o e   
the 11th shogun o ga a enari  ic  e ent  came to e no n as omeshi, itself 
is the honorific form of the verb “to wear”), and bunjin-cha ( 茶 ), which is an 
e re ion re erring to a iona e an  o i ticate  eo e at t at time bun meaning 
literature, jin meaning people, and cha meaning tea, or people of tea and letters, such as the 
iterati   ro n  n i e mo e co or  i  not a e co or name  t at ma e re erence to 

astronomical phenomena or river names. Cha-iro (茶 : tea co or  ro n  come  rom t e 
co or o  t e rin  tea, and includes 132 colors, which are typically divided into a three part 
c a i ication tem ro o e   aga a i  t ic  e a e re i e   ere e 
will explain his system and our modifications to it. 

aga a i i i e  t e ro n  into t ree categorie  aka-cha, ki-cha, and ao(midori)-cha, 
ic  re ecti e  mean re  tea ro n  e o  tea  an  e green  tea   e ro o e  

t i  tem a e  on i erent t e  o  rin ing tea  ban-cha, sen-cha, and hiki-cha (also 
no n a  matcha  t ic  green tea  an  arg e  or t i  c a i ication system noting that tea 

was used in the dyeing process. Aka-cha i  a co or categor  t at e e  to e cri e co or  
imi ar to t e rin ing tea ban-cha  an  t e  a ica  corre on  to eac  ot er t t e 

first term represents the color category and the econ  term i  t e act a  tea it i  a e  on   
Similarly, ki-cha i  a e  on t e tea t e sen-cha, and ao(midori)-cha i  a e  on hiki-cha.  

o e er  t e act i  t at i e ome o  t e ro n  are ro ce   eing it  tea  ome 
colors with the cha name e tea com ine  it  ot er t ing  an  ome o not e tea at 
a    art o  o r re earc  e i te  a  man  ro n  a  e co  in  an  trie  itting 
them into Nagasaki’s framework. We expanded the categories of his original proposed 

tem  c anging t e name  to etter re ect a i er ariet  o  ro n  a e a e  
ro n  t at ere not in i  origina  categorie  an  a o a e  a o rt  categor  o  co or  

that include cha in t e name  t are act a  gra  aga a i im e  i  not attem t to 
fully list the cha colors in categories in this way. 

Among the ban-cha co or  ic  aga a i ca e  aka-cha (as do we; aka-cha means 
“red tea/brown”), are a total of 22 colors: aka-cha, aka-koge-cha, azuki-cha, beni-ebi-cha 
( ), danjyurou-cha, edo-cha, enshu-cha, kaba-cha (which has three different Chinese 
characters with the same pronunciation, each counted as one color, ), kuri-ume-
cha, kuri-kane-cha, kouetsu-cha, shikan-cha, shoujou-cha, suzume-cha, tangara-cha, 
tousei-cha ( ), toki-cha, momo-yama-cha, ume-cha, and usu-ume-cha. 

aga a i ca e  t e sen-cha category ki-cha when he referred to it as a color category 
name; however, we renamed it ki-aka-kara-ki-cha, which means “from yellow-red (tea 
brown) to yellow (tea brown).” It includes the following 30 colors: bunjin-cha ( ), cha-
iro, cha-kasshoku, choji-cha, hiwa-cha, kaki-cha, kawarake-cha, ki-cha ( 茶), ki-kara-
cha ( ), ki-gara-cha ( ), ki-kara (ki-gare) cha ( ), kishu-cha, kara-cha, 
kin-cha, kenpou-kuro-cha, ki-miru-cha, koge-cha ( 茶), kobi-cha ( 茶), koi-uguisu-cha 
(濃 ), konbu-cha, kuwa-cha, mikan-cha, ran-cha ( 茶), shibu-cha/shibucha-iro, sen-
cha/senji-cha-iro, senjicha-zome, takara-cha, uguisu-cha, and yamabuki-cha. 

ina  aga a i a  t e hiki-cha category, which he calls ao(midori)-cha when he 
refers to the colors in it rather than the tea; we call this category midori-kara-ao-cha (“from 
green to blue” tea brown). It includes these 21 colors: ai-tono-cha ( ), ao-cha 
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( 茶 ), icou-cha ( ), fukujyu-cha, gin-onando-cha ( 茶 ), jinkou-
cha/tono-cha ( 香茶 茶), kusayanagi-cha, maccha-iro, ryoku-cha, omeshi-cha, sensai-
cha/senzai-cha ( ), shinsai-cha, and yanagi-cha.  

We are also proposing a new category of colors with cha in t eir name  t ic  are 
more gra  t an ro n – the following 56 colors o  re io  a e een organi e  
under the tem a o e  t e i  e recategori ing t em   The  ar  grays formerly in 
the aka-cha category are ebi-cha ( ), ebi-kawa-cha, kuri-kawa-cha, and 
momo-shio-cha ( ). Three grays formerly under aka-cha are kara-cha ( 茶, the 
kara come  rom a a ane e a  to re er to ang  ic  came to mean “new, beautiful”), 
souden-kara-cha, and souden-cha. Two light grays that would have originally fallen into 
the aka-cha category are toki-gara-cha and toki-cha. The 15 colors originally in the ki-aka-
kara-ki-cha categor  t now in the new category include t e o o ing ar  gra  
ochiba-cha, kara-cha/kare-cha ( 茶), kanze-cha, kogarashi-cha/kogare-cha/kikara-cha 
( ), kurokobi-cha, kuro-cha/kurocha-iro, kogarashi-cha, goku-koge-cha, susu-take-cha, 
miru-cha, su-miru-cha/su-miru-cha-iro, mukashi-kara-cha ( ), rakko-cha, and 
rokou-cha, the following 8 grays: tono-cha ( ), nezumi-cha/nezu-cha, hai-cha, 
biwa-cha ( ), and furu-cha, and these  light grays: awa-cha, usu-cha, usu-sira-
cha, kuwa-iro-sira-cha, shigaraki-cha ( ), shira-cha/shiro-cha (白茶), and rikyu-sira-
cha ( 白茶). From the midori-kara-ao-cha category, we are moving the 10 dar  gra  
ai-koi-cha ( 濃), ai-kobi-cha ( ), ai-sumi-cha ( ), ai-miru-cha ( ), 
onando-cha/nando-cha, sikou-cha, yanagi-susutake-cha ( ), and rikan-cha, the 2 
grays: iwai-cha ( ) and rikyu-cha, and these 2 light grays: baikou-cha and mamegara-
cha ( ). The colors listed so far were formerly divided into three categories  t we put 
them into a new category we call kurai-hai-kara-akarui-hai-no-cha meaning ar  gra  to 
ig t gra  c a tea ro n  There are also three colors that did not fit into the original 

system: okina-cha (the cha color closest to white), kara-take-cha, and roshun-cha. 

4. COLOUR TERMS OF “48 BROWNS” IN MERCHANDISE 

The cha colors listed above are one aspect of Japan’s traditional culture, which lives on in 
the fact that many of the cha colors contin e to e e  in a an to ay, especially among 
specialists and in industry. Japan’s geisha and maiko (teenagers who are in training to 

ecome geisha) are highly-trained professional entertainers and performers of Japan’s 
traditional arts, who wear kimono that reflect Japan’s color culture. Many of the terms 
intro ce  a o e are e  to re er to co or  in a ane e a ric  c  a  t o e or kimono. 
The clothing for kabuki a o ma e  e o  a ric  ing t e e co or  not er e am e i  
pottery, where some of the cha color terms are still used. Additionally, some shops are 
name  a ter t e co or  ere a  a o een one e am e o  o  one o  t e co or  a  een 
used overseas – in 2011, the American company Fender produced a guitar at the request of 
a a ane e m ician ing t e co or omeshi-cha, which they named “grayish olive green.” 

5. CONCLUSION: THE CONNOTATION OF 48 IN “48 BROWNS” 

e n m er  i  tra itiona  a igni icant n m er in a ane e c t re  an  can e een in 
other phrases such as shi-jyu-hachi-no-seigan (a phrase referring to the forty-eight wishes 
of the Amida Buddha), and kuchiba-shi-jyu-hachi-shoku (forty-eight decayed-leaves 

 

 

kobu-cha  or e  ro n  an  a o rom t e er  kobiru  meaning to tter omeone   
fawning on them), from honorific expressions such as omeshi-cha ( 茶: a i  

e  ro n name  a ter a in  o  ig -quality chirimen, i  cre e- i e a ric, o e   
the 11th shogun o ga a enari  ic  e ent  came to e no n as omeshi, itself 
is the honorific form of the verb “to wear”), and bunjin-cha ( 茶 ), which is an 
e re ion re erring to a iona e an  o i ticate  eo e at t at time bun meaning 
literature, jin meaning people, and cha meaning tea, or people of tea and letters, such as the 
iterati   ro n  n i e mo e co or  i  not a e co or name  t at ma e re erence to 

astronomical phenomena or river names. Cha-iro (茶 : tea co or  ro n  come  rom t e 
co or o  t e rin  tea, and includes 132 colors, which are typically divided into a three part 
c a i ication tem ro o e   aga a i  t ic  e a e re i e   ere e 
will explain his system and our modifications to it. 

aga a i i i e  t e ro n  into t ree categorie  aka-cha, ki-cha, and ao(midori)-cha, 
ic  re ecti e  mean re  tea ro n  e o  tea  an  e green  tea   e ro o e  

t i  tem a e  on i erent t e  o  rin ing tea  ban-cha, sen-cha, and hiki-cha (also 
no n a  matcha  t ic  green tea  an  arg e  or t i  c a i ication system noting that tea 

was used in the dyeing process. Aka-cha i  a co or categor  t at e e  to e cri e co or  
imi ar to t e rin ing tea ban-cha  an  t e  a ica  corre on  to eac  ot er t t e 

first term represents the color category and the econ  term i  t e act a  tea it i  a e  on   
Similarly, ki-cha i  a e  on t e tea t e sen-cha, and ao(midori)-cha i  a e  on hiki-cha.  

o e er  t e act i  t at i e ome o  t e ro n  are ro ce   eing it  tea  ome 
colors with the cha name e tea com ine  it  ot er t ing  an  ome o not e tea at 
a    art o  o r re earc  e i te  a  man  ro n  a  e co  in  an  trie  itting 
them into Nagasaki’s framework. We expanded the categories of his original proposed 

tem  c anging t e name  to etter re ect a i er ariet  o  ro n  a e a e  
ro n  t at ere not in i  origina  categorie  an  a o a e  a o rt  categor  o  co or  

that include cha in t e name  t are act a  gra  aga a i im e  i  not attem t to 
fully list the cha colors in categories in this way. 

Among the ban-cha co or  ic  aga a i ca e  aka-cha (as do we; aka-cha means 
“red tea/brown”), are a total of 22 colors: aka-cha, aka-koge-cha, azuki-cha, beni-ebi-cha 
( ), danjyurou-cha, edo-cha, enshu-cha, kaba-cha (which has three different Chinese 
characters with the same pronunciation, each counted as one color, ), kuri-ume-
cha, kuri-kane-cha, kouetsu-cha, shikan-cha, shoujou-cha, suzume-cha, tangara-cha, 
tousei-cha ( ), toki-cha, momo-yama-cha, ume-cha, and usu-ume-cha. 

aga a i ca e  t e sen-cha category ki-cha when he referred to it as a color category 
name; however, we renamed it ki-aka-kara-ki-cha, which means “from yellow-red (tea 
brown) to yellow (tea brown).” It includes the following 30 colors: bunjin-cha ( ), cha-
iro, cha-kasshoku, choji-cha, hiwa-cha, kaki-cha, kawarake-cha, ki-cha ( 茶), ki-kara-
cha ( ), ki-gara-cha ( ), ki-kara (ki-gare) cha ( ), kishu-cha, kara-cha, 
kin-cha, kenpou-kuro-cha, ki-miru-cha, koge-cha ( 茶), kobi-cha ( 茶), koi-uguisu-cha 
(濃 ), konbu-cha, kuwa-cha, mikan-cha, ran-cha ( 茶), shibu-cha/shibucha-iro, sen-
cha/senji-cha-iro, senjicha-zome, takara-cha, uguisu-cha, and yamabuki-cha. 

ina  aga a i a  t e hiki-cha category, which he calls ao(midori)-cha when he 
refers to the colors in it rather than the tea; we call this category midori-kara-ao-cha (“from 
green to blue” tea brown). It includes these 21 colors: ai-tono-cha ( ), ao-cha 
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colors). Although the phrase shijyuhachicha, hyakunezu (forty-eig t ro n  one-hundred 
mo e co or  tate  a c ear n m er o  co or  in act t e n m er o  ro n  an  mouse 
co or  are ot  o er one n re  ere are t  ome e tion  a o t  t e e n m er  

ere c o en in t e ir t ace  an   t e n m er gi en or ro n  i  ma er e en 
though the actual list of color names is similar en e com are t e ro n  an  mouse 
colors  nio a  -55) gives three reasons. First, he suggests that perhaps the 
n m er ort -eig t i  t e ame a  t e n m er o  c aracter  in a e - no n oem ic  

o  a e een e en more i e  no n at t at time  Iroha, which uses t e a ane e 
a ar  an  e re e  i t i ea  Secon  e gi e  t e o i i it  t at ort -eight 

mig t a e een c o en e en t o g  it a  a it i erent rom t e act a  n m er eca e 
it involved some word play and sounded good, and this was seen as more important than 
acc rac  ir  e rite  t at t e n m er mig t a e een c o en or goo  c  ointing 
out that the Chinese character for eight, , has a special additional meaning of good 
fortune and prosperity, and was often used to mean something similar to “a lot” regardless 
o  t e act a  n m er o  t ing  eing co nte  a calls it the “magic number” of the 

o perio  a art o  apanese culture carried on into modern society. 

ntere ting  t e n m er o r tra itiona  a  negati e a ociation  in a an  ince it 
o n  i e t e or  or eat  o e er  ere it a ear  it  t e eig t in ort -eight. The 

rea on or t i  o  com ination ma  e the interesting contrast it provides – one that would 
a e een meaning  to eo e at t at time  an  to a  a  e  t i  t e i ea e re e  in 

t e in an  ang m o  omet ing t at i  goo  or e am e  ma  contain t e ee  or 
elements of its opposite). Aesthetically there is an enjoyment of putting opposites together 
which is revealed in the phrase, and is at the heart of the iki aesthetic. i  can a o e een 
in the color terms themselves, which sometimes put opposites together (as in ai-koi-cha, in 
which the ai and cha are act a  o o ite co or  ar ier e mentione  t e e iant irit 
o  t e o eo e  e common eo e ere re i tant to t e Sumptuary Regulation, and 
o o e  it o t ar  t re ecte  it in ar . This was revealed in the naming of the 

colors (i.e. the use of cha itself in naming the colors was a rejection of the Regulation). 
i  re ect  an a ect o  a ane e c t re re erre  to a  omote/ura: outwardly saying one 

t ing i e interna  t in ing omet ing e e  an  i e t i  mig t e een a  eing two-
ace  in ng i - ea ing c t re  it i  not nece ari  een t i  a  in a an  not er 

inter retation o  t e  i  t at it em o ie  t e iki ae t etic e a e e cri e  – it was a 
in  o  re i ient an  im taneo  re traine  re i tance to a t orit  t at too  a 

sophisticated form in various aspects of life at that time. Iki connotes t e a i it  to i e e  
it  contra ictor  t ing   a ing o  t e  com ement an  are a art o  eac  ot er  an 

o t oo  t at i  im ortant to rotect in t e c a enging world we live in today. 
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ABSTRACT
LED (light-emitting diode) lighting source has become the most important clean source because 

of its special properties such as energy-saving and long service life. However, due to its small size, 
glare has become a serious in LED lighting design because it can cause safety accidents and visual 
impairment. In fact, there have been many methods to evaluate the glare produced by traditional 
lighting source, but for LED source, the existing standards may not be suitable because of its high 
luminance intensity, small size and non-uniform distribution.

In this work, an experiment was designed to investigate the indoor discomfort glare. 
Experimental apparatus was designed to consider a wide range of glaring conditions. The physical 
parameters included luminance intensity, the size of LED matrix, the pattern of LED luminance 
distribution, the background luminance, and the viewing angle. Overall, there are 108 different lighting 
conditions in this experiment assessed by 20 observers, each one did twice. In each lighting condition, 
20 observers visually assessed the glare. In total, 2160 estimations were made.

The data were analyzed and the results showed that the five parameters all had statistic 
ignificant re ation  it  man en ation o  g are   it  arger minance co  ro ce more 

glare if other conditions are in the same level. Also glare increases with the decrease of LED matrix’s 
size and viewing angle. As for the background luminance, it was found that it is obviously feel the 
discomfort glare in dark background. For different patterns, discomfort glare increases with the 
increase of contrast between luminance from the boundary LEDs and inner part of luminance. In other 
words, the greater non-uniformity, the more discomfort glare. Finally, we compare the visual glare with 
those predicted by different models including UGR, VCP, UGR for small sources, BGI and DGR. The 
results also showed that UGR, UGR for small sources and BGI models are reasonably predicted for 
LED discomfort glare to some extent. However, we also demonstrated that there are rooms to improve 
to consider the irregularity of the model.
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ABSTRACT 

Glare has been a problem in lighting design because it can cause safety accidents and visual 
impairment. For LED source, the existing standards may not be suitable because of its high 
luminance intensity, small size and non-uniform distribution. In this work, an experiment 
was conducted to investigate the indoor LED discomfort glare. The physical parameters 
studied included luminance intensity, the size of LED matrix, the pattern of LED luminance 
distribution, the background luminance, and the LED positioned angle above the sight line. 
The results showed that the five parameters all had statistic significant effect on human 
sensation of glare. Finally,the visual glare was used to test two different glare models. The 
results domenstrated that there are still some rooms to improve the accuracy of the model, 
especially for the non-uniform LED patterns. 

Keyword: LED, discomfort glare, UGR 

1. INTRODUCTION 

LED (light-emitting diode) lighting source has become the most important clean source 
because of its special characters such as energy-saving and long service life. More 
importantly, LED source can be tuneable whose luminance, chromaticity, spectrum and 
pattern can be adjusted with different application requirements. These strengths make it 
possible to be developed as intelligent lighting source to provide functionalisation, 
personalisation and with internet. 

However, glare is a serious problem in LED lighting design due to its small size. It can 
cause visual fatigue and excessive glare which could result in safety accidents and visual 
impairment. Here the research is concentrated on indoor discomfort glare. For traditional 
lighting sources such as incadescent or fluorescent, Cai (2013) reported different vision 
models to describe indoor discomfort glare such as UGR, VCP, and BGI , while they can 
only be used in some restricted conditons such as medium area and medium luminance. The 
problem is that these glare indices cannot be used to precisely predict glare caused by LED 
which has high luminance intensity, small size and non-uniform distribution. As the LED is 
rapidly replacing traditional lighting source, it is necessary to evaluate LED lighting quality 
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especially the discomfort glare. With this in mind, CIE has established a Joint technical 
committee to investigate the prediction of glare for the non-uniform LED sources. 

Over the past several years, several studies have been reported that many parameters exert 
strong impact on observer’s perception of glare. Akashi et al. (2013) discovered that blue 
LED and cyan LED could have the lowest BCD luminance (borderline of comfort and 
discomfort) of discomfort glare compared with other colour’s LED. By using fluorescent 
luminaires, Zhang et al. (2012) conducted a research on the effects of lighting source’s color 
temperature on discomfort glare. Ayama et al. (2013) redefined the glare model UGR by 
calculating the luminance of LED glare source in HDR (high dynamic range) image and 
come up with the concept called ‘effective glare luminance’. 

Therefore, the purpose of the present research is to generate a glare viusal database and 
to analyse the relationship between lighting parameters and discomfort glare. Furthermore, 
it is still necessary to evaluate the existed indoor discomfort glare indices and improve them 
to some extent by analysing the collected data. 

2. METHOD 

2.1 Experimental Conditions 

The experiment was carried out in an enclosed room without window. The apparatus is 
shown in Figure 1. LED elements were arranged in a four-by-four matrix, within an area of 
16cm*16cm. These LEDs were Lambertian light source. The colour temperature of them 
was 4100K. The LED panel was placed on the background board covered with white cloth. 
The horizontal distance between observer’s eyes and LED lighting source was 2.5 m. The 
distance between eye and computer display was 60 cm. The height of table was 
approximately 75 cm. For the display, the height was 32 cm and the width was 55 cm.  

During the experiment, in order to simulate real working situation, the observers were 
asked to look horizontally at the computer display and enjoy the oil paintings presented 
randomly on the display. As for the subjective glare rating scale, Table 1 shows the detail.  

Totally, there are twenty observers, eleven males and nine females in their twenties or 
thirties (the average age was 24 years) with normal colour vision, participated in the 
experiment. 

2.2 Experimental Parameters 

The experiment was divided into 2 parts. In Experiment 1, the effects of LED luminance 
intensity, the whole LED size, background luminance and LED positioned angle above the 
sight line were mainly investigated. Note that every bright LED has the same luminance in 
this experiment. LED luminance intensity corresponds to 5 levels (0.46, 1.65, 4.66, 9.57, 
and 16.79 cd) measured by PR670 (product of Photo Research). As the figure 2 shows, there 
were 3 matrices of LED sizes including 1*1, 2*2 and 4*4. There were two backgrounds 
(dark (0 lux) and bright (105 lux)). It had two LED positioned angles above the sight line, 
10 degree and 20 degree. 
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Table 1. Subjective glare rating  

category name 
1 imperceptible 
2 just perceptible 
3 noticeable 
4 just uncomfortable 
5 uncomfortable 
6 just intolerable 
7 intolerable 

 
 

 
Figure 1: Experiment apparatus 

In Experiment 2, the pattern of LED distribution was changed so that the uniformity of 
glare source was varied. There were 12 kinds of LED patterns with different luminance 
distribution of LED panel while the LED luminance intensity was set the same (20.79cd). 
Shown in figure 3, the luminance contrast between outside part and inside part had 10 
different levels. Another two patterns included 1*1 LED matrix and 4*4 LED matrix. Also 
in Experiment 2, LED positioned angle above the sight line and background luminance were 
set the same as Experiment 1. 

Overall, there are 108 different lighting conditions in this experiment assessed by 20 
observers, each one did twice. In each lighting condition, 20 observers visually assessed the 
glare. In total, 2160 estimations were made. 

2 
 

especially the discomfort glare. With this in mind, CIE has established a Joint technical 
committee to investigate the prediction of glare for the non-uniform LED sources. 

Over the past several years, several studies have been reported that many parameters exert 
strong impact on observer’s perception of glare. Akashi et al. (2013) discovered that blue 
LED and cyan LED could have the lowest BCD luminance (borderline of comfort and 
discomfort) of discomfort glare compared with other colour’s LED. By using fluorescent 
luminaires, Zhang et al. (2012) conducted a research on the effects of lighting source’s color 
temperature on discomfort glare. Ayama et al. (2013) redefined the glare model UGR by 
calculating the luminance of LED glare source in HDR (high dynamic range) image and 
come up with the concept called ‘effective glare luminance’. 

Therefore, the purpose of the present research is to generate a glare viusal database and 
to analyse the relationship between lighting parameters and discomfort glare. Furthermore, 
it is still necessary to evaluate the existed indoor discomfort glare indices and improve them 
to some extent by analysing the collected data. 

2. METHOD 

2.1 Experimental Conditions 

The experiment was carried out in an enclosed room without window. The apparatus is 
shown in Figure 1. LED elements were arranged in a four-by-four matrix, within an area of 
16cm*16cm. These LEDs were Lambertian light source. The colour temperature of them 
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During the experiment, in order to simulate real working situation, the observers were 
asked to look horizontally at the computer display and enjoy the oil paintings presented 
randomly on the display. As for the subjective glare rating scale, Table 1 shows the detail.  
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intensity, the whole LED size, background luminance and LED positioned angle above the 
sight line were mainly investigated. Note that every bright LED has the same luminance in 
this experiment. LED luminance intensity corresponds to 5 levels (0.46, 1.65, 4.66, 9.57, 
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Figure 2: LED matrix in experiment 1 

       

        

   

Figure 3: LED pattern with different contrast level between outside and inside 

3. RESULTS AND DISCUSSION 

3.1 Lighting Parameters on Perceived Glare 

Statistical analyses were performed using SPSS version 16.0. For Experiment 1, the four 
parameters including LED luminance, matrix size, background luminance and LED 
positioned angle above the sight line. All had strong relationship with glare. After two-way 
factorial analysis of variance (ANOVA), it was found statistically significant interaction 
(p=0 and p<0.05) between glare rating score and all the parameters investigated in 
Experiment 1. For luminance, it is obvious that average glare rating score increases as the 
glare luminance increases. For the size of LED matrix, the glare rating score increases as the 
size increases. For background luminance, the sensation of glare in dark background is 
stronger than in bright background when other conditions are all the same. For the LED 
positioned angle above the sight line, the sensation of glare increases with the decrease of 
angle. 

For Experiment 2, the most important parameter discussed here is the non-uniformity of 
LED lighting source. After two-way factorial analysis of variance (ANOVA), the results 
indicate statistically significant interaction (p=0.002 and p<0.05) between glare rating score 
and LED non-uniformity, or uniformity of LED pattern. Glare rating score increases with an 
increase of contrast between the inner and outer luminance. In other words, the discomfort 
glare increases as the increase of non-uniformity level. 
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3.2 Testing Models’ Performances 

Finally, the visual results were used to test UGR and BGI models. These were selected 
because the two models are known to have best performance in predicting the previous 
datasets (Cai, 2013). Parts 1 and 2 data represent the data from Experiments 1 and 2 
respectively. Table 2 shows the predictive performance of the two models in terms of 
correlation coefficient (R value) for Part 1, Part 2 and combined data. Figure 4 plots the UGR 
predictions against the subjective ratings. It can be clearly seen that UGR model can predict 
Part 1 discomfort glare results better than those of Part 2. Figure 5 plots the BGI predictions 
against the subjective ratings. Similar to UGR model, BGI predicts Part 1 discomfort glare 
results better than those of Part 2. However, both models predict the combined data well, i.e. 
r values of 0.93 and 0.94 respectively. The results in Table 2 clearly indicate that both models 
gave good predictions to the combined data. They can predict better for Part 1 data than the 
Part 2 data. This implies that there is a room to improve the models in predicting the data 
having non-uniform LED patterns.  

 

Figure 4: Relation between UGR and glare rating score 

 

 
Figure 5: Relation between BGI and glare rating score 
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Figure 2: LED matrix in experiment 1 

       

        

   

Figure 3: LED pattern with different contrast level between outside and inside 

3. RESULTS AND DISCUSSION 

3.1 Lighting Parameters on Perceived Glare 

Statistical analyses were performed using SPSS version 16.0. For Experiment 1, the four 
parameters including LED luminance, matrix size, background luminance and LED 
positioned angle above the sight line. All had strong relationship with glare. After two-way 
factorial analysis of variance (ANOVA), it was found statistically significant interaction 
(p=0 and p<0.05) between glare rating score and all the parameters investigated in 
Experiment 1. For luminance, it is obvious that average glare rating score increases as the 
glare luminance increases. For the size of LED matrix, the glare rating score increases as the 
size increases. For background luminance, the sensation of glare in dark background is 
stronger than in bright background when other conditions are all the same. For the LED 
positioned angle above the sight line, the sensation of glare increases with the decrease of 
angle. 

For Experiment 2, the most important parameter discussed here is the non-uniformity of 
LED lighting source. After two-way factorial analysis of variance (ANOVA), the results 
indicate statistically significant interaction (p=0.002 and p<0.05) between glare rating score 
and LED non-uniformity, or uniformity of LED pattern. Glare rating score increases with an 
increase of contrast between the inner and outer luminance. In other words, the discomfort 
glare increases as the increase of non-uniformity level. 
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Table 2. R value in different conditions 

 UGR BGI 

Part 1 0.94 0.95 

Part 2 0.84 0.85 

Combined 0.93 0.94 

 

4. CONCLUSIONS 

Two experiments investigating the relation between human sensation of glare and physical 
parameters of LED luminance, matrix size, background luminance, LED positioned angle 
above the sight line and non-uniformity were conducted. After data analysis, some important 
phenomena have been discovered. Firstly, all five parameters had significant impact on glare 
perception. Secondly, although UGR and BGI models can predict the combined glare data 
to some extent, there are still some rooms for improving in predicting non-uniform patterns. 
A new model is required by taking non-uniformity arrngments of LEDs into consideration.  
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ABSTRACT
a  t e co o r ren ering in e   ro o e   t e nternationa  ommi ion on 

mination  a  een e  a  t e criterion to e a ate t e co o r ren ering ro ertie  o  a 
ig t o rce ince  o e er  recent t ie  a e o n t at ercei e  co o r a itie  o  ne er 

 ig t o rce  are not e  re icte   a  ario   a e een e e o e  ic  a  
c aim t at t e  er orm etter t an a  e aim o  t i  re earc  i  to e a ate t e er ormance o  
i erent ni orm co o r ace  S  an  a ai a e  

With this in mind, a psychophysical experiment was carried out. Nine pairs of light sources were 
prepared, each including a reference and a test light source at three correlated colour temperatures 

   an    t e re erence o rce  it  ig  a  ere ro ce  
 a c anne   minaire  i e t e te t o rce  inc e  t o categorie  con entiona  o rce  
c  a  an incan e cent am   ore cent am   an   an   o rce  it  

i erent a e e   in a e i t  ie ing ca inet  
 i ot e eriment a  fir t con cte  to matc  t e gre  ac gro n  in t e re erence ie ing 

ca inet an  t at in t e te t ie ing ca inet  om aring t e mea re  ata o  t e t o ac gro n  an  
i a  con ition  it a  confirme  t at t e re t  rom t e   tan ar  co orimetric o er er 
er orme  etter t an t o e rom t e   one

irt  am e  ere e ecte  a e  on ario  e i ting co o r ren ering am e et  c  a  
t o e e   a  S an   e  a  a goo  co erage in  co o r ace  ac  
am e a  a fie  i e o   egree  i e  am e i e o   cm   cm at a ie ing i tance o   cm

en o er er  artici ate  in t e main e eriment  e  ere a e  to ie  t e t o i entica  
am e  re ente  n er t e te t an  t e re erence ig t o rce in t o ie ing ca inet  re ecti e  
ac  o er er a  a e  to a e  t e co o r i erence o  t e air o  am e  accor ing to a gre  

scale. Percentages of individual colour difference components (lightness, chroma and hue) were 
a o e timate  or eac  air o  ig t o rce  o r am e  ere a e e  t ice  eac  o er er to 
in e tigate t e o er er  re eata i it  ere ore  in tota   a e ment  ere acc m ate   

e tion    am e    te t o rce   o er er  
e re t  ere e  to te t i erent S  inc ing    an  

CAM02-UCS, respectively. The calculated colour differences were compared to the visual colour 
i erence  n er t e o rce  t ie  e re t  o e  t at S ga e t e con i tent  e t 

performance among all UCSs. 
i erent  ere a o te te  ing t e re ent ata  inc ing a  S  

S  an   t a  o n  t at a   ga e imi ar er ormance an  S margina  
outperformed the others using the average colour difference in each pair of light sources. However, 

 ic  i  a e  on S co o r ace  or e  e t on e a ating co o r fi e it  o  
light sources comparing with individual predicted colour rendering and perceived colour difference 

a e  o  a  co o r fi e it  a e  mo e  er orme  etter t an t o e co o r re erence mo e  
c  a    co o r gam t in e
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ABSTRACT 

The goal of this study is to investigate the performance of various uniform colour spaces 
(UCSs) and colour rendering indices  for evaluating colour rendering quality of light 
sources. An experiment was carried out to include colourful test samples and light sources 
of different types and correlated colour temperatures (CCTs). Ten o er er  participated to 
view identical samples ace  in t o ca inet  under a pair of sources respectively, and 
judged their colour difference according to a grey scale. The results indicated that CAM02-

S ga e t e e t correlation with the visual results among all the UCSs te te  t a  a o 
concluded that all the colour fidelity indices gave similar performance and they 
outperformed colour preference indices in predicting the visual results. 

1. INTRODUCTION 

o o r en ering n e   i  one o  t e mo t im ortant criterion . -Ra is the only 
internationally accepted measurement for evaluating the colour rendering properties of a 
light source. t a  ro o e   t e nternationa  ommi ion on mination  in 

 an  a  een i e  em o e  in t e ig ting in tr  o e er  recent t ies have 
o n t at ercei e  co o r a itie  o  ne er  ig t o rce  are not e  e cri e   

-Ra  e ro em ma  ari e due to ome ra ac  a ociate  it  -Ra, such as the 
use of low saturated test samples, the outdated colour space and chromatic adaptation 
tran orm  ence  ario  ne   a e een e e o e  to update t e re ent -Ra.  

n or er to recommen  one  as a new method for measuring and specifying colour 
rendering, many researchers have focused on investigating the performance o  ne   
Li et al. (2011) conducted an experiment using 15 coloured textile samples placed in two 
ca inet  n er i e ig t o rce  i e o er er  e a ate  t e c ange o  co o r 
appearance of samples according to a grey scale. They concluded that an in e  a e  on 
CAM02- S ga e t e e t er ormance   imi ar e eriment one  S n or an  
Schanda (2006) a o o e  t at  co o r a earance mo e  ro i e  e t 
correlation with visual conditions. Boissard et al. (2014) also performed the experiment 
using a paired comparison method and o er er  to a e  e era  a ect  o  co o r a it  

eir re t  in icate  t at ercei e  co o r i erence  ere etter ea t  t e 
 ni orm o o r S ace S  nat ra ne  a  e  e cri e   co our 

i e it  in ice  an  co o r ne  a  e  e cri e   gam t a e  in ice  

i  a er e cri e  an e eriment con cte  in a ar  room it  an aim to e a ate 
t e er ormance o  e i ting S  an   
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2. EXPERIMENTAL 

2.1 Apparatus 

ree ie ing ca inet  ace  i e  i e ere used in the experiment. The walls and 
ottom o  t e e ca inet  ere ainte  in me i m gre  matt aint  ic  a   

values of 53, 1.0 an   or  a  an   a e  re ecti e  measured under D65 and 
  tan ar  co orimetric o er er. ne ca inet a  a eri i e ca inet  ro i ing 

tra itiona  ig t o rce  inc ing ore cent am  an  a t ng ten  Another one was 
equipped with a 16-c anne   i minator name  e e men ig t e icator  ic  
was supplied  e e men imite  ia i it  om an  in S  e third one was 
i minate   a e - i t t na e  c ter  i   c ter inc e   
monoc romatic  an  one ite . Figure 1 plots their SPDs. The desired CCT, 

minance e e  an  -Ra value co  e ac ie e   a ting t e inten it  o  each 
  

 
Figure 1: SPDs of 11 LEDs. 

2.2 Pilot Experiment 

The so-called ‘test-sample method’ adopted in t i  e eriment re ire  o er er  to 
evaluate colour difference of identical samples illuminated  a re erence an  a te t light 
o rce  a e  on t i  t e gre  ac gro n s o  t o ca inet  or a a tation o  e 
i a  a i e  o e er  it a  o n  t at t e ottom co o r o  t o ca inet  oo e  ite 

different while they had almost the same physical properties (CCT, luminance and 
c romaticit  coor inate  e ro em ari e  in art rom t e e - no n ortcoming o  
V(λ) function, or 2° y co o r matc ing nction  i e  it a  in icient energ  in t e e 
end of spectrum. 

  i ot e eriment a  t ere ore con cte  to matc  t e gre  ac gro n  in t e 
ca inet i minate   re erence ig t o rce  and that illuminated  te t sources. Five 
o er er  artici ate  in t i  i a  matc ing e eriment  Telelumen was adjusted 
accroding to each observer’s assessments to o tain a i a  matc e  re erence ig t 
source.  

Nine visually matched reference light sources were o tained. Afterwards, the matched 
t o gre  ac gro n  n er a air o  ig t o rce  ere mea re   a  S ec o  
1211uv spectroradiometer (called TSR hereafter). Spectral measurements were carried out 
under 0o:45o geometry. ig re  a an   ot t e in i i a  re t  o  a target o   in 
u’v’ diagram calculated in 2o and 10 o o er ers respectively. t can e een t at t e points 
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are closer to t e target in ig re  t an in ig re a  i  in icate  t at   or o 
tan ar  co orimetric o er er er orme  etter t an t at o   or o. n a ition  t e 
i tance et een  air  o  ig t o rce  in ’v’ chromaticity diagram were calculated and 

t e i erence  et een t e mean an  eac  in i i a  ere averaged  i  i  no n a  
MCDM (mean from colour difference of the mean) method. The MCDM values are 0.004 
and 0.003 using  an   o er ers respectively. This is again con irme  t at   
tan ar  co orimetric o er er er orme  etter t an   tan ar  one  

  
(a)                                                                          (b) 

Figure 2: u’v’ chromaticity diagram of visually matched results (a: 2°observer; b: 
10°observer). 

2.3 Experimental Setup and Method 

Nine pairs of light sources were investigated in this experiment. Their SPDs were reflected 
rom a ite ti e o itione  in t e center o  t e ottom o  t e ca inet an  a o mea re   

TSR under the same illumination/viewing geometry  a e 1 lists the engineering data of 
the 18 light sources at     an  ). Note that all the reference light 
sources were et a o t  c m2 luminance higher than their corresponding test light 
sources, in order to have a visual matched rig tne  o  t e ottom r ace n er a air o  
light sources as found in the pilot experiment. This is mainly caused due to the diffuse test 
source and spot reference source used in the experiment. 

Table 1. Colorimetric properties of the 18 light sources. 

Pair 

n m er 

Light sources  Luminance (cd/m2) -Ra 

1 Test/Reference source 2814/2841 153/215  

2 Test/Reference source /3864 /240 84  

3 Test/Reference source 6280/6214 164/221 5  

4 Test/Reference source 2812  161/226 8  

5 Test/Reference source  160  65  

6 Test/Reference source /3886 161/240 86  

 Test/Reference source  162  60  

8 Test/Reference source 6308  161  88  

 Test/Reference source 6322/5883 160/215 64  

 

Thirty samples were chosen from various existing colour rendering sample sets, i.e. 
-Ra  S an   ig re 3 o  t eir i tri tion in  co o r ace  
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which reveals that they gave a satisfactory coverage. All the am e  a  a i e o   cm 
  cm to ten  a o t 5  at the observers’ eyes with a viewing distance of 50cm.  

 
Figure 3: Sample distribution in CIELAB colour space. 

en o er er  (5 male, 5 female) aged from 20 to 34 participated in the experiment. 
e ore t e e eriment  t e  a  a e  t e i ara co o r i ion te t  e i e  t e  a o 

too  art in a ma  training e ion in or er to e familiar with evaluation standards and to 
judge lightness, chroma and hue composition more accurately. 

e o e e eriment a  carrie  o t in a ar  room it o t am ient ig t  a  o n 
in Figure 4a. e ore t e tart o  e eriment  o er er  ere re ire  to a a t to t e ar  
condition for one minute. During this period, they were given an oral instruction of the 
e eriment  er er  were then required to a a t to t e gre  ac gro n s o  t o ca inet  
for one minute. n t e e eriment, according to a grey scale (see Figure 4 ) placed in the 
ca inet o  re erence i minant  o er er  re orte  co o r i erence in term  o  gra e 
values ranged from 1 (large difference) to 5 (no difference). Moreover, percentages of 
individual colour difference were also estimated, such as lightness difference, chroma 
difference and hue difference adding to 100. or eac  o er er  t e e ence  o  am e  
and light sources were all randomised.  

n tota   e a ation  ere acc m ate  i e   e tion    am e    
air  o  o rce    o er er  

 
(a)                                            (b) 

Figure 4: (a) Photo of experimental situation (b) A grey scale. 

3. RESULTS AND DISCUSSION 

3.1 Observer Variability 

nter- and intra-o er er aria i ities ere in e tigate  in term  o  t e tan ar i e  
residual sum of square  S SS  (García et a    o er S SS a e in icate  a 
ma er i er ion an  etter agreement  nter-o er er aria i it  ic  i  a o no n a  

observer accuracy, was calculated between individual observer’s results and mean 
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observer’s results. Meanwhile intra-o er er aria i it  ic  i  a o no n a  o er er 
repeatability, was calculated between each observer’s first and second evaluations for the 
four repeated samples. The results showed that a mean value of 36 ranged from 31 to 46, 
and o   range  rom  to  or t e inter- and intra- o er er aria i itie  re ecti e  
This implies that intra- is slightly smaller than inter- o er er aria i it  a  e ecte  

n a ition  o er er  o e  oor er ormance n er airs of sources 1, 3, and 8. This 
a  main  ca e   t e ig  -Ra a e  or ot  t e re erence an  te t ig t o rce  
e ig er t e -Ra value of test light source, the smaller the perceived colour difference 

i  e  t i  e  no n t at o er er  er orm e  consistently for assessing colour 
i erence o  ma  magnit e  ic  ea  to ig  S SS a e  con e ent  

3.2 UCSs’ performance 

The raw data re orte   o er er  in terms of grade values (1-5) were converted into 
visual colour difference ('  in AB units via a fitted equation. ea  o er er  

o  in  a mo t no ig tne  i erence et een t o i entica  am e  o e er  it a  
o n  in t e i ot e eriment t at o er er  re ire  a ig er minance or t e reference 

sources. Hence, the undesired visual lightness differences were calculated and removed 
from the total colour differences.  

The visual chromatic differences o taine  ere employed to evaluate the performance 
of 4 different uniform colour spaces (UCSs), namely   LUV 
and CAM02-UCS. Firstly, colour coordinates of 30 samples in different UCSs were 
ca c ate  Secon  t e co o r i erence  et een  am e air  n er eac  air o  
light sources were calculated. These calculated colour differences (△ i) were then 
compared with the corresponding averaged visual colour differences (△Vi) of ten 
o er er . As mentioned earlier, 3 pairs of sources with ig  -Ra values were removed 
to ma e re t  more rea ona e. Pearson correlation coefficient (r) was used to indicate 
the agreement et een t e ca c ate  an  i a  co o r i erence . t a  found that 
CAM02-UCS provided the e t correlation  o o e     and 

 t e or t  it  r a ues of 0.58, 0.53, 0.52 and 0.34, respectively. The results 
indicate that CAM02-UCS gave the overall e t er ormance on evaluating colour fidelity 
of light sources. i  a o agree  it  t e re io  or  reported  other researchers (Li 
et al, 2011; S n or an  Sc an a, 2006). 

3.3 CRIs’ performance 

ervers’ visual data were also use  to te t i erent  ic  can e i i e  into t o 
categorie  ne categor  includes colour fidelity a e   name  -Ra  S  -

S an   and the other includes colour preference , namely S  
  an   The mean visual colour difference of 30 samples under each pair of 

light sources was used to represent visual data for that pair of sources. Afterwards, the 
o taine  visual results ere com are  it  i erent  o  eac  te t ig t o rce 
calculated from its SPD. a e 2 summari e  t e er ormance o  eac   in term  o  
pearson correlation coefficient values. 

rom a e 2, it can e een that all the four colo r i e it  a e   ga e imi ar 
good performance in term  o  r a e  range  rom  to . All the fidelity indices 
agreed etter with the perceived colour difference than those of colour preference indices, 
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which gave quite poor correlations  verall, S margina  o t er orme  t e other colour 
fidelity indices. e re t  con irme  t at co o r re erence a e   ga e a  it to t e 
colour fidelity data. 

Table 2. Performance of different CRIs in terms of r values 

 -Ra S     
-CA 

M02UCS 
S  

r values - 08 0.100 0.404  0.028 -0.862 -  -0.  

4. CONCLUSIONS 

A psychophysical experiment was carried out to investigate the performance of various 
S  an   on e a ating co o r i e it  o  ig t o rce  t i  earne  t at a i a  

matc  o  t e gre  ac gro n s et een t e re erence an  te t ie  i  strongly required. 
Also, t e re t  o taine  rom t e erce tion o  co o r i erence re ea  t at test light 
o rce  it  ig  -Ra a e  are not recommen e  to e  ince o er er  are na e to 

scale small colour differences accurately and consistently.  

t was found that CAM02- S corre ate  it  i a  re t  e t among a  t e  S  
tested.  ic  i  e  to ca c ate -Ra  an   a o o e  goo  
performance with slightly o er corre ation  n t e contrary   or e  or t in 
predicting visual results. 

n con i ering ’ performances, all the colour fidelity indices gave similar accuracy 
and outperformed colour preference indices in terms of r values. n t e o e  S 
performed marginally etter t an the other three fi e it  in ice  i e  o e  or t 
prediction of visual results. 
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A Study on the Lighting of Bathroom for the Elderly
i o ng P 1 an ng 2 n i S  2 and in oo  3

1 P  e t  o  rc itect ra  ngineering  ngnam ationa  ni er it  orea
2 a ter o r e  e t  o  rc itect ra  ngineering  ngnam ationa  ni er it  orea 

3 Pro e or  e t  o  rc itect ra  ngineering  ngnam ationa  ni er it  orea

ABSTRACT
 at room i  a ace ere a io ogica  nee  i  ati ie  an  at t e ame time ea t  

care an  recreation are en re  en t o g  it i  re ati e  ma  com are  to ot er ace  ario  
actions are carried out in this space. Therefore, it needs sanitary and functional lighting. Because most 

at room  are c o e  it o t an  in o  t e ro e o  ig ting i  er  im ortant  n artic ar  a 
at room i  a ace ere t e acci ent o  t e e er  i  mo t re ent  re orte  eca e o  eo e  

activities of daily living are closely related with their health conditions and poor vision, it is required 
to e ign ig ting ion con i eration o  t e c aracteri tic  o  t e e er  i ion  n mo t a artment 

i ing  recent  cei ing rece e  irect ig ting a  een in ta e  in a at room    am  
i  eing e  or in oor ig ting  t ere o  e a t  on it  e in a at room  ere ore  t i  
study has investigated optimum illuminance and color temperature ranges for the elderly aged 65 or 
o er again t at room  ere cei ing mo nte  irect  ig ting a  in ta e  or t i  a tota  o  

 te tee   to n er   ear  o  in a erage  ere e amine  n term  o  co or tem erat re  
   an   ere e  i e i minance a  i i e  into t e o o ing i  

categorie            an    e te tee  are a e  a o t t e rig tne  
o  a at room         an  t eir re erre  e e  an  rote t eir an er  
on t e eet  e te t re t  ere ana e  t ro g  e cri ti e tati tic  ignificant i erence te t 
an  m ti e regre ion ana i  n a ition  t e t  re t  ere com are  to t e re io  t ie  
which derived optimum illuminance and color temperature ranges for young adults in their 20-30s.
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1 Ph.D, e t  o  rc itect ra  ngineering  ngnam ationa  ni er it  orea 
2 Master o r e  e t  o  rc itect ra  ngineering  ngnam ationa  ni er it  orea 
3 Pro e or  e t  o  rc itect ra  ngineering  ngnam ationa  ni er it  orea 

ABSTRACT 
n t i  t   a e come  it  t e minance an  co or tem erat re t at are a ro riate or 

e er  eo e o are  or o er  in t e at room o  o e  t at a o t irect  ig t rom 
the ceiling. o come  it  a ig ting en ironment in t e at room ace or t e e er   
com ine  t e eri ie  a ro riate co e o  minance an  co or tem erat re it  t e ana i  o  
the influence from t e e a ation aria e   a re t  t e ig ting en ironment in t e at room 

ace or e er  eo e o are  or o er re ire  t e co or tem erat re o    an  t e 
luminance of 400 lx. 

1. INTRODUCTION 
 at room i  at once a ace or ati ing the physiological needs of humans and a space for 
ea t  care an  re t  i e it  i e i  ma  com are  to ot er nit  o  a o e  it accommo ate  

a ariet  o  e a ior  So  it re ire  anitar  an  nctiona  in  o  ig ting  an  rt ermore  
since mo t at room  are c o e  it o t in o  t e ro e o  ig t oom  e en igger  

oreo er  a  a at room regi ter  t e mo t acci ent  in o ing e er  eo e among a  art  o  
a residential space and visual ageing follows health condition in influencing an elderly person’s 
a i it  to er orm acti itie  o  ai  i ing  ig ting o  e a ie  i e con i ering t e i a  
characteristics of elderly people.  

 o  t e at room  or co ecti e o ing in orea t at i  eing o  or accommo ating 
residents ate  a e irect ig t rie  in t e cei ing  n  a   a  eg n to e a o te  or 
re i entia  in oor ig ting  t ie  o  re ect c  a tren  or at room ace  

 in t i  t   a e come  it  t e minance an  co or tem erat re t at are 
a ro riate or e er  eo e o are  or o er  in t e at room o  o e  t at a o t irect 

 ig t rom t e cei ing  

2. EXPERIMENTAL METHOD 

e i e o  t e at room ace c o en or t e e eriment i    ☓ 2000 (L) ☓ 2000 (H) mm, 
and it incl e  a a  a in  a toi et  a at  t  a mirror etc  e at room inc e  t o iece  o  
irect ig t rie  in t e cei ing  e ig t c o en or t e a  a in an  t e toi et i  rectang ar it  

t e i e o   ☓ 150 mm, while the round-shaped ones use  or t e center a o e t e at  t  an  
a o e t e center o  t e at room a e a iameter o   mm  a  a o ting  

o r i erent e e  o  co or tem erat re re ente  or t e e eriment are     
  an    i e i  e e  o  minance used for it are 100 lx, 200 lx, 300 lx, 400 lx, 

500 lx, and 600 lx. The color temperature was measured using a chroma meter (CL-200, 
Minolta) directly under the experimental light source, while luminance was measured as an 
a erage minance or t e at room ace  in S -point method, using an illuminometer (T-10, 

ino ta  at t e eig t o   cm a o e t e oor  
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Fig 1. Overview of the experimental space           Fig. 2. Composition of the experimental space 
 

Table 1. Physical properties of the rectangular 
ceiling light and spectral distribution 

Color 
temperature  

 
[Ra] 

S ectra  i tri tion 

  80 

 

   

 

   

 

   

 

Table 2. Physical properties of the round shaped 
ones ceiling light and spectral distribution 

Color 
temperature  

 
[Ra] 

S ectra  i tri tion 

   

 

  81 

 

  81 

 

  80 

 

e  ect  o artici ate  in t e e eriment ere at ea t  ear  o  an  e o   
a erage age  o r e o t t e in ence o  an  artificial light sources around including the daylight, 

t e e eriment a  con cte  in a in o e  ace an  in e entia  com ari on  e ect  
ere in tr cte  to a t or  min te to t e ro i e  ig ting en ironment an  t en er a  e re  

the a ro riatene  o  rig t  an  re erence o  m c  re erre  o  t e rig tne  on t e -
point scale (5 points for Very much so, 3 points for So- o a ro riate or rig tne  an   oint or 
Never), while the researcher recorded their responses on the evaluation sheet. 

3. EXPERIMENT RESULTS AND ANALYSIS 
e n lys s o  e ro p er e or e e ory o  r ’ s s s o n n   or ll olor 

temperature levels, respondents found it the most appropriate at 300 to 400 lx, found 500 lx 
ome at rig t  an  o n    er  rig t  n  t e  o n    ome at ar  an   
 er  ar  n er t  in oo   (2014) saw that those respondents in their 20s or 30s 

o n    t e mo t a ro riate a  t e rig tne  or genera  ig ting in t e at room ace  
When compared with the study that surveyed elderly people who are 65 or older, one can see 
that the group of respondents who are 65 or older comes close to the group of those in their 20s 
or  t  re erring imi ar e e  o  rig tne , or demands 100 lx or so more. 

The analysis of the group averages in the evaluative category of re erred’ s s s o n n  4. 
  i  ig  rate  in a  categorie  com are  to t e ot er co or tem erat re e e  an  

nota    i  t e mo t re erre  at  to   no  o n  to e t e a ro riate 
rig tne  e t   in oo   (2014) showed that as the appropriate color temperature 
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gro  o not i erentiate i e  t are imi ar re erence o  co or tem erat re  

 

  

Fig. 3. Analysis of group averages in the 
evaluative category of ‘Bright’ 

 

Fig. 4. Analysis of group averages in the 
evaluative category of ‘Preferred’ 

 

 er orme  -te t  r a -Wallis to see if there exist any significant differences among the 
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Table 3 . Test of statistical significance among levels of luminance at the same color temperature 

Behavior Type of lighting Color temperature 
Statistical significance (P) 

Bright 

General Direct light from ceiling 

  0.000* 
  0.000* 
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  Signi icance e e  e o    
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registered a high correlation coe icient o   2   or t e co e o  actor  
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 er  ar  n er t  in oo   (2014) saw that those respondents in their 20s or 30s 
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When compared with the study that surveyed elderly people who are 65 or older, one can see 
that the group of respondents who are 65 or older comes close to the group of those in their 20s 
or  t  re erring imi ar e e  o  rig tne , or demands 100 lx or so more. 
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antit   categor  re on ent  re erre   to   at t e co or tem erat re o    it  t e 
greate t in ence regi tere  at   an   to   

Table 5. Influence of evaluation variables 

Evaluation criterion 
Multiple correlation 

coefficient (R2) 
Partial correlation coefficient (scope) 

Color temperature Luminance 

Preferred    
 

 

Fig. 5. Analysis of category-specific influence of different evaluation criteria 

4. CONCLUSIONS 

o come  it  a ig ting en ironment in t e at room ace or t e e er   com ine  
the verified appropriate scope of luminance and color temperature with the analysis of the 
influence from t e e a ation aria e   a re t  t e ig ting en ironment in t e 
at room ace or e er  eo e o are  or o er re ire  t e co or tem erat re o  
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Sitting Posture Based Lighting System to Enhance the Desired Mood
n oo 1 aec an  1 and eon eong S 1 

1 e artment o  n tria  e ign  S

ABSTRACT
n t i  t  e ro o e a o t re a e  ig ting tem oc ing on o ice en ironment  

Since one  o t re i  a c e or e ire  moo  e inten e  to e e o  a o t re a e  inter ace t at 
contro  t e a it  o  ig ting   re io  t ie  a e re ea e  t ere are o tima  com ination  o  
illumination and correlated color temperature that can enhance the affective experience of the human. 

n t e em irica  t  e et  an o fice en ironment an  o er e  eo e  o t re  i e 
t e  ere in ario  a ecti e tate  n or er to fig re o t t e itting o t re  e attac e  i  re re 
en or  an  one i tance en or on an o fice c air  rom t e en or  e recei e  t e igna  an  t en 

tran orme  t em into managea e ata t ro g  r ino Proce ing   tota  o   co ege t ent  
ere recr ite  an  t e e eriment a  com ri e  o  t o art  n art  e recor e  eo e  
o t re  ring t e  ere artici ating in t e o o ing o r ta   memori ing or   a ing 
etri   rea ing maga ine artic e  an   ta ing a re t  ac  o  t e e o r ta  ac ire   min te  

to com ete an  a  targete  to a i erent a ecti e  n art  eo e ere not in orme  t at t eir 
itting o t re a  eing recor e  n contrar  in art  e e icit  a e  eo e to ta e a o t re 

t at e t fit  to t e gi en ta  
rom t e em irica  t  e c tere  nine itting o t re  a e  on fi e et  o  ata  c  a  

t e re re o  ea  m ar  i  t ig  an  t e ac re t o  i tance  e c aracteri tic  o  a itting 
o t re ere ig  ominate   t e m ar re re a  e  a  t e ac re t o  or e am e  
or t e ta   t e m ar re re ecrea e  i e t e i tance et een t e ac re t an  o  

increa e  i  in icate  t at eo e are con cio  eaning or ar  en or ing inten i e  
erea  eaning ac  en ta ing a re t  n a ition  i erent  rom o r antici ation  t e i erence 

et een t e con cio  o t re  in art  an  con cio  o t re  in art  i  not o  a tati tica  
ignificance at an a a e e  o   ere ore  e a erage  t e o t re ata rom ot  art  en 
e matc e  t e nine itting o t re  into t e o r ta  t e

ina  e e e o e  a o t re a e  ig ting tem t at mani ate  t e a it  o  an o fice 
ig ting o erate   t e c ange o  one  o t re  aci itate   t e tem  t e i mination arie  
et een  an    an  t e corre ate  co or tem erat re range  et een   an    

i  t  emon trate  o  t e man e a ior can interact it  t e ig ting me iate  t ro g  
emotion.

 

 

Sitting Posture Based Lighting System to Enhance the 
Desired Mood 

n oo ,1 aec an ,1 Hyeon- eong S 1  
1 e artment o  ndustrial Design, S  

ABSTRACT 
As a cue of desired mood, we attempted to identify types of sitting posture when people 
are in o e  in ario  ta  ring t eir or ing o r  ter a ing attached six pressure 
sensors and one distance sonsor to an office chair, we first recorded participants’ postures 

i e t e  too  art in o r i erent ta  From the seven sensors, we gathered five sets 
of data related to the head, m ar  i  t ig  re re an  t e i tance et een t e 
ac re t an  t e o  and then classified them. We derived four types of sitting posture 

t at ere ma e  into t e i erent ta  n a ition  e requested ect  to ta e o e  
t at mig t e ita e or t e eac  o  t e o r ta  t e  n t i  a  e trie  to com are 
t e matc e  et een o t re  an  ta  in natural setting with those in controlled situation. 
The comparison yielded no statistical significance and consequently, we moved on to the 
development of a o t re a e  ig ting tem t at mani ate  t e a it  o  o ice 
lighting and is operated by changes in one’s posture. Facilitated by this system, color 
temperature ranging et een 0   an  0   and illumination ranging et een  lx 
and 00 lx were modulated. This study demonstrates how human emotion can interact with 
ig ting me iate  t ro g  ica  e a ior  

1. INTRODUCTION 
ere a e een eman  or ig er a itie  o  ai  i e  e ten ing t e ro e o  ig ting tem  

 ig ting tem in artic ar  a  ene it  to ea i  contro  it  i mination an  co or tem erat re  
o ering er  i e o i i itie  o  e ira e ighting environment. Thus, efforts are currently 
n er a  to in e tigate t e o tima  ig ting en ironment to en ance t e ta  ro cti it  an  

emotional satisfaction. For example, some studies has conducted a study to determine the proper 
lightings for educational situation ee et a   e o o i . As a cue of desired mood, 
ph ica  e a ior reacted to t e er conte t  a e een t ie  c  a  a tomate  o t re ana i  
for detecting subject’s interest level(Mota and Picard 2003). ecia  when it comes to office, it is 
etermine  t at itting o t re  a e ig  ea i i it  an  can e etecte  ro t  it  en ing 

chair t  et a  . n t i  regar  e aim to examine the ea i i ities of sitting postures as a cue 
of desired mood. Also, we attempt to propose a posture- a e  lighting system focusing on office 
environment that provides optimal quality of lighting for different user contexts.   

2. EXPERIMENTAL PLAN 
n or er to o tain t e antitati e ata en eo e a e i erent sitting postures during 

t eir or ing o r  e anne  an em irica  t   attac ing sensors to an office chair. 
Differently from thoroughly carried out studies on human ergonomics, we tried to reduce 
t e n m er o  en or  a  m c  a  o i e i e minimi ing t e o  o  meaning  ata  
Moreover, we a o inten e  to in  a nergetic matc  et een types of posture and those 
o  ta . Finally we anticipated to map out appropriate lighting contents unconsciously 
modulated by one’s sitting postures.  
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2.1 Participants 
A total of 10 college students participated and their average age was 21.50 years (SD = 

 ear  Their a erage eig t o  0 cm an  eig t o  0 g, and ot  gen er  
were evenly recruited  n or er to re ent a norma  itting o t re ca e   oor e e ig t  
we acquired higher t an  core in e e ig t  o participants should not have experience 
o  a ing treatment or ain o  nec  o er  eg  or arm  

2.2 Experimental Setup 
The experimental room was set up to re em e an office environment. Sitting postures on 
the o ice c air ere o er e  i e articipants were ta ing art in t e gi en ta s 
presented on computer monitor(Figure.1). To identify the postures, we attached six 
pressure sensors and one distance sensor to an office chair. To find the relevant locations of 
sensors we referred to the related research Par  et a   and then covered the chair with 
cotton a ric(Figure 1). While a participant was sitting we received signals from their head, 

m ar  i  t ig  pressure and the signal of ac re t- o  i tance at every  . We 
transformed the signals into managea e ata ti i ing r ino Processing. n a ition  to 
measure t e o  ang e  mar ers ere attac e  on t eir oint o  o er  i  an  nee and 
the side view were recorded. The monitor a  et to e center o  t e artici ant  an  the 

i tance et een t e monitor an  t e e e  a  50 cm. The chair’s height was adjusted 
depending on the participant’  eig t to ee   egree o  nee ang e. To reduce influence 

 lighting, the experiment was conducted under a constant illuminant (5     

 
Figure 1: Experimental environment and Sensor equipped office chair. 

2.3 Experimental Procedure 
The empirical study involved two steps. n art  e o er e  participant’s unconscious 
postures while they were or ing on t e o o ing o r ta   memori ing or   
playing Tetris®   rea ing maga ine articles, and (4) relaxing. emori ing or  was 
for strong attention it  ig  or oa  i e a ing Tetris® game was considered as 
attenti e t it  o  or oa  o  reading simple articles was associated with medium 
level of concentration a  e  a  or oa . As reading material we provided with six 
articles that were nor much informative. Finally, relaxing was expected to release 
artici ant  rom an  t e  o  ta  an  artici ant  ere i tening to meditation music. n 

this way, the fo r ta  ere carefully devised. ac  ta  too  e en min te  until 
complete  an  t e ta  ere gi en in random order(Figure 2). n part 1, participants were 
not informed that their o t re a  eing recor e   

n part 2, on the other hand, the purpose of the experiment was revealed. Participants were 
a e  to consciously ta e o t res t at e t it to the given ta  t e. They sat in different 
positions approximately for 10 seconds and the request was repeated three times in random 
order(Figure 2).  
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Figure 2: Experimental process of part2. 

3. RESULTS AND ANALYSIS 
3.1 Data Extraction 

ter a ing co ecte  t e ata rom ot  art  an   e oc e  on t e re icate  art  
that appeared consistently. n part 1, when participants maintained certain posture for 
longer than 30 seconds, it was considered as one posture. We cropped out the 15 second-
segment from the middle of the posture and then averaged them for each sensor value. 
Finally, a total of 45 segments (t e n m er o  o er e  postures which maintained longer 
than 30 secs) were collected from part 1, the unconscious sitting postures (Figure 3). n 
part 2, e a ie  t e i entica  met o  t o er e  on   econ  Since e re e te  to 
pose three times, we collected a total of 15 second-segment and then averaged them for 
each sensor value. Therefore, 40 segments  ta  × 10 participants) were collected from 
part 2, the conscious sitting postures (Figure 4).  

 
Figure 3: Process of extracting data from part1. 

 
Figure 4: Process of extracting data from part2. 

3.2 Classification of Sitting Postures based on the Sensor Values 
Based on a total of 85 extracted posture segments, we classified them in following four 
in  of postures: (P1) leaning forward (under 85 degree), (P  rig t et een  an   

degree), (P3) upright with the m ar orting  P  eaning ac ar . We distinguished 
P  rom P  eca e of different range of m ar re re. Furthermore, to confirm the 
tati tica  i erence et een o t re t e  we one- a  in e en ent  te t a e  

on the sensor values of each posture. The analysis yielded a statistical significance [F 
    in icating t at eac  o t re can e ro i e  it  a noticea e 

difference. For example, ac re t- o  i tance a  igni icant  igger t an ot er 
postures while participants leaning forward. During upright with the m ar supporting and 
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depending on the participant’  eig t to ee   egree o  nee ang e. To reduce influence 

 lighting, the experiment was conducted under a constant illuminant (5     

 
Figure 1: Experimental environment and Sensor equipped office chair. 

2.3 Experimental Procedure 
The empirical study involved two steps. n art  e o er e  participant’s unconscious 
postures while they were or ing on t e o o ing o r ta   memori ing or   
playing Tetris®   rea ing maga ine articles, and (4) relaxing. emori ing or  was 
for strong attention it  ig  or oa  i e a ing Tetris® game was considered as 
attenti e t it  o  or oa  o  reading simple articles was associated with medium 
level of concentration a  e  a  or oa . As reading material we provided with six 
articles that were nor much informative. Finally, relaxing was expected to release 
artici ant  rom an  t e  o  ta  an  artici ant  ere i tening to meditation music. n 

this way, the fo r ta  ere carefully devised. ac  ta  too  e en min te  until 
complete  an  t e ta  ere gi en in random order(Figure 2). n part 1, participants were 
not informed that their o t re a  eing recor e   

n part 2, on the other hand, the purpose of the experiment was revealed. Participants were 
a e  to consciously ta e o t res t at e t it to the given ta  t e. They sat in different 
positions approximately for 10 seconds and the request was repeated three times in random 
order(Figure 2).  
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eaning ac ar  t e m ar re re a  igni icant  igger t an ot er o t re . 
S e ent , all 85 segments from o er e  o t re  co  e classified in four posture 
types(Figure 5). 

 
Figure 5: Posture classification process and criteria. 

n addition, the Figure 6 illustrates the flow of signal processing to sort out the sensor 
signal into the corresponding postures. 

 
Figure 6: Process of signal to be corresponded to one of the four posture types. 

3.3 The relationship between postures and tasks 
Then we tried to explore whether the postures could e represent the user’s ta  or not. Chi 
test was conducted to compare the frequency of o er e  posture types depending on 
unconscious and conscious ta s. Differently from anticipation  t e i erence et een t e 
unconscious postures in part 1 and conscious postures in part 2 did not show a statistical 
significance at an alpha level of 0.05 in eac  ta  ere ore  the sum of posture frequency 
of ot  art  was used for statistical analysis a e 1). 

Table 1. Posture frequency depending on task types. 

 P1 P2 P3 P4 

(1) emori ing or  11 6 3 3 

(2) Playing Tetris®   5 2 

(3) Reading Articles 4 5 11 2 

(4) Relaxing 0 0 2 20 
 

T e re t  in icate t at o t re  are in ence   t e ta  There was a significant 
a ociation et een t e ta  t e  and the posture types [χ2       ]. 

i e artici ant  ere memori ing or , leaning forward posture was most frequently 
o er e  While playing game, leaning forward posture and upright posture were dominant 
identically. Whereas, during reading articles, upright with the m ar orting posture 
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was quite frequent. n a ition  while relaxing, frequency of eaning ac ar  posture was 
definitely higher than other postures. That is, people are unconsciously and consciously 
eaning or ar  en or ing inten i e  erea  eaning ac ward during relaxing. 

4. DISCUSSION 
4.1 General Discussion  
The empirical study showed sitting postures co  e classified in posture t e  a e  on 
signals. Also, sitting postures appeared differently related to the concentration level of 

or . Since the postures reflect user’s states, it can e e  a  a novel lighting control 
interface. To some disappointment, there was ea  imi arit  et een unconscious and 
conscious postures in memori ing or  out of four ta  types  t co  e a me  t at 
that inten i e or ing ca e  some tiredness and it affected on inconsistent tendency of 
postures. As such, to ma e more re ia e o t re orting a gorit m  accurate an  ta e 
igna  o  en or o  e co ecte  o  more in- e t  t ie  o  e ort while to 

in e tigate t e re ation i  et een itting o t re  an  ta  t e   

4.2 Application of posture based lighting system 
Finally we developed a o t re a e  ig ting tem t at mani ate  t e a it  o  o ice 

 ig ting an  i  o erate   c anges in one’s posture. As previous studies have 
revealed there are optimal com inations of color temperature and correlated illumination 
that can enhance people’s affective experience. They demonstrated that higher color 
tem erat re   er    i  more activating in the point of mental level 

eg c i an  Sato  and low color temperature lighting creates a lowering of central 
nervous system activity(Nog c i an  Sa ag c i  n a ition  t e efficiency of 
learning increases under high color temperature and high illuminance lighting, whereas the 
lighting of low color temperature and low illuminance was proper for relaxing(Lee et al. 

 e o o i . Consequently, for the concentration required activities, high 
color temperature - high illuminance lighting condition is needed to users, on the other 
hand, low color temperature - low illuminance lighting is suggested for relaxation. 

Figure 8: Four scenarios of posture-based lighting system.  
Through the previous researches and the real demonstration n er ig  ren ering  

am ient ig ting room  the modified i mination range  et een  lx and 0 lx, and 
corre ate  co or tem erat re  range et een 0   an  0   After real-time posture 
classification  r ino Processing, color temperature and illuminance o   ig ting 
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can e a te  to offer desired mood of users. Thus, optimal lighting presets or eac  ta  
can e ro ce   one’s posture. Four representative lighting scenarios were generated as 
follow: (1) for the strong attention with eaning or ar  o t re    -   lighting 
will apply, (2) for the attentive ta  such as playing game with upright posture,  - 
600 lx lighting will apply, (3) for the medium level of concentration in daily life i e 
rea ing   - 600 lx will apply, and (4) for the relaxation   - 300 lx lighting will 
apply. Ultimately, this system might increase intuitiveness and no tr i ene  of lighting 
control interface for office environment. Furthermore, with the larger n m er o  
participants, more accurate posture classification algorithm should e e e o e . Also the 
verification experiment i  e con cte  in these posture- a e  ig ting cenario .  

5. CONCLUSION 
This study investigates the ea i i it  o  o t re c a i ication a e  on im e en or 
equipped chair. Through the experiment, it was determined that postures of users are 
related to different concentration level o  ta . Also, there is no significant difference 
et een unconscious and conscious sitting postures from identical ta  Wide o i i it  

of automated indoor lighting system to provide desired mood using sitting postures was 
explored. The empirical findings o  t i  re earc  can e ti i e  for interaction et een 

man emotion an  ig ting me iate  t ro g  ica  e a ior. 
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Colour Lighting Based on Chromatic Strength
or   et i  an  o e S  

a a i ectric o  t

ABSTRACT
mergence o  co o r  ig ting a  increa e  o ort nitie  to i minate to er  ri ge  

mon ment  etc  it  i i  co o re  ig t  n it  tec nica  re ort   i e or oo ig ting  t e 
nternationa  ommi ion on mination  efine  t e recommen e  minance or i minating 

an o ect it  ite co o r ig t c  a  merc r  am  an  ig re re o i m am  a   c m2 
oor  it one   c m2 a erage one  an   c m2 rig t  it one  accor ing to t e minance 

of the surroundings. However, it does not define recommended illuminance and luminance for 
i minating t e o ect it  co o re  ig t   a re t  it i  im o i e to ea i  ca c ate t e antit  
o  ig t re ire  or gi ing t e ita e a earance

ccor ing  e con cte  a matc ing e eriment on t e o ect i minate  it  ite
co o r ig t an  t e o ect i minate  it  co o re  ig t  or in ing t e minance ratio  en 
t e ot  o ect  are ercei e  a  a ing e a  trengt  an  eri e  recommen e  minance or 
co o r ig ting  S eci ica  e re ente  a tim  ing ite co o r ig t to e re erre  to a  
t e ite co o r tim  an  t at ing co o re  ig t  to e re erre  to a  t e c romatic tim  
to t e ect  e ect a  a o e  to ree  a t t e minance LC of the chromatic stimulus 
with a dimmer at hand until he or she perceives as the strength equal to the white-colour stimulus of 
luminance LW  e in tr cte  to t e ect  t at t e trengt  a  a conce t com ining rig tne  an  
con ic o ne  ter matc ing a  com ete  e mea re  t e minance LC of the chromatic 
tim  an  re ente  a i erent c romatic tim  to ma e matc ing   a re t  e o n  t at t e 

recommended luminance LC or co o r ig ting can e e re e   a aria e i ering e en ing on 
the u’v’ c romaticit  o  t e i minate  o ect

n a ition  e con cte  a erification e eriment to confirm et er eri e  recommen e  
minance i  ti i e  or act a  ig ting e ign  n etai  e con cte  an e eriment to con irm 
et er t e o ect i  e a  con ic o  en t e o ect i  i minate  it  i erent co o re  ig t  

to t e i entica  trengt  e eri ie  t at t e recommen e  minance or co o r ig ting can e 
ti i e  or act a  ig ting e ign

 

 

Colour Lighting Based on Chromatic Strength 
Toru KITANO, Tetsuji YAMADA, Kosuke OSHIMA 

Iwasaki Electric Co., Ltd.  

ABSTRACT 
In its technical report CIE 94: Guide for Floodlighting, the International Commission on 
Illumination (CIE) defines the recommended luminance for illuminating an object with 
white-colour light. However, it does not define recommended luminance for illuminating 
an object with coloured light. Accordingly, we conducted a matching experiment on the 
object illuminated with white-colour light and the object illuminated with coloured lights, 
for finding the luminance ratios when the both objects are perceived as having equal 
chromatic strength, and derived recommended luminance for colour lighting. As a result, 
we found that the recommended luminance for colour lighting can be expressed by a 
variable differing depending on the u'v' chromaticity of the illuminated object. In addition, 
we conducted a verification experiment to confirm whether derived recommended 
luminance is utilized for actual lighting design. In detail, we conducted an experiment to 
confirm whether the object is equally conspicuous when the object is illuminated with 
different coloured lights to the identical chromatic strength. We verified that the 
recommended luminance for colour lighting can be utilized for actual lighting design. 

1. INTRODUCTION 
Emergence of full-colour LED lighting has increased opportunities to illuminate towers, 
bridges, monuments, etc. with vivid coloured lights. In its technical report CIE 94: Guide 
for Floodlighting, the International Commission on Illumination (CIE) defines the 
recommended luminance for illuminating an object with white-colour light such as 
mercury lamp and high-pressure or low-pressure sodium lamp as 4 cd/m2 (poorly lit zones), 
6 cd/m2 (average zones) and 12 cd/m2 (brightly lit zones) according to the brightness of the 
surroundings. However, it does not define recommended illuminance and luminance for 
illuminating an object with coloured light. As a result, it is impossible to easily calculate 
the quantity of light required for giving the suitable appearance. 

Accordingly, we conducted a matching experiment on the object illuminated with white-
colour light and the object illuminated with coloured lights, for finding the luminance 
ratios when the both objects are perceived as having equal chromatic strength, and derived 
recommended luminance for colour lighting. 

2. DERIVATION OF THE RECOMMENDED LUMINANCE  

2.1 Matching Experiment 
Figure 1 shows a schematic diagram of experimental equipment. The subjects included 

10 males and females in their 30s to 40s with normal colour vision. 

To begin with, the subject sits in the chair in a dark room and observes black paper of 
luminance LB located in front for 5 minutes to adapt his/her eyes. As shown in Figure 1, the 
black paper is provided with two right and left circular holes opened symmetrically by the 
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center of the visual field beforehand, which are covered with the same kind of black paper 
during adaptation. There is a white wall ahead of the black paper, and the left portion of the 
wall viewed from the subject is uniformly illuminated with white-colour light of correlated 
colour temperature 5,000 K, and the right portion of the wall is uniformly illuminated with 
coloured light. A partition is installed at the center of the white wall so that right and left 
light will not be mixed. 

 
Figure 1: Schematic diagram of experimental equipment. 

After the adaption, the black paper covering the holes is removed to present to the 
subject a stimulus by white-colour light (to be referred to as the white-colour stimulus) and 
that by coloured light (to be referred to as the chromatic stimulus) through the holes. When 
observing both stimuli, the subject was instructed to swing his/her face to the right and left 
to look at the center of the right and left stimuli. The subject was allowed to freely adjust 
the luminance LC of the chromatic stimulus with a dimmer at hand until he or she perceives 
as the strength equal to the white-colour stimulus of luminance LW. The subjects were 
taught that the strength was a “concept combining brightness and conspicuousness.” After 
matching was completed, the then luminance LC of the chromatic stimulus was measured 
and a different chromatic stimulus was presented again to make matching. 

  
Figure 2: u’v’ chromaticity of the white-colour and chromatic stimuli. 

Figure 2 shows the u’v’ chromaticity of the white-colour and chromatic stimuli. Totally 
17 colours were used for the chromatic stimuli. Assuming the same 3 conditions as in the 
CIE94, 4, 6 and 12 cd/m2, for the luminance LW of the white-colour stimulus, the then 
adaptation luminance LB was assumed to be 5% of LW (0.2, 0.3 and 0.6 cd/m2, 
respectively). The viewing angle θ of the presented stimuli assumed 3 sizes of 5°, 15° and 
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30°. This viewing angle was determined, assuming a situation to view an illuminated 
object from near, medium and far distances. The matching experiment was conducted in 3 
times for each different luminance LW of the white-colour stimulus, and matching was 
implemented 153 times in total (17 colours × 3 conditions × 3 sizes). 

2.2 Experimental Results 
Figure 3 shows the results of the log(LW/LC) values, that of the luminances LC of the 
chromatic stimuli perceived as equal strength to the white-colour stimulus at LW = 4 cd/m2 
and θ = 5°, in the form of a box plot. Nos. 1 to 17 in Figure 4 are common with Figure 2.  

 
Figure 3: Results of the log(LW/LC) values. 

The LW/LC ratios are proportional to the strength of that chromatic stimuli (to be referred 
to as the chromatic strength) and indicate that the chromatic stimuli are higher chromatic 
strength than the white-colour stimulus in case of LW/LC > 1.0, and they are lower 
chromatic strength than the white-colour stimulus in case of LW/LC < 1.0. According to 
Figure 3, the colour with the highest chromatic strength among Nos. 1 to 17 was No. 11, 
blue, and that with the lowest chromatic strength was No. 4, yellow. Also, among 
chromatic colours with the same dominant wavelength (for example, Nos. 11, 12 and 13), 
Figures 2 and 3 show that the one with higher excitation purity (No. 11 in this case) was 
the higher LW/LC ratios, and higher chromatic strength. This phenomenon was the same as 
the Helmholtz-Kohlrausch phenomenon in which the brightness of a perceived colour 
changes when the excitation purity is increased. These results showed a similar tendency in 
the experimental results with the different luminance LW of the white-colour stimulus and 
different viewing angle θ of the presented stimulus. 

As shown in Figure 3, the results of the LC/LW ratios varied greatly among the subjects 
depending on the chromatic colours. If the recommended luminance for colour lighting is 
derived, assuming the average value of the LC/LW ratios of the 10 subjects to be a 
representative value, the recommended luminance could be too low for about half of them. 
Accordingly, this study attempted to derive the recommended luminance for colour 
lighting, assuming the third quartile of the results to be the representative value of the 
LC/LW ratios. 

2.3 Derivation of the Recommended Luminance 
The CIE recommends the empirical formulas (1) and (2) which compare the brightness of 
the luminance L1 and L2 of different colours. Formula (1) represents the brightness by a 
correction coefficient f consisting of luminance and xy chromaticity. When Formula (1) 

 

 

center of the visual field beforehand, which are covered with the same kind of black paper 
during adaptation. There is a white wall ahead of the black paper, and the left portion of the 
wall viewed from the subject is uniformly illuminated with white-colour light of correlated 
colour temperature 5,000 K, and the right portion of the wall is uniformly illuminated with 
coloured light. A partition is installed at the center of the white wall so that right and left 
light will not be mixed. 

 
Figure 1: Schematic diagram of experimental equipment. 

After the adaption, the black paper covering the holes is removed to present to the 
subject a stimulus by white-colour light (to be referred to as the white-colour stimulus) and 
that by coloured light (to be referred to as the chromatic stimulus) through the holes. When 
observing both stimuli, the subject was instructed to swing his/her face to the right and left 
to look at the center of the right and left stimuli. The subject was allowed to freely adjust 
the luminance LC of the chromatic stimulus with a dimmer at hand until he or she perceives 
as the strength equal to the white-colour stimulus of luminance LW. The subjects were 
taught that the strength was a “concept combining brightness and conspicuousness.” After 
matching was completed, the then luminance LC of the chromatic stimulus was measured 
and a different chromatic stimulus was presented again to make matching. 

  
Figure 2: u’v’ chromaticity of the white-colour and chromatic stimuli. 

Figure 2 shows the u’v’ chromaticity of the white-colour and chromatic stimuli. Totally 
17 colours were used for the chromatic stimuli. Assuming the same 3 conditions as in the 
CIE94, 4, 6 and 12 cd/m2, for the luminance LW of the white-colour stimulus, the then 
adaptation luminance LB was assumed to be 5% of LW (0.2, 0.3 and 0.6 cd/m2, 
respectively). The viewing angle θ of the presented stimuli assumed 3 sizes of 5°, 15° and 

275
AIC2015 TOKYO - Color and Image



 

 

holds, L1 and L2 are of the same brightness. When the xy chromaticity is D65 (0.313, 
0.329), f = 0 holds. 

log ( L1 ) + f1 = log ( L2 ) + f2             (1) 

f = 0.256 - 0.184y - 2.527xy + 4.656x3y + 4.657xy4        (2) 

Then, it is assumed that the luminance L1 of Formula (1) is the luminance LW of the 
5,000 K white-colour stimulus, and that the luminance L2 is the luminance LC of the 
chromatic stimulus. Furthermore, if f = 0 holds in case of the 5,000 K white-colour 
stimulus, Formula (1) can be expressed as Formula (3), using the new correction 
coefficient f ’. Since f ’ = log (LW/LC) is allowed by deforming Formula (3), a regression 
Formula (4) for calculating the correction coefficient f ’ was obtained by multiple 
regression analysis, assuming log (LW/LC) values obtained from the experimental results to 
be explained variables and variables consisting of the u’v’ chromaticity of the chromatic 
stimuli to be explanatory variables. 

log ( LW ) = log ( LC ) + f ’            (3) 

f ’ = 1.023 - 2.79v’ + 46.1u’v’3 + 141u’3v’2 - 196u’2v’3      (4) 

LC = LW / 10 f ’                  (5) 

If Formula (3) is deformed, the recommended luminance LC for colour lighting can be 
expressed by Formula (5). Now, suppose based on the CIE 94 that the recommended 
luminance LW for illuminating an achromatic object with 5,000 K white-colour light has 3 
levels 4 cd/m2, 6 cd/m2  and 12 cd/m2, the recommended luminance LC for colour lighting 
can be presented in Table 1. Figure 4 shows the relations between 10 f ’ values and u’v’ 
chromaticity coordinates. It is seen that the recommended luminance LC for colour lighting 
is a variable differing depending on the u’v’ chromaticity of the illuminated object. 

 

Table 1. Recommended luminance  for colour lighting. 

 

 
Figure 4: Relations between 10 f ’ values and u’v’ chromaticity coordinates. 
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3. VERIFICATION OF THE RECOMMENDED LUMINANCE 

3.1 Verification Experiment 
A verification experiment was conducted to see whether derived recommended luminance 
based on chromatic strength for colour lighting is utilized for actual lighting design. In 
detail, an experiment was conducted to see whether the object is equally conspicuous 
regardless of light colour when the object is illuminated with different coloured lights to 
the identical chromatic strength. The subjects included 6 males and females in their 20s to 
40s with normal colour vision.  

 
Figure 5: Schematic diagram of verification experiment.  

The verification experiment was conducted on the factory campus passage at night. 
Firstly, a white wall sized to 2.7 m in length and 1.8 m in width was installed at the height 
of 1.3 m above the passage as an illuminated object as shown in Figure 5. And, the subjects 
were positioned 20 m away from the white wall. At this time, the viewing angle is 8  
vertically × 5° horizontally. Next, using the full-colour LED floodlight used in the 
matching experiment, the white wall was alternately illuminated with white-colour light of 
correlated colour temperature 5,000 k (No. 0 in Figure 2) and coloured lights (Nos. 1, 3 to 
5, 7 to 15, and 17 in Figure 2). The coloured lights used in the verification experiment were 
14 colours optionally selected from all 17 kinds of coloured lights used in the matching 
experiment. When this is done, two patterns of lighting were performed; an equal-
luminance lighting pattern to illuminate so that the overall luminance of the white wall will 
be 12 cd/m2, and an equal-strength lighting pattern to illuminate so that the whole white 
wall will be 12/10f ’ [cd/m2] (the luminance of the white wall illuminated with white-colour 
light is same 12 cd/m2). The subjects evaluated the impressions of all 14 colours in the two 
lighting patterns, respectively, using the 7-level evaluation scale (-3: Do not feel so 
strongly, -2: Do not feel so, -1: Do not rather feel so, 0: No opinion, 1: Rather feel so, 2: 
Feel so, 3: Feel so strongly), in response to the question, “Is the white wall illuminated with 
coloured light more conspicuous than when illuminated with white-colour light?” 

3.2 Results and Discussion 
Figure 6 shows the results of the verification experiment. The results are the average value 
of 6 subjects and shown in bar graphs with a standard error. In the equal-luminance lighting 
patterns in Figure 6, the evaluation results varied between -1 to 3 in all 14 colours. 
Particularly, the evaluation of No. 1 (red), No. 5 (green), No. 11 (blue) and No. 14 (purple) 
resulted in 2 or above. These results are generally consistent with those of the matching 
experiment. In the equal-strength lighting patterns on the other hand, the evaluation results 
concentrated between -1 to 1 in all colours except for No. 5 (green) in Figure 6. As 
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Figure 4: Relations between 10 f ’ values and u’v’ chromaticity coordinates. 
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mentioned above, it was confirmed that if the object was illuminated to the identical 
chromatic strength, the object illuminated with white-colour light and coloured light 
respectively could be controlled to the same extent of conspicuousness. Because the white 
wall illuminated with No. 5 (green) coloured light is significantly more conspicuous than 
when illuminated with white-colour light, however, improvement of Formula (4) has to be 
also examined in the future. From a viewpoint of the characteristics of arranged 
illumination, however, it is presumed that illumination resulting in sufficient 
conspicuousness will not be a practical problem. Based on the above-mentioned results, the 
recommended luminance for colour lighting can be utilized for actual illumination design. 

 
Figure 6: Results of the impression evaluation. 

3. CONCLUSIONS 
The matching experiment was conducted to obtain the luminance LC of the chromatic 
stimulus perceived as equal strength to the luminance LW of the white-color stimulus of the 
correlated colour temperature 5,000 K. Based on the obtained results of the LW/LC ratios, 
the 3-level recommended luminance for colour lighting was derived as shown in Table 1. 
Since every colour has different chromatic strength, the recommended luminance for 
colour lighting is a variable to be calculated from the u’v’ chromaticity of the illuminated 
object. As shown in Figure 4, the blue colour region has the highest chromatic strength and 
the yellow colour region has the lowest. For this reason, the blue colour region is the lowest 
recommended luminance and the yellow colour region is the highest. It was verified 
whether the derived recommended luminance based on chromatic strength for colour 
lighting can be utilized for actual illumination design. The white wall was illuminated with 
14 different colour light to evaluate its conspicuousness. As a result, the white wall 
illuminated with white-colour light and coloured light respectively could be controlled to 
the same extent of conspicuousness. 
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In ence  to Color Con tancy y earin  t e O tical Dic romatic 
Filter or the Aged Lens Filter

under Static and Rapidly-changed Colored Illuminations.
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ABSTRACT
man eing  a e an a i it  to e timate an origina  co or o  an o ect regar e  o  co or o  

a illumination, that is called as color constancy. The color constancy also exists on red-green color 
eficient o er er   e  a et a   ere are man  arg ment  a o t mec ani m  o  co or 

con tanc  an  it a  not een con irme  et   in t e roce  o  in e tigating t e mec ani m  
e trie  to e a ate e ect  to co or con tanc   innate a a tation an  earning in co or eficienc  

an   t e ong term a a tation in aging  i  e a ation co  e ma e  mea rement o  t e 
co or con tanc  on a co or norma  o er er earing t e nctiona  fi ter  ne fi ter a  t e o tica  

ic romatic fi ter  ariantor  to  tica  n tria  o  ic  i  t e nctiona  ectra  fi ter 
im ating t e co or i crimination o  ic romat  or co or norma  o er er  e ot er fi ter a  t e 

age  en  fi ter  Sim ation i ter  o  an ge  man en   eomatec o  im ating t e age
re ate  oc ar en  en it  o   ear  o  er on or  ear  o  o er er  e co or norma  o er er 

earing one o  t e e fi ter  o  a e e o erce tion o  ic romat  or e er er on  t e or 
she could not have the innate or long-term adaptation and learning. We additionally used the rapidly-
changed colored illumination which changes illumination color in every 5 seconds in the order of 
Red-White-Blue-White- (or reversal order). Under this rapidly-changed colored illumination, we 
e ecte  t at t e ort term a a tation on rie  t e o  a a tation  in t e o i e mec ani m o  
co or con tanc  e ecia  at retina  o  e minimi e  era  e e ecte  t at t e e erimenta  
con ition o  t i  re earc  o  e t e e treme ca e i torting t e co or con tanc  e ect   t e e 
rea on  t i  t  o  a e t e ot er r o e t at e o  e a e to e timate t e ma im m 
i erence o  co or con tanc  et een ic romat  e er  eo e an  o ng co or norma  o er er

n t i  t  e er orme  t o e eriment  n eriment  e er orme  categorica  co or 
naming   a ic co or  ite  ac  re  green  e o  e  ro n  orange  r e  eac  a  
or tica  Societ  o  merica ni orm o or Sca e   c i  n er one o  i mination  rig t 

white (223 cd/m2 on a tan ar  ite ate ace  at a co or c i  tan  ar  ite  re  an  e 
a o t  c m2) lights. The categorical color naming was made four times on one chip under one 

o  t ree tate  earing no i ter  t e ic romatic i ter  or t e age  en  i ter  n eriment  e 
e   c i  at  an   o  S  ni orm o or Sca e  n er t e ra i c ange  co ore  

i mination  at  econ  inter a  an  ot er con ition  ere i entica  it  eriment 
n eriment  n er t e con ition o  earing t e ic romatic i ter  e o er e  t ica  

c ange  in t e re t o  t e categorica  co or naming  t at can e re icte   e ect  o  t e ic romat 
filter under each illuminant’s colors and it means that we could not find any distortion of color 
con tanc  itiona  e o n  t at a mo t no c ange in co or con tanc   earing t e age  en  
fi ter  in t e mea rement  t e categorica  co or naming  n eriment  t e re t a  a mo t t e 
ame it  t e re t o  eriment  e acc rac  o  co or con tanc  ecame or e  t t e ten enc  

o  co or naming  a  a mo t t e ame et een tatic an  ra i c ange  co ore  i mination  e 
re t  o  t i  t  in icate t at t e co or con tanc  at ea t a  ong a  mea re   t e categorica  
co or naming  i  ro t again t t e c ange o  ectra  i tri tion o  re ecte  ig t  rom o ect  

 i ter  an  ra i  c ange o  i mination co or  t ort  t at co or con tanc  trong  re ect  
t e ig er or er rain roce ing i e e timation o  i mination  rat er t an t e im e ort term 
adaptation effect at retina.

 

 

Influences to color constancy by wearing the optical 
dichromatic filter or the aged lens filter                     

under static and rapidly-changed colored illuminations. 
Mio S ,1 ei S ,2  ei o S ,2 

1 n ormation S tem  ngineering ourse, ra ate Sc oo  o  ngineering  oc i 
University of Technology  

2 Sc oo  o  n ormation  oc i ni er it  o  ec no og  

ABSTRACT 

man eing  a e an a i it  to e timate an origina  co or o  an o ect regardless of color 
of a illumination, that is called as color constancy. ere are man  arg ment  a o t 
mec ani m  o  co or con tanc  an  it a  not een con irme  et  The color constancy 
also exists on red-green co or e icient o er er   in t e rocess of investigating the 
mec ani m  e trie  to e a ate e ect  to co or con tanc   innate a a tation an  
earning in co or e icienc  an   t e ong-term adaptation in aging. We especially tried 

to estimate whether t i  e a ation co  e ma e  measurement of the color constancy 
on a co or norma  o er er earing t e nctiona  i ter ; the optical dichromatic filter and 
t e age  en  i ter  e co or norma  o er er earing one o  t e e i ter  o  a e 
simulated perception of dichromats or el er er on  t e or e co  not a e t e innate 
or long-term adaptation and learning.  

We additionally used the rapidly-changed colored illumination to minimi e the 
short-term a a tation on rie  t e o  a a tation  in o i e mec ani ms of color 
constancy, especially at retina. xperimental conditions o  t i  re earc  o  e t e 
extreme case distorting the color constancy effect. By these reasons, this study would have 
t e ot er r o e t at e o  e a e to e timate t e ma im m i erence o  color 
con tanc  et een ic romat  e er  eo e an  o ng co or-norma  o er er  

n t i  t  e er orme  t o e eriment  n eriment  e er orme  
categorica  co or naming   a ic co or  or S  ni orm o or Sca e   c i   
under one o  i mination  ite  re  an  e a o t  c m2) lights. The categorical 
co or naming a  ma e o r time  on one c i   t ree tate  earing no i ter  t e 
ic romatic i ter  or t e age  en  i ter  n eriment  e e   c i  at  an  

L=1) under the rapidly-changed colored illuminations at 5 seconds interval and other 
con ition  ere i entica  it  eriment  

n eriment  n er t e con ition o  earing t e ic romatic i ter  e o er e  
typical changes in the result of the categorical color naming t at can e re icte   
effects of the dichromat filter under each illuminant's colors and it means that we could not 
find any distortion of color constancy. Additionally, we found that almost no change in 
co or con tanc   earing t e age  en  i ter  in t e mea rement  t e categorica  
co or naming  n eriment  t e re t a  a mo t t e ame it  t e re t o  

eriment  e acc rac  o  co or con tanc  ecame or e  t ten enc  o  co or 
naming a  a mo t t e ame et een static and rapidly-changed colored illuminations. 

The results of this study indicate that color constancy, at least as long as measured 
 t e categorica  co or naming  i  ro t again t t e c ange o  ectra  i tri tion o  
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re ecte  ig t  rom o ect   i ter  an  ra i  c ange o  i mination  t ort  t at 
color constancy strongly reflects the higher-or er rain roce ing i e e timation o  
illumination, rather than the simple short-term adaptation effect at retina. 

1. INTRODUCTION 

Color con tanc  i  t e enomenon t at e can ti  i cern origina  co or o  o ect  
r ace e en en t e co or o  i mination ig t a  een c ange  Po i e contri ting 

factors for the color constancy are; 

1. Adaptation effect to cones and/or later processes (ex. on rie  t e o  a a tation  

2. mination e timation an or e timation o  ectra  re ectance o  t e o ect ing 
i a  en ironment o  ac gro n  rro n ing  

3. Stati tica  e timation e o  econ ar  tati tic  an or a e ian ro a i it  

However, the mechanism of color constancy is still unclear though many researches have 
een con cte  an  man  actor  a e een arg e  

Pre io  t  a  een re ea e  t at co or con tanc  or  on age  o ervers and 
co or e icient o er er  in imite  con ition  ( a et a  . We aimed to 
investigate color constancy of such o er er , however, it was difficult to a em e 

icient n m er o  them. Thus, we applied goggles with functional spectral filter 
simulating the color discrimination of dichromats or aged people to young people with 
normal color vision to measure color constancy. This method had the additional merit that 
the effect of long-term adaptation for congenital ac  o  one t e o  cones or age-related 
changes can e ignore  t o  ca e that t e i erence et een norma  an  filter-
simulated vision would reflect the worst and direct influences, meaning that the color 
constancy with these filters would help to reveal the mechanism of color constancy.  

We additionally used the rapidly-changed colored illumination which changes 
illumination color in every 5 seconds in the order of Red-White-Blue-White- (or reversal 
order). Under this rapidly-changed colored illumination, we expected that the short-term 
a a tation on rie  t e o  a a tation  in t e o i e mec ani m of color constancy, 
e ecia  at retina  o  e minimi e   

era  e e ecte  t at t e e erimenta  con ition o  t i  re earc  o  e t e 
extreme case distorting the color constancy effect. By these reasons, this study would have 
the other purpose t at e o  e a e to e timate t e ma im m i erence o  co or 
con tanc  et een ic romat  e er  eo e an  o ng co or-norma  o er er  

2. METHOD 

2.1 Filters for experiments 

ne i ter a  t e o tica  ic romatic i ter  ariantor  to  tica  n tria  o  
which is the functional spectral filter simulating the color discrimination of dichromats for 
co or norma  o er er  e ot er i ter a  t e aged lens filter, "Simulation Filters of an 

ge  man en   eomatec o  im ating t e age-related ocular lens density of 
 ear  o  er on or  ear  o  o er er  e co or norma  o er er earing one o  

280
AIC2015 TOKYO - Color and Image



 

 

these filters would have pseudo-perception o  ic romat  or e er er on  t e or e 
could not have the innate or long-term adaptation and learning.  

2.2 Stimulus 

e e  t ree in  o  i mination ig t  ite  re  an  ar  o  ic  minance a  
et to t e e a  a e a o t  c m  meas re  on a ite ca i ration ate S-A5, 
onica ino ta o t  ace  on t e -degree-ang e  tan  in t e oot  We measured 

luminance and the chromaticity coordinates of the illumination lights on the white 
ca i ration ate ace  on t e tan   minance an  co or meter S-  onica 
Minolta Co.Ltd.). 

z White;  c m   0.350) 

z e   c /m2, (x,y)=(0.635,  

z Bue;  c m    

2.3 Subjects and apparatus 

S ect  ere o r ni er it  t ent  t o ma e  an  t o ema e  o  co or normal. Color 
i ion a  e a ate   i ara co or i ion te t  Stan ar  P e oi oc romatic P ate  

(SPP) and D-15 test. 

e e eriment a  carrie  o t in a tim  re entation oot  create   ne tra  
co or gra  in t e ar room  e in ta e  a  ro ector a o e t e oot  to ma e an 
ar itrar -colored illumination light and put the stand that was angled 45 degrees to place 
co or c i  in t e oot  n e erimenter at ne t to t e tim  re entation oot  an  
controlled the projector to change illumination light and recorded response of the color 
naming.  

 

2.4 Experimental procedure 

e con cte  t o e eriment  o  categorica  co or naming in t i  re earc  n e eriment 
 e er orme  categorica  co or naming   a ic co or  ite  ac  re  green  

e o  e  ro n  orange  r e  eac  an  gra  or tica  Societ  o  merica 
ni orm o or Sca e   c i  n er one o  i mination  ite  re  an  e a o t 

 c m2) lights. The categorical color naming was made four times on one c i   t ree 
states; wearing no filter, the dichromatic filter, or the aged lens filter. The color name and 
t e n m er o  t e ame co or-name in 4 sessions were plotted on the coordinates of the 

S  ni orm co or tem -g axes). e er orme  t i  e eriment or a  com inations 
on eac  ect   co or c i    o er ation con ition it o t t e i er  it  t e 
optical dichromatic filter and with the aged lens filter) X 4 sessions. 

t ir t  t e ect con cte  t e ar  a a tation or  min te  in t e ar  room  
Depen ing on t e e erimenta  con ition  t e ect ore t e o tica  ic romatic iter or 
t e age  en  iter  e e erimenter t rne  on one in  o  t e i mination ig t rom t e 

 ro ector  an  t e ect a  a a te  to t e i mination ig t an  t e filter in 5 
minutes. Then, t e ect a  a e  to ic   one co or c i  an  to ace it on t e tan  

it  ac  g o e  e ect er orme  t e categorica  co or naming   a ic co or 
terms. 

 

 

re ecte  ig t  rom o ect   i ter  an  ra i  c ange o  i mination  t ort  t at 
color constancy strongly reflects the higher-or er rain roce ing i e e timation o  
illumination, rather than the simple short-term adaptation effect at retina. 

1. INTRODUCTION 

Color con tanc  i  t e enomenon t at e can ti  i cern origina  co or o  o ect  
r ace e en en t e co or o  i mination ig t a  een c ange  Po i e contri ting 

factors for the color constancy are; 

1. Adaptation effect to cones and/or later processes (ex. on rie  t e o  a a tation  

2. mination e timation an or e timation o  ectra  re ectance o  t e o ect ing 
i a  en ironment o  ac gro n  rro n ing  

3. Stati tica  e timation e o  econ ar  tati tic  an or a e ian ro a i it  

However, the mechanism of color constancy is still unclear though many researches have 
een con cte  an  man  actor  a e een arg e  

Pre io  t  a  een re ea e  t at co or con tanc  or  on age  o ervers and 
co or e icient o er er  in imite  con ition  ( a et a  . We aimed to 
investigate color constancy of such o er er , however, it was difficult to a em e 

icient n m er o  them. Thus, we applied goggles with functional spectral filter 
simulating the color discrimination of dichromats or aged people to young people with 
normal color vision to measure color constancy. This method had the additional merit that 
the effect of long-term adaptation for congenital ac  o  one t e o  cones or age-related 
changes can e ignore  t o  ca e that t e i erence et een norma  an  filter-
simulated vision would reflect the worst and direct influences, meaning that the color 
constancy with these filters would help to reveal the mechanism of color constancy.  

We additionally used the rapidly-changed colored illumination which changes 
illumination color in every 5 seconds in the order of Red-White-Blue-White- (or reversal 
order). Under this rapidly-changed colored illumination, we expected that the short-term 
a a tation on rie  t e o  a a tation  in t e o i e mec ani m of color constancy, 
e ecia  at retina  o  e minimi e   

era  e e ecte  t at t e e erimenta  con ition o  t i  re earc  o  e t e 
extreme case distorting the color constancy effect. By these reasons, this study would have 
the other purpose t at e o  e a e to e timate t e ma im m i erence o  co or 
con tanc  et een ic romat  e er  eo e an  o ng co or-norma  o er er  

2. METHOD 

2.1 Filters for experiments 

ne i ter a  t e o tica  ic romatic i ter  ariantor  to  tica  n tria  o  
which is the functional spectral filter simulating the color discrimination of dichromats for 
co or norma  o er er  e ot er i ter a  t e aged lens filter, "Simulation Filters of an 

ge  man en   eomatec o  im ating t e age-related ocular lens density of 
 ear  o  er on or  ear  o  o er er  e co or norma  o er er earing one o  
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 n eriment  we e   c i  at  an   o  S  ni orm o or 
Scales under the rapidly-changed colored illuminations at 5 seconds interval and the color 
naming a  er orme  on  en t e i mination co or a  re  or e   t er con ition  

ere i entica  it  eriment  

3. RESULTS AND DISCUSSION 

3.1 Experiment 1 

Figure 1 shows the norma i e  n m er o  co or c i  ing eac  co or name  With no 
i ter  e i mination re ce  green, yellow and red naming significantly. With the 

dichromatic filter, it tended to change response as reduction of the naming in in , orange 
and yellow ca e   t e decrease of retinal illuminance and the less long wavelength 
component. With the aged lens filter, there was the reduction of green and orange naming 
n er e and red illumination, respectively. 

 

 
Figure 1: The normalized color chips for each color response. 

 

282
AIC2015 TOKYO - Color and Image



 

 

n eriment  n er t e con ition o  earing t e ic romatic i ter  e o er e  
typical changes in the result of the categorical color naming t at co  e re icte   
effects of the dichromat filter under each illuminant's colors. No distortion of color 
con tanc  co  e o n  t mean  t at t e mec ani m o  co or con tanc  o  e 
com o e   im e actor  i e co or a a tation  itiona  e o n  t at a mo t no 
c ange in co or con tanc   earing t e age  en  i ter  in t e mea rement  t e 
categorical color naming.  

 

3.2 Experiment 2 

ig re  o  t e n m er o  color chips o taine  the same (matched) response (using the 
same color name) et een a certain i mination con ition an  white illumination. 

 

  
Figure 2: The number is response of color was coincident with steady white illumination. 

 

n eriment  t e acc rac  o  co or con tanc  ecame igni icant  or e with no 
filter and with aged lens filter conditions. e n m er o  matc  re on e ecrea e  en 
the rapidly-changed colored illuminations under red illumination in condition of wearing 
no filter and the aged lens filter. The effect of aged lens filter is minimum, o er ing the 
similar tendency in condition of wearing no filter and the aged lens filter. However, under 
t e e i mination  t e re t o  t e age  en  i ter i  more etter t an earing no i ter  

o e rea on i  con i ere  to t e age  en  i ter a  ro ert  t at ecrea e e re on e 
a little. 

n t e ot er an  this tendency was not m c  o er e  under the red illumination 
with the dichromatic filter. Although t e n m er o  matc  re on e a  ecrea e  o era  
when the illumination changes the rapidly-c ange  co ore  i mination  ut significant 

 

 

 n eriment  we e   c i  at  an   o  S  ni orm o or 
Scales under the rapidly-changed colored illuminations at 5 seconds interval and the color 
naming a  er orme  on  en t e i mination co or a  re  or e   t er con ition  

ere i entica  it  eriment  

3. RESULTS AND DISCUSSION 

3.1 Experiment 1 

Figure 1 shows the norma i e  n m er o  co or c i  ing eac  co or name  With no 
i ter  e i mination re ce  green, yellow and red naming significantly. With the 

dichromatic filter, it tended to change response as reduction of the naming in in , orange 
and yellow ca e   t e decrease of retinal illuminance and the less long wavelength 
component. With the aged lens filter, there was the reduction of green and orange naming 
n er e and red illumination, respectively. 

 

 
Figure 1: The normalized color chips for each color response. 
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decrease was not o er e  t i  con i ere  t at t e ro ert  o  t e ic romatic i ter 
ic  ma e  t e re ce  re on e o  re   

However, tendency of the naming was almost identical even under such the rapidly-
changed illuminations in all conditions compared to the static illumination  t means that 
adaptation of cone photoreceptor has to ta e only around 1 second, suggesting that the 
ra i  roce ing o taine   earning  i e ectra  re ecti it  e timation or tati tica  
e timation  a o contri te  co or con tanc  mec ani m  

From the re t  o  t e e eriment  t o actor  contri te to co or con tanc  
mec ani m  ne i  ear  tage o  i a  roce ing i e a a tation o  cone otorece tor 
or gain contro  o  igna  e ot er i  ig er roce ing i e ectra  re ecti it  e timation 
or tati tica  e timation  e rea on  t e e actor  contri te i  ti  nc ear an  rt er 
researches are needed. 

4. CONCLUSIONS 

n eriment  n er t e con ition o  earing t e ic romatic i ter  e o er e  
typical changes in the result of the categorical color naming t at can e re icte   
effects of the dichromat filter under each illuminant's colors and it means that we could not 
find any distortion of color constancy. Additionally, we found that almost no change in 
co or con tanc   earing t e age  en  i ter  in t e mea rement  t e categorica  
co or naming  n eriment  t e re t a  a mo t t e ame it  t e re t o  

eriment . The acc rac  o  co or con tanc  ecame or e  t t e ten enc  o  co or 
naming was almost the ame et een tatic an  ra i -changed colored illuminations. 

rom t e re t  o  t e e eriment  t o actor  contri te to co or con tanc  mec ani m  
ne i  ear  tage o  i a  roce ing i e a a tation o  cone otorece tor or gain 

control of signa  e ot er i  ig er roce ing i e ectra  re ecti it  e timation or 
statistical estimation.  
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ABSTRACT
Dichromats do not congenitally have one type of cones and color discrimination using that cone 
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ABSTRACT 

For dichromats, we should not use combinations of colors on such confusion lines for 
signs, indications, textbooks and other important notices. This concept was called as Color 
Universal Design. However, in many cases, it was not practical to measure all colors by a 
colorimeter, mostly because designers in color normal initially could not recognize 
problems in some color combinations. We though that if we would make the spectral 
functional filter to check the color combinations for dichromats, it would be more flexible, 
faster and easier to find initially-unexpected problems in color combinations. 

Cone sensitivities of L- and M-cones, however, mostly overlap, and it was not 
possible to eliminate the stimulation of one type of cones by a spectral filter. Instead, we 
tried to simulate the ability of color discrimination defined by CIELAB color difference. 
We used 5745 modeled Munsell color chips under D65 illumination. The color difference 
was defined between each Munsell chip and the white starting point. In the next step, we 
assumed the spectrally band-pass filter which has two square-wave-shape peaks and three 
bottoms in its transmittance defined with 9 parameters. To simulate dichromat’s color 
discrimination, from the spectral reflectance, we calculated LMS cone stimulations. We 
used the assumption that L- and M-cone stimulations always equal zero for protanope and 
deuteranope, respectively. Then, the tri-stimulus values were reversely calculated and we 
compared the CIELAB color differences between modeled protanope and deuteranope and 
each filter. The best filter was selected to minimize the "error" by changing 9 filter 
parameters under Genetic Algorithm. We successfully have made three kinds of the 
dichromatic filters even for commercial products (“Variantor” by Itoh Optical Industrial 
Co.); universal (U) type, protan (P) type and deutan (D) type. The U-type of the filter was 
designed to select worse case between P- and D-types in terms of color discrimination.  

These filters were evaluated by Ishihara-plate, Standard Pseudoisochromatic Plates 
(SPP), D-15 and 100-hue test. As planned, results of SPP and 100-hue tests indicated that 
color normal observers wearing P- and D-type filters were evaluated as protanope and 
deuteranope, respectively, although the result of D-15 indicated that D-type filter were not 
significantly different with the result of no filter. The results with the universal filter 
indicated mixture and/or middle of protanope and deuteranope. 

1. INTRODUCTION 

Human has three types of photoreceptors called as cones. When we see objects in a bright 
environment, cones are used in visual dection processing. However, some people, 
classified as dichromats, do not congenitally have one type of cones and color 
discrimination using only that cone is theoretically impossible. Protanope and deuteranope 
do not have functioning L- and M-cones at retina, respectively, and additionally, it has 
been thought that they have no Red-Green opponency. Although there are some arguments 
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of color perception of dichromats, especially about perception of red and green, it has been 
well accepted that dichromats cannot discriminate colors on confusion lines in chromatic 
coordinates, corresponding the lost type of cones. 

For the Color Universal Design. However, in many cases, it was not practical to 
measure all colors by a colorimeter, mostly because designers in color normal initially 
could not recognize problems in some color combinations. It was more practical to take 
digital pictures of scenes and to present them in modified colors converted by special 
software like UDing Simulator (TOYO INK). We made the spectral functional filter to 
check the color combinations for dichromats and it would be more flexible, faster and 
easier to find initially-unexpected problems in color combinations. 

2. METHOD 

2.1 Plan for spectral functional filters 
Cone sensitivities of L- and M-cones, however, mostly overlap, and it was not possible to 
eliminate the stimulation of one type of cones by a spectral filter. Cone sensitivities of L- 
and M-cones, however, mostly overlap, and it was not possible to eliminate the stimulation 
of one type of cones by a spectral filter.  

Instead, we tried to simulate the ability of color discrimination defined by CIELAB 
color difference. For that purpose, firstly, we defined the color set for evaluation. We used 
5745-modeled Munsell color chips under D65 illumination. The modeled reflectance of 
each Munsell chip consisted of the offset reflectance function (as the average of 1239 
Munsell chips) and three fundamental reflectance functions (obtained by principle 
component analysis) multiplied by three independent parameters for each chip. Here, we 
set the luminance factor Y to make Y/Y0 equaled 0.1, meaning that Munsell Value was 
approximately 3.8. The color difference was defined between each Munsell chip and the 
neutral chip (N/3.8).  

In the next step, we assumed the spectrally band-pass filter which has two square-
wave-shape peaks and three bottoms in its transmittance. This spectral band-pass filter was 
defined with 9 parameters; two parameters for the transmittance of two square-wave-shape 
peaks, three parameters for the transmittance of three buttoms and four parameters for the 
boarder wavelengths of two square-wave-shape peaks. Filter effects were simply obtained 
by using the filter transmittance. To simulate dichromat’s color discrimination, from the 
spectral reflectance, we calculated each Munsell chip's XYZ tri-stimulus values with CIE 
1931 color matching function (Wyszecki and Stiles 1982) and obtained LMS cone 
stimulations by Smith-Pokony cone fundamentals (Smith and Pokorny 1975). We used the 
assumption that L- and M-cone stimulations always equal zero for protanope and 
deuteranope, respectively. Then, the tri-stimulus values were reversely calculated from 
LMS stimulations and used for color difference calculation. Finally, we compared the 
CIELAB color differences between modeled protanope and deuteranope. Figure 1 shows 
the CIELAB color difference of the 5745 modeled Munsell color chips under D65 
illumination for color normal (Left panel), the modeled protanope (Center panel) and 
deuteranope (Right panel). Using these steps, the CIELAB color differences of each 
spectrally band-pass filter were also calculated. The best filters, defined as the best match 
to the color differences of thoretical protanope and deuteranope as shown in Figure 1, were 
selected to minimize the "error" by changing 9 filter parameters under Genetic Algorithm.  
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In the D-15 test, test error score with D-type filter was not significantly different 
with the error score with no filter, meaning that D-type is simulating a weak dichromats or 
anomalous trichromats rather than strong dichromats. This result can be explained as the 
limitation of the spectral functional filter. As shown in Figure 1, assumption of the absence 
of M-cone response on deuteranope will make much less color difference compared to 
protanopes.  However, the spectral functional filter can make almost the same color 
difference between P-, D- and U-types of filters, causing that D-type filter effect can be 
recognized as “weak deuteranopic” compared to a real deuteranope.  

Contrary, in the FM 100-hue test, there was no significant difference between P- 
and D-type filters.  The criterion of the FM 100-hue test estimated by Verriest et al. (1982) 
was 6.41±2.41(SD) as the average of left and right eyes in the age group of 20-29 years 
old. Error scores of all filters were significantly higher than the criterion. 

3.2 Evaluation of filters in terms of protan/deutan classification 

We also evaluated whether P- and D-type filters would be able to be classified as 
protanopic and deuteranopic observers, respectively, by the color tests. Ishihara-plate (38 
plates edition) has 4 plates for protan/deutan classification (No.22-25). With P-type filter, 
correctly classification (one numeral seen) was 3.20 (80.0%) when the maximum is 4 and 
no classification (no numeral seen) was 0.47 (11.7%).  With U-type filter, the result was 
close to the P-type filter. Correctly classification was 3.40 (85.0%) and no classification 
(no numeral seen) was 0.47 (11.7%). 
 Contrary, with D-type filter, correctly classification was 0.13 (3.3%) and no 
classification was 0.07 (1.7%). In other cases, observers could see both numbers correctly.  
The result of the previous literature (Birch 1997) indicating that the protan/deutan 
classification plates were more effective for deuteranope than for protanopes. However, it 
was obtained by Birch’s method (1997) in which one number, which was more clearer or 
brighter than the other, was selected as one number. Thus, this study’s result of seeing both 
numbers was not strange and NOT meaning the failure of the D-type filter classification. 
Because we did not take this method for Ishihara protan/deutan classification plates, 
alternative measurement should be performed for the further study. 

 Distributions of errors in FM 100-hue test has also been used for protan/deutan 
classification (Fransworth 1943).  We refered protan (17 and 64), deutan(15 and 58) and 
tritan (5 and 46) axes used in FM 100-hue test scoring tool (v.3.0, Munsell Color Services 
Lab.). Figure 4 shows distribution of mean errors from 15 observers with filters. The P- 
and D-type filters were different and the U-type filter was mixture and/or middle of P- and 
D-type filters. One difference in the distribution between filters and dichromats should be 
mentioned that the distributions of filters were not showing high peak of errors at certain 
number of 100-hue test as frequently observed in dichromats (Fransworth 1943; Kinnear 
1970). We expect that because the filters are not making confusion lines, which are caused 
by loosing signals from one type of cones, but making color discriminations more difficult, 
the errors distributed in many directions not a few directions. 

4. CONCLUSIONS 

By the idea of simulating the ability of color discrimination defined by CIELAB color 
difference, we successfully have made three kinds of the dichromatic filters even for 
commercial products (“Variantor” by Itoh Optical Industrial Co.); universal (U) type, 
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ABSTRACT
o or e icient er on  are na e to i criminate ome eci ic co or  an  ence are a ing great 
i fic tie  in t eir i e  [1]    araa  et  a  t ie  t e egree  o  co or con tanc  in ect  it  

congenita  re green co or eficienc  [2]. However, the mechanism of memory color for color vision 
e ect i  e  c ear nti  no  e o e to i   rien  ig ting en ironment or eo e it  

co or i ion eficienc    mean  o  in e tigating memor  co or  or co or eficient er on  
ter con cting t e i a  a e ment e eriment  e co  rea i e at are ercei e  co or  on t e 

ami iar o ect  or eo e it  co or i ion eficienc  t en i  t e ata a e o  memor  co or or 
co or eficient er on  

 e ca i rate  monitor a  e  in t i  t  an  t e i a  a e ment e eriment a  
con cte  in a ar  room  ota   in  o  te t image  e  in t e e eriment inc e t e o o ing 
ami iar o ect  it  main co or  or ario  ren ere  co or  a e  green  re  an  e o  emon  
e o  an  green  anana e o  orange orange  tomato re  ea  green   e  tra err  

re  oman ace in co or  an  ca i o er mi  ite
e e a ate  ata a  ana e   i ariate a ian nction [3]. The evaluation examples 
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o  orm i erent egree  o  memor co or e i e   ana ing t e co orimetric re t  o  

memor  co or ot  e co  etermine t e t e an  e erit  o   or a ect accor ing to t e 
i tri tion o  i er memor co or e i e  i  t  co  e   rea i e more a o t co or i ion 
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ABSTRACT 

Color- e icient er on  are na e to i criminate ome eci ic co or  an  ence have 
great difficulties in their lives. The mechanism of memory color for color vision defect is 
less clear until now. The aim of this study is to rea i e at are ercei e  co or  on t e 
ami iar o ect  or eo e it  co or i ion e icienc  (CVD), and i  t e rating 
ata a e o  memor  co or or color-deficient persons. The rating ata a  ana e   

modified i ariate a ian nction  t e ig  memori e  area o  norma  co or i ion 
forms a smaller rating ellipses on  u’10v’10 chromaticity diagram, however the results of 
CVD would form different degrees of memory-color rating e i e   ana ing t e rating 
re t  o  memor  co or  or t e c o en ami iar o ect  it i  o i e to determine the 
e erit  o   or a ect accor ing to t e i tri tion o  the memory-color rating 

ellipses.  

1. INTRODUCTION 

o or i ion e icienc   i  a common nctiona  e ect  ere are aro n   ma e 
an   ema e ering rom co or i ion e icienc  in t e or  [1]. People with 
a norma  co or i ion are na e to i criminate ome eci ic co ors and hence suffering 
in t eir i e  eca e cone ce  are a ent or t e ea  o  en iti it  i  i te  eo e it  
CVD cannot sense some specific colors as the people with normal color vision [2].  

Memory color can e categori e  into ort-term or long-term, depending on the delay 
et een a a tation an  re ro ction [3]. n or er to investigated the memory color effect 

for color vision deficiency, tota   in  o  te t image  e  in t e e eriment inc e t e 
o o ing ami iar o ect : apple (two types of red and yellow), lemon (two types of yellow 

an  green  anana e o  orange orange  tomato re  ea  green   e  
tra err  re  ian in (Asian facial in  an  ca i o er mi  ite  All of the test 

o ect  are arrange  in Ta e 1. 

 

Table 1. The test familiar objects   
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2. METHOD 

n t i  t  t o in  o  experiments were designed: CVD’s memory color rating 
i tri tion  o   ami ar o ect  ere in e tagte  -1) and their rating results were 

compared with normal color i ion o e er  -2). A well-ca i rate  monitor (sRGB) 
was used to display the test images of ami iar o ect , and the visual assessment 
e eriment a  con cte  in a ar  room to find the degrees of the CVDs’ memroy color. 

2.1 CVD subjects 

ig t su ects with deutan color vison were invited to join the experiment. As listed in 
a e 2, two of them are deuteranomaly (mild deutan; S .3 an  S .8), and the other 

eig t ects are deuteranopia (strong deutan). All of the ects are male and Taiwan-
Tech college students. S ects ere a e  to con ct two color vision tests to verify their 
degrees and types of color vision deficiency with noma o o e an  i ara ate. All of 
the color vision tests were carried out twice, where “1st” and “2nd” in the ta e represent the 
diagnosing result of the 1st and 2nd time respectively.  

Table 2. Color vision diagnosing results of all subjects 

Subject Anormaloskope (1st / 2nd) Ishihara plate (1st / 2nd) 

Sub.1 Strong D / Strong D Strong D / Strong D 

Sub.2 Strong D / Strong D Strong D / Strong D 

    *Sub.3 Strong D / Strong D Mild D / Mild D 

Sub.4 Strong D / Strong D Strong D / Strong D 

Sub.5 Strong D / Strong D Strong D / Strong D 

Sub.6 Strong D / Strong D Strong D / Strong D 

Sub.7 Strong D / Strong D Strong D / Strong D 

    *Sub.8 Normal / Normal Strong D / Strong D 
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Ps: S m o  * means mild degree; a a et D means deutan color vision. 

2.2 Experimental Procedure 

Before memory color rating experiment, ects ere a e  to ta  in t e ar  room or  
minute, then the staff would turn on the program and select one of  test image, each image 
was rendered into a arge n m ers (150~200) of different color o ect  i e ee ing t e 
luminance near constant (Fig. 1). According to each ect’s mental capacity, score with 
the range et een  an  -1 was given whether the image colors were matched the ect 
memory or not. After finishing all memory color rating tests, the experiment rating results 
were further modelled  modified i ariate a ian nction R q. (1)) [4, 5],  

 

Figure 1: Two examples of rendered different object colors. 

 

                                         

(1)
 

where (u’10, v’10) means the use of    degrees) Color Matching Functions in the 
calculation of u’ v’ chromaticity coordinate. The d(u’10, v’10) and R(u’10, v’10) are 

a a ano i  i tance an  memory color rating at the (u’10, v’10) chromaticity coordinate 
respectively. Parameters a1, a2,.., and a  are t e con tant  etermine  t e o er e  ata  
The experiment flowchart is shown in Figure 2. 

 

 
Figure 2: Flowchart illustrating the sample process. 
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Table 2. Color vision diagnosing results of all subjects 

Subject Anormaloskope (1st / 2nd) Ishihara plate (1st / 2nd) 

Sub.1 Strong D / Strong D Strong D / Strong D 

Sub.2 Strong D / Strong D Strong D / Strong D 

    *Sub.3 Strong D / Strong D Mild D / Mild D 

Sub.4 Strong D / Strong D Strong D / Strong D 

Sub.5 Strong D / Strong D Strong D / Strong D 

Sub.6 Strong D / Strong D Strong D / Strong D 

Sub.7 Strong D / Strong D Strong D / Strong D 

    *Sub.8 Normal / Normal Strong D / Strong D 
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3. RESULTS AND DISCUSSION 

n xperiment 1, we collected the highest score data of all ects, then draw the memory 
color rating i tri tion map of the mean values on  u’10v’10 chromaticity diagram. By 
plotting memory color rating i tri tion map, we could figure out what are memory colors 
of the people with deutan color vision perceived colors for the 13 ami iar o ect . Deutan 
memory color rating distri tion map of mean values of all ects are shown in Figure 2. 
n a ition  Figure 3 shows the mean scores and all subject’s highest scores plotted on 

u’10v’10 chromaticity diagram.  

     When analysing the experiment data, we used the Root Mean Square Deviation 
(RMSD) to calculate nter- an  ntra-o er er aria i it . ntrao er er aria i it  is each 
o er er’s first test and second test result data variation. And ntero er er aria i it  is 
t e i erence et een eac  test data and the average data, and the result  o  nter- and 
ntra-o er er aria i it  are shown in a e  Besides, the color variations (Δ *

u’10v’10) 
were calculated between individual u’10v’10 values and mean u’10v’10 values in Figure 3, 
and the result is shown in a e  

 

Figure 3. Deutan memory color rating map of the 13 familiar objects in terms of mean 
data of the highest scores. 
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Figure 4. CIE u’10 v’10 plots of the top memory color scores and the mean values of 8 
Deutan color visions (for 13 familiar objects). 
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No. 1 2 3 4 5 6  

ect anana range 
e o  

Lemon 
Cauliflower 

Asian 
S in 

Stra err  S  

nter-o er er  0.400 0.424 0.482  0.415 0.416 

ntra-o er er 0.456 0.448  0.435  0.353 0.415 

No. 8  10 11 12 13  

ect Tomato 
Green 
Leaf 

Green 
Lemon 

e err  
e o  

Apple 
Red Apple  

nter-o er er 0.425 0.531  0.485 0.462   

ntra-o er er 0.  0.561 0.662 0.453 0.526   

 

Table 4 Color varivations Δ *
u10v10 between individual u’10v’10 data and mean u’10v’10 

data (for 13 familiar objects). 
No. 1 2 3 4 5 6  

ect anana range 
e o  

Lemon 
Cauliflower 

Asian 
S in 

Stra err  S  

Color variation 0.023 0.030 0.035 0.021 0.025 0.058 0.036 

No. 8  10 11 12 13  

ect Tomato 
Green 
Leaf 

Green 
Lemon 

e err  
e o  

Apple 
Red Apple  

Color variation 0.045 0.038 0.033 4 0.023 0.033  
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and their u’10v’10 rating ellipses a e  on core  an  core  are shown in Figure 4. 
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 range                                                      e  anana                       

Figure 4. Memory color rating comparisons between normal color vision and deutan 
color vision, where outer and inner green/ red/ blue ellipses represent the rating 
boundaries of normal/ mild/ strong color visions corresponding to score 0.0 and score 0.3 
respectively. 

4. CONCLUSIONS 

n t i  t , memory color rating i tri tion ma  a e  on mild/ strong deutan color 
visions was investigated. The memory color rating results et een normal color vison and 
deutan color visions (mild deutans and strong deutans) were compared. The modified 

i ariate a ian nction was applied to form memory color rating ellipses of deutan 
color visions on u’10v’10 chromaticity diagram. The degrees of deutn color vision show 
stronger when the i e  o  rating ellipses show igger. i  t  co  e   rea i e 
more a o t co or i ion mechanism et een co or i on e icien  an  norma  color vision. 
We hope this analysical result  are ene icia  to co or vision deficiency’s research. r 

t re or s hope to add more ects with different severities and color vision types to 
clarify memory color mec ani m o  a norma  co or i ion . 
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ABSTRACT
o or ni er a  e ign  i  a er oriente  e ign tem to a o  in ormation to e 

accurately conveyed to people with diverse types of color vision. Because of genetic variations or 
e e i ea e  ome eo e cannot ea i  i ting i  certain com ination  o  co or  o e er  it i  not 

ractica  to a oi  a  c  com ination  en ainting gra ic o ect  t at re ire m ti e co or  
c  a  ic ign  gra  an  ra ing  ma  an  e  age  n a ternati e a roac  i  to a t 

t e e  at ration  or rig tne  o  eac  co or to ma imi e m t a  e aration  or e am e  re
green co or in  eo e can act a  i ting i  t e t o co or  i  re  i  ig t  e o i  an  green 
i  i  t o g  t i  i  a otentia  romi ing a  to ro i e in ormation in man  co or  i e 
ee ing acce i i it  to i er e eo e  fine t ning o  co or tone  i  not ea  or e igner  o a  
a e on  imite  no e ge a o t t e c aracteri tic  o  ario  co or i ion t e

o a re  t i  i e  e orme  a co a orati e ro ect et een re earc  in tit te  ea ing 
com anie  in t e aint an  rinting in  in tr  an  P  o  co or in  eo e t at a i e   to 
e ta i  a a ette o  ea t con ing co or  it  reci e  efine  co or a e  e fir t a e  eo e 
with common-type (normal) color vision to classify several thousands of color chips into groups 
o  co or categorie  e t en a e  co or in  eo e to e amine t e co or c i  in eac  categor  
an  i car  t o e t at a ear con ing  e t en a e  co or in  eo e an  o i ion eo e to 
e amine t e remaining c i  to e ect t e co or in eac  categor  t at are mo t i ting i a e rom t e 
colors of all other categories. 

ro g  c  creening  e o taine  a et o   co or  nine i i  co or  t at are ita e 
or ma  o ect  e en re ati e  a e co or  or ainting arge o ect  an  ac gro n  an  o r 

shades of achromatic colors that are least confusing with chromatic ones. Considering that colored 
information in real life is mostly presented in three major ways - painting, process color printing, and 
com ter mo i e creen   e ine t ne  co or  o  ecia ma e aint am e  roo  rint  an  

atc e  i a e  on ca i rate  com ter monitor  to ma e gge te  co or e inition  in n e  
a e   a e  it  in tr tan ar  rofi e  an   a e  in  co or ace

The resulting palette provides for the first time a systematic way for conveying colored 
information that is (A) least confusing for people with diverse color vision types and (B) consistent 
acro  i erent me ia  e a ette i  a rea  eing e  in a i e ariet  o  ro ct  inc ing train 
ine ma  ign  in t e ic ace  ra ing  in t e c oo  te t oo  a  e  a  gra ic inter ace o  

electronic devices.
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ABSTRACT 

Colour Universal Design (CUD) is a user-oriented design system to allow information to 
be conveyed accurately to people with diverse types of colour vision. Because of genetic 
variations or eye diseases, some people cannot easily distinguish certain combinations of 
colours. However, it is not practical to avoid all such combinations when painting graphic 
objects that require multiple colours, such as public signs, graphs and drawings, maps, and 
web pages. An alternative approach is to adjust the hue, saturation or brightness of each 
colour to maximise mutual separation. To achieve this, we organised a collaborative pr o-
ject to establish a palette of least confusing colours with precisely defined colour values. 
We first asked people with common-type (normal) colour vision to classify several thou-
sands of colour chips into groups of colour categories. We then asked colour-blind people 
to examine these chips and discard those that appear confusing. We finally asked colour-
blind and low-vision people to examine and adjust the remaining colours to establish a set 
of colours that are most distinguishable from each other, and obtained a palette of 20 col-
ours: nine vivid colours suitable for small objects such as signs, graphs  and characters, 
seven relatively pale colours for painting large objects such as maps and backgrounds , and 
four shades of achromatic colours that are least confusing with chromatic ones. Consider-
ing that colour-coded information in real life is presented in three ways –painting, process 
colour printing and display panels– we fine-tuned colours and made suggested colour defi-
nitions in Munsell values, CMYK values with industry-standard profiles, and RGB values 
in sRGB colour space. The palette is being used in a wide variety of pro ducts. 

1. INTRODUCTION 

About 8-10 % of C aucasoid males and 4% of Asian males, as well as one in several hun-
dreds of females are so called red-green colour-blind, who cannot discriminate certain 
combination of colours even if they are clearly distinguishable by the people with com-
mon-type colour vision. Depending on the problematic cone cells in the retina, they are 
classified as protan (problem in L cones) and deutan (problem in M cones). In addition, 
some of the people who suffer from low-vision also have difficulty in distinguish colours, 
because S cone cells, which accounts for only a few percent of the retinal cells, tend to 
disappear first by retinal diseases, causing tritan-like color vision.  

The fact that colour-blind and low-vision people cannot distinguish certain colours does 
not necessarily mean that they cannot distinguish all the tones of colours in that category. 
The colours that are hard to distinguish by these people tend to lie on straight lines called 
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confusion lines on CIE xy charts (Pitt 1935, Figure 1). The colours appear much less con-
fusing if they do not lie on the same confusion line. This is most exemplified by traffic 
lights. Even though colour-blind people have difficulty distinguishing red and green, few 
of them have problems with traffic lights, because red is deliberately shifted to yellowish 
and green to bluish colours, avoiding the combination that lie on a single confusion line.  

 
Figure 1: Confusion lines of the three major types of colour blindness. 

Such fine-tuning of colours is a potentially promising way to provide information in 
many colours while keeping accessibility to diverse people. Although convenient algo-
rithms for detecting potentially confusing colours have been established (Brettel et al. 
1997) and are now implemented in popular graphic software such as Illustrator and Photo-
shop, fine-tuning of colours is not easy for designers who usually have only limited knowl-
edge about the characteristics of various colour vision types. 

For designers it should be most convenient, if they can have a palette of colours that are 
already fine-tuned for maximum distinction. To this aim we organised a collaborative pro-
ject between research institutes (University of Tokyo and Industrial Research Institute of 
Ishikawa), leading company and industry association of the Japan’s printing and painting 
industry (DIC Corporation and Japan Paint Manufacturers Association), and an NPO of 
colour-blind people that advises CUD (Colour Universal Design Organization).  

2. METHOD 

2.1 Sample Preparation 
We used two types of colour sample chips that are de facto standards for ordering colours 
in Japan’s printing and painting industry, respectively. The first is DIC Colour Guide li-
brary by DIC Corporation, which features 2,230 colours published in five volumes: Vol. 1 
and 2 and Traditional Colours of Japan, France and China. The second set is the Standard 
Paint Colours by the Japan Paint Manufacturers Association (JPMA). The original set of 
JPMA samples feature 1,500 colours distributed evenly according to the Munsell colour 
system. Every two years, 600-700 colours are selected from this set and published as Stan-
dard Paint Colours. For fine-tuning colours for CMYK process printing, colour charts with 
various shades of cyan, magenta and yellow were specially made by DIC.  

2.2 Experimental Procedure 
Examination and selection of colours were performed in the form of “jamboree,” where 
10-15 people with various colour-vision types gather and examine colour samples together. 
This ensured quick comparison of conflicting colours by different types of people and fast 
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screening of alternative colours for the best possible compromise. All sessions were per-
formed under D65 lighting. 

3. RESULTS AND DISCUSSION 

3.1 Selection of colours than can easily be called with distinct colour names 

Humankind use colour names to describe the colours they perceive and to communicate 
with other people about colours. Although there are millions of colours, the ranges of col-
ours whose names are difficult to describe are not suitable for presenting colour-coded 
information. Therefore we first selected the range of colours that are easy to be named. 

Based on the consulting experience of the designers at DIC Colour Design Inc., we first 
selected 27 colour names. These included three achromatic colours (black, grey and white), 
12 high-saturation colours that are often used for painting small objects, and 12 low- or 
middle-saturation colours that are often used for painting large objects (Figure 2). 

 
Figure 2: Distribution of the colours for specific colour names  

selected by common-type and colour-blind people 

We then asked five designers with common-type colour vision to categorise the 2,230 
DIC Colour Guide sample chips. Only the chips whose colour names seem apparent were 
grouped, and the chips whose colour names were difficult to describe were discarded. As 
expected, the resulted groups of colour chips formed uniquely distributed clusters in the 
CIE xy colour space (coloured squares in Figure 2). 
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Although colour-blind people can also recognise colours using colour names, the range 
of colours described by a particular colour name is not the same as those used by common-
type people. For example, some shades of red appear green or brown to colour-blind peo-
ple, but certain range of red colours can distinctly be felt as red. To identify such range of 
colours for each colour category, we then showed the above sets of colour chips to a jury 
of colour-blind people (protanope and deuteranope) and asked to select the chips that they 
can recognise with the same colour name (Star symbols in Figure 2). 

The results were striking but understandable. The ranges of colour chips selected by the 
colour-blind people were distributed at either side of the confusion lines. For example, 
only yellowish red chips that were above the confusion line connecting red and green were 
selected as red, and only the bluish green chips that were below that confusion line were 
chosen as green. Likewise, only reddish purple chips above the confusion line connecting 
purple and blue (for protanope) and purple and green (for deuteranope) were selected as 
purple. Bluish purple, including violet, were not selected because they appear confusing 
with blue (for protanope) or green (for deuteranope). Similarly, only yellowish pink was 
selected, because other ranges of pink appear confusing with light blue (for protanope) or 
light green (for deuteranope). Among the 27 sets of colour chips, colour-blind people were 
not able to select any chip for soft pink, pale orange and dull purple, because all the chips 
selected by the common-type people for these colour names appeared confusing with the 
chips of other colours by colour-blind people. Thus, we obtained a set of 24 colours. 

3.2 Adjustment of colours for paint colours 

The DIC Colour Guide is designed for special-colour printing that uses pre-mixed ink for 
each colour. Because commercial printing with tens of special-colour inks is not practical, 
we first developed a practical version of the colour palette for the JPMA Standard Paint 
Colours for painting industry, in which special pre-mixed colours are used more com-
monly. Because JPMA Colours are based on Munsell colour space, we first converted 
above-mentioned 24 ranges of colours to Munsell values. Because of the fewer number of 
sample chips, the JPMA Standard Colours lacked some of the colours that were found use-
ful for clear distinction of colours. Most notably, it lacked the yellowish red between Mun-
sell values R7.5 and R10. JPMA therefore made new colour chips at R8.75 specially for 
this project. It also made several other colours for bluish green. Using these, we were able 
to select 24 chips of the JPMA standard colours (Figure 3A). 

The selected colours had a few problems when it would be used for practical applica-
tions. First, It had only one shade of grey even though in many cases different shades of 
grey are useful. Second, the number of low- and middle-saturation colours did not match 
the number of high-saturation colours. We therefore tried to increase the number of achro-
matic and low/middle-saturation colours by selecting candidate colours (Figure 3B). After 
examination by colour-blind people, colours that were hard to distinguish were deleted (x 
symbols), and the hue, saturation and brightness of some colours were adjusted for better 
distinguishability (white arrows), resulting in a set of 31 colours (Figure 3C). 

So far, colour combinations that are difficult to distinguish for low-vision people had 
not been considered. It is not easy to set a model case of low-vision, because many eye 
diseases are progressive. We therefore asked people who suffered from retinal detachment 
or retinopathy of prematurity, whose symptoms in the retinae remain rather stable. In addi-
tion, we asked another person whose colour vision of one eye showed complete tritan 
characteristics for unknown reasons. After another session with both colour-blind and low-
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vision people, many colours, especially those in the middle-saturation range, were deter-
mined confusing and had to be discarded (Figure 3D-1). In total 20 colours  (nine high-
saturation, seven low-saturation, and four achromatic colours) were selected eventually. 
Two remaining colours in the middle-saturation range (yellow and green) were designated 
as alternative colours that can be used instead of high-saturation colours.  

3.3 Adjustment of CMYK values for process colour printing 

Next, we made a similar colour palette for printing (Figure 3D-2). For practical multi-
colour print, 
we made the 
set for CMYK 
process-colour 
printing. Paint 
and print have 
rather differ-
ent gamut. To 
make the best 
use of CMYK 
gamut, we 
adjusted each 
colour by 
making charts 
with varying 
levels of cyan, 
magenta and 
yellow and 
selecting the 
colours that 
are most dis-
tinguishable. 
To ensure 
consistency of 
reproduction, 
CMYK values 
were deter-
mined with 
precisely con-
trolled profile 
(DIC Standard 
SFC_AM2.0), 
which is es-
sentially simi-
lar to the in-
dustry stan-
dard Japan 
Color 2001 
Coated print-
ing profile. 

Figure 3. Colours for each version of the model colour palette 
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3.4 Adjustment of RGB values for display panels 

The final set of colour palette is for the displays of computers, mobile devices, TV sets, 
and digital signage. Most of these use LCD displays, where colours are defined with RGB 
values. Among the two industry-standard colour space for such displays –sRGB and Ado-
be RGB– we chose sRGB because (1) it is also the standard for Internet web sites and PDF 
documents, and (2) the latter is used only for specific purposes such as photography print-
ing. Using a precisely calibrated LCD monitor, we adjusted each colour to make the best 
use of the specific gamut of the sRGB colour space (Figure 3D-3). 

3.5 Application of the model colour palette 

The JPMA, CMYK and GRB versions of the palettes were released in mid 2009, late 2009, 
and late 2011, respectively. To help choosing the most distinguishable colours, we provid-
ed for each set the lists of colours that are especially easy or relatively difficult to discrimi-
nate. A handbook was released in 2014 to provide detailed information of each colour set 
as well as the lists of recommended and unrecommended colour combinations.  

Since its release, the colour palette is used by a wide variety of products including train 
line maps, signs in public spaces, graphs and drawings in the textbooks of elementary and 
high schools, as well as graphic interface of electronic devices. The colours were also re-
produced for plastic materials of colour-coded trash boxes and buttons of TV remote con-
trollers. With slight modification, the colours were also used for public information 
services such as colour-coded maps and alert charts for the web sites of the national mete-
orological agency, as well as tsunami hazard alert systems of TV broadcast networks. 

4. CONCLUSIONS 

The model colour palette provides for the first time a systematic way for conveying colour 
coded information that is least confusing for people with diverse colour vision types. By 
defining colours not with Yxy or L*a*b* values, which are mostly used only by scientists, 
but with industry-standard paint colour chips and CMYK and RGB values, the palette has 
become instantly useful for designers who shape the colour environment of the real world.  
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Color Universal Design
a o  1,2

1 ac t  o  n ormatic  oga in ni er it
2 P  o or ni er a  e ign rgani ation 

ABSTRACT
e o ecti e o  t i  or  i  t e o or ni er a  e ign a ai a e to a  eo e o a e 

i erent in  o  co or i ion rom eac  ot er
o t eo e can ee i  or e en co or  in a rain o  an  e  eo e can ee e  t an t ree  

o e o can ee e  t an t ree are no n a  re green con ion  eo e
e a e ro ce  t e conce t o  o or ni er a  e ign rgani ation   in a an ince 

 e ocia  aim o  t e organi ation i  to im ro e t e com re en ion o  eo e o a e ario  
in  o  co or i ion o  t eir en ironment  or e am e  en earc ing or in ormation rom a ic 

tran ort ma   i  organi e  into gro  o  it  er on   t e  o  co or i ion  e ca  t e e 
P-type, protans and protanopes, and D-type, deutans and deutarnopes, and C-type, common type 
trichromatic. We plan to consider encompasses red-green confusion people still popularly negatively 
no n a  eing co or in ne  an  eo e it  norma  co or i ion  t i  im ortant to e or  

which are not part of the negative lexicon regarding people who do not have full color vision.
 man co or i ion encom a e  t e ario  ri  t e  o  cone an  cone  t e i  

t ere ore not norma  an  P t e an  t e are not co or in ne  n to a  r an en ironment 
e ee man  co or  an  m tico ore  etter  on a great ariet  o  ac gro n  co or  co ore  ma  

and color signs. 
n t i  re earc  e oo e  or in  o  re  e  e o  an  green t at P t e  t e an  

t e o not con e it  eac  ot er  e green con ion  eo e o not con e a  in  o  re  
an  a  in  o  green  rom t eir o n e erience  t e  o er e  en t e  ere con ing co or  
Some P t e an  t e eo e o con cio  monitore  t eir co or i ion ne  t eir con ion 
category color.

e in e tigate  co or i a  comm nication et een eo e o a e i erent co or i ion
 P t e  ee re co or ar ne  e e ecte  a in  o  ermi ion  e e ection o  a in  o  

green t at a  co or i ion t e  can i criminate rom ot er co or  a  i fic t or  eca e t e  
re ent  recogni e i green an  gra  a  eing in t e ame categor  timate  t e e in  o  

red and green were selected with in a very narrow range. 
What we propose is a new, universally color system which facilitates for visual communication 

or ot  P   an  t e eo e
e e are  co or  ere t e ame in ormation can e een correct   a er on o  an  co or 

vision type.

 

 

 
 

Color Universal Design 
a o  c i ara 1*2 

1  ac t  o  n ormatic  oga in ni er it  
 
2 P  o or ni er a  e ign rgani ation   

ABSTRACT 

The present study investigates t e ten enc  o  in i i a  to categori e co or  Humans 
recogni e co or   categori ing t em it  eci ic co or name  c  a  re  e  an  e o . When 
an individual having a certain type of color vision o er e  an o ect  they categori e it  co or ing 
a particular color name and assume that other people will perceive the color in an identical manner. 
However, there are many variations in man co or i ion ca e   otorece tor i erence  in t e 
eye, including red and green confusion. Thus, another person with a different type of color vision 
may categori e the color using another name. To address this issue, we attempt to determine the 
differences in the ranges of colors that people with different types of co or i ion categori e using 
particular color names. n the mo ern r an environment, most visual information, including 

arning ign  an  notice oar , is co e   co or  in ing t e common co or categorie  among 
different types of color vision is an important step towards achieving Color Universal Design, a 
visual communication method that is viewer-friendly irrespective of color vision type. Herein we 
report on a tematic com ari on et een eo e it  common -type) and deutan (D-type) color 
vision. Analysis of protan (P-type) color vision will follow in a e ent report. 

1. INTRODUCTION 

n a an  a o t  o  men an   o  omen ee co or i erent  o-called red-green 
confusion) than the general population, due to genetic differences. The percentage is higher in 

ro e an  the United States; up to 10  of men in some countries. Visual information presented 
using various colors is generally ea  to n er tan  t eca e o  these differences in color vision, 
the use of colors can actually cause confusion. Modern society is filled with visual information 
comprising m ti e co or  t the appearance of this information is often designed only with regard 
to people with the most common form of color vision. Designs employing certain ranges of colors 
can sometimes lead to ineffective communication or even accidents for the people who perceive 
colors differently. To avoid such misperceptions, the concept of “barrier-free color” or “color 
universal design” (CUD) has been advocated, with the goal of creating designs that are 

n er tan a e regardless of the type of color vision. 

Recently, computer software and glasses that provide a virtual experience of colors perceived  
individuals with red-green confusion a e ecome a ai a e  c  a  i ec  the CUD-proof 

nction o  o e P oto o  an  trator  an  the Variantor glasses. However, these tools fail to 
indicate how individuals with different types of color vision recogni e co or categorie .1 n t e 
present study, we compared the ranges of colors that people with common and red-green� confusion 
color vision perceive when a particular color name is presented. 

There are three major types of color vision: common (C-type), protan (P-type), and deutan (D-
type). n i i a  it  P- or D-type color vision are often regarded negatively as being “colorblind”, 
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color “anomalous” or having color vision “deficiency” compared to those with the “normal” C-type 
co or i ion  n or er to a oi  mi ea ing im re ions and promote more positive attitudes towards 
individuals with P- or D-type color vision, just two of the many types of genetic polymorphisms, we 

e ie e it i  im ortant to stem the use of words t at are im e  it  a negati e connotation  e 
therefore refrain from using terms such as “normal”, “anomalous”, or “ in ”. 

2. METHOD 

2.1� Study Overview 

Using a light source to fully render color properties, ect  ere a e  to classify color chips of 
1,050 different colors into 20 color categories  S ect  ere also a e  to choose one color chip for 
each category that they felt was the most representative of the given color name. The 20 color 
category names included the  a ic co or name  ite  ac  re  green  e o  e  ro n  
orange  r e  in  an  gra  ro o e   er in an  a 1).  n or er to ana e not on  categorie  
of high saturation colors t a o o  at ration colors   additional color category names were used 

eige  cream  e o i -green  ig t green  e-green  ig t e  i -purple, purple, and reddish-
purple  on i ering t at t e range  o  co or  co ere   t e e name  o  occ  on  i crete 
areas of the color space, we also made the “Color name unknown” category to avoid the risk of 

ect  ee ing com e e  to c a i  a co or c i  t e  a  i ic t  ging as e onging to a 
specific color category. 

 

2.2� Subjects 

o r ect  it  C-type (trichromatic) co or i ion i ara e t  ate  – pass) and 4 
ect  it  complete deuteranope vision (strong D-type, Panel D15 test – fail). Color vision types 

were diagnosed at the e artment o  t a mo og  i ei ni er it  Sc oo  o  e icine. 

a e  S ects’ characteristics 

Subject No. Age (years) Gender 

C-type color vision 

No. 1 
46 Female 

C-type color vision  

No. 2 
21 Female 

C-type color vision  

No. 3 
22 Male 

C-type color vision  

No. 8 
21 Male 

D-type color vision  

No. 1 
41 Male 

D-type color vision  

No. 2 
66 Male 
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D-type color vision  

No. 3 
25 Male 

D-type color vision  

No. 4 
62 Male 

 

2.3� Test Equipment/Light Source 

Standard lighting equipment: RW standard color viewer; color appraisal AAA fluorescent lamp 
(x=0.3425, y=0.3520, minance  c m2); measured with a luminance and colorimeter (CS-
1000; onica ino ta  o o a an . 

 

2.4� Background Color 

ite , y=0.3483,  

e ir t com are  co or erce tion it  ite an  ac  ac gro n  an  o er e  a igni icant 
difference et een t e t o. Considering that many colors used in ic ign  an  rinte  materia , 
i e maga ines, are presented on rig t rat er t an ar  ac gro n  e c o e t e ite 
ac gro n  or e ent tests. 

 

2.5� Color Samples 

We used the Toyo Color Finder (CF) with 1,  co or c i  i e   u 1.2 cm2, colored area: 
2.4 u 1.2 cm2  a co or am e oo  i e   o o n  an act ring o , as the color samples 
for color category classification. The reasons or ing t e o o n  c i  inc e the following. 

(1) They evenly cover a range of colors used in commercial printing. (2) A large quantity of precisely 
co ore  c i  i  rea i  a ai a e.  on i ering t e r en attri te  to classifying colors and 
resolution over the entire color range, a quantity of a o t ,  co or  a  eeme  a ro riate  t 
t ica  too   o r  or one ect to com ete t e entire ta  

3.� RESULTS 

3.1� Color Perception Influenced by Background Color 

e ir t a e  the 4 ect  it  -t e co or i ion to categori e co or  on t e ac  
ac gro n  tan ar  ta eto  o  t e  tan ar  co or ie er  an  on t e ite ac gro n  a 

white sheet of paper placed on the co or ie er ta eto  Some co or c i  were selected as a 
artic ar co or en re ente  on t e ite ac gro n  t not en re ente  on t e ac  
ac gro n  and vice versa. Selected color chips with significant differences etween the different 
ac gro n  are o n in a e  
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a e  Selected color chip data using different ac gro n  co ors  

CF No. XYZ-Y Yxy-x Yxy-y Color category names Number selected according to 
background 

10114 21.1  2 

㻌  㻌  

ro n White – ac    – 4 

10845 12.35 0.4058 2 

㻌  㻌  

ro n White – ac    – 3 

10594   
0.388

3 

㻌  㻌  

eige White – ac    – 4 

10220   
0.404

3 

㻌  㻌  

yellowish-green White – ac    – 0 

10239  13 0.463 

㻌  㻌  

yellowish-green White – ac    – 0 

10243 60.02 0.3588 6 

㻌  㻌  

yellowish-green White – ac    – 0 

10645   1 

㻌  㻌  

light green White – ac    – 0 

10404 16.31 0.184 
0.234

8 

㻌  㻌  

e White – ac   3 – 0 

10408 10.16 0.2116 
0.244

4 

㻌  㻌  

e White – ac    – 0 

82 
Purple  0.2414 

0.148
5 

㻌  㻌  

i -purple White – ac    – 4 

10946 6.86 0.3223 
0.331

5 

㻌  㻌  

ac  White – ac    – 4 

 

3.2� Results of C-type Color Vision (Ishihara Test 38 plates – pass) 

e co or c i  e ecte   a   ect  it  -type color vision presented for each color name 
are shown in Figs. 3-1 and 3-2  or ite an  e-green, none of the color chips were unanimously 
e ecte   t e  ect  or ite  this was mo t i e  eca e the Toyo color chips contain 

e entia  no in  t at a ear  ite; eca e it i  ma e or rinting on ite rinting a er, white 
in  i  not re ire  or e-green  mi a  et een e an  green  t i  a  mo t i e  eca e 

e-green ma  not e e ta i e  a  a e inite co or categor  e en among individuals with C-type 
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co or i ion  at ea t in a an; t  re ecting arge i erence  a e  on t e ecti e experiences of 
individuals. 

 

3.3� Results of D-type Color Vision (Panel D15 test – fail) 

The co or c i  e ecte   a   ect  it  -type color vision are presented in Figs. 4-1 and 
4-2  n a ition  eca e o  the i er ariation among ect  it  -type color vision, colors 
e ecte    o  t e  ect  are also shown in Figs. 5-1 and 5-2. For white, gray, green, purple, 

cream, yellowish-green  ig t green  e-green, i -purple, and reddish-purple, there were no 
in tance  ere a   ect  e ecte  t e ame co or c i   t e e  or ite  ig t green  i -
purple, and reddish-purple, even 3 of the 4 ect  i  not e ect t e ame co or c i  n a ition  
t e co or categorie  or ro n an  in  ere roa er t an t o e or ect  it  C-type color vision. 
Characteristically, the former ro n  exten e  to a ar  e o  range  erea  t e atter in  
extended to a reddish-purple range. 

 

Fig. 3-  o or c i  e ecte   a   ect  it  -t e co or i ion a ic co or  

 

Fig. 3-  o or c i  e ecte   a   ect  it  -type color vision (non- a ic co or  
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Fig. 4-  o or c i  e ecte   a   ect  it  -t e co or i ion a ic co or  

 

 

Fig. 4-  o or c i  e ecte   a   ect  it  -type color vision (non- a ic co or  

Color categories for D-type ect  inc e  eige an  ig t e  
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3.4� Comparison of Color Name Recognition between Color Vision Types 

ina  e com are  t e co or c i  e ecte   ect  it  - or D-type color vision (color 
c i  e ecte   at ea t  o  t e  ect  in eac  gro  ig   t o e e ecte   jects with C-
t e t not  those with D-type color vision n m er o  -t e ect  o e ecte  t e co or  
n m er o  -type ect  who chose the chip differ by ≥3 [4:0, 4:1, 3:0], Fig. 7); and conversely, 
co or c i  e ecte   -t e ect  t not  -t e ect  ig   

As shown in Fig.  t ere ere no co or c i  t at ere common  e ecte  or ite  gra  e-
green, ish-purple, light purple, and reddish-purple. For purple, only one color chip was selected in 
common  n artic ar  for light purple, purple, and reddish-purple, there were color chips commonly 
e ecte   mo t ect  it  C-type color vision, t t e  ere not common  recogni e  a  t e 

corre on ing co or name  ect  it  D-type color vision (Fig.  

Colors re re ente   t e e co or c i  m t e e  it  ca tion en e igning i a  
in ormation  eca e t e  o ld not e perceived as the same color  in i i a  it  i erent 
types of color vision. Colors selected commonly  D-t e t not  -type jects included red in 

ro n region  ro n in ar  e o  region  e o i -green in yellow regions, yellow in 
yellowish-green region  an  in  in arm-color gray regions (Fig. 8). Usage of color tones in these 
regions may also impair effective color- a ed communication. 

Moreover  ome co or  recogni e  nanimo   t e C-type ect  ere not recogni e  a  
t e corre on ing co or   ect  it  D-type color vision. These include color chips of high 
saturation yellowish-green  ig  at ration ro n  low saturation orange, i -purple, and green on 
the� con ion ine it  gra  ig  � � �

 

 

 

Fig. 5-  o or c i  e ecte    o  the  ect  it  -
t e co or i ion a ic co or  

 

 

Fig. 5-  o or c i  e ecte    o  the  ect  it   
-type color vision (non- a ic co or  
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ig   o or c i  e ecte    or more ect  it  C- or D-type color vision 

o or  t at ma  o i  e e  or co or ni er a  e ign  

 

 

ig   o or c i  e ecte   ect  it  C-type co or i ion t not  ect  it  D-type color vision 
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ig   o or c i  e ecte   ect  it  D-type co or i ion t not e ecte   ect  it  C-type color 
vision 

 

4㸬 CONCLUSION  AND FUTURE OUTLOOK 

r present study shows that color chips commonly selected  ect  with C- or D-
type color vision exist for many color names. However, even for these colors, slight 
deviations in color tones may lead to color recognition using i erent co or name  n 
future studies, data presented herein  com ine  it  minance information (reflectance  
or Munsell value) in the  co or ace  will e com are  three-dimensionally. n 
addition, the extent of individual differences and differences in the i tri tion o  co or 
tone  e t to e mo t re re entati e o  a co or name will e ana e  to rt er e ore t e 
differences in color category perception. An identical et o  te t  a e a rea  een 
con cte    ect  it  P-type color vision. Common and different features among C-
, P- and D-t e co or i ion i  e ana e  in future studies. 

o or  t at are nanimo  recogni e  a  t e ame co or name regar e  o  co or 
vision type are good candidates for color universal design to facilitate color-name- a e  
communication among individuals with different types of color- i ion  r t  i enti ie  
ranges of colors that are perceived differently depending on color vision type. Most 
nota  e i enti ie  range  o  co or  t at are ercei e   individuals with C-type color 
vision with a certain co or name t not  those with D-type color vision using the same 
co or name  S c  co or  o  e a oi ed en e igning materia  to e e  in ic 
places. 

By replacing such colors with adjacent color tones that eliminate differences in color 
name recognition, color-coded designs that are difficult for those with different types of 
color vision to i ting i  can e avoided. 
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ABSTRACT
o or armon  a  ong een o  intere t to re earc er  in i erent fie  o e ign t e co or  

o  ario  o ect  en en ing armon  among act a  o ect  not on  t e armon  among t e 
co or  t a o t e a earance o  armon  o  t e materia  i  an im ortant con i eration  t o g  
t e a earance o  armon  in re ation to eci ic materia  a  een in e tigate  armon  among 
i erent materia  a  not recei e  a e ate attention  n o r re io  t  ana a et  a   
e in e tigate  t e a earance o  armon  or ario  materia   con cting c o ica  

e eriment  to co ect antitati e ata  n t e e eriment  e re are   am e  ma e rom 
t e o o ing act a  materia  a ric  a er  tone  oo  eat er  meta  a tic  g a  r er  an  
ceramic  n or er to e  ect  i ting i  co or armon  e ro i e  am e  it  a gra i  
co or e ce t or t e ro ni co ore  oo  materia  n i erent t o e eriment  ect  ere
were not allowed to tilt the sample pairs to provide a comprehensive judgment of harmony. The 
results indicated that the sample pairs with similar texture patterns were viewed as harmonious, even 
though their materials were different. Furthermore, the appearance of harmony of the materials was 
ignificant  a ecte   t e ect  reaction  to t e re ection  o  t e ti ting am e  n t i  t  
e rt er in e tigate t e a earance armon  ing rea  materia  an  ren ere  image  a e  on 

a c o ica  e eriment  n t e e eriment  e re are  ren ere   ro n ro in air   
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am e  it it o t monitor  e fin ing  rom t e P  ana i  in icate t at armon  o  categorie  

o  g o  or tran arenc  materia  are more i e  to c ange  en t e materia  are i a e  a  
image  e e re t  gge t t at a earance armon  o  e t ie  a ter a ing con i ere  
m c  i erence et een t e i a e  image  an  t e act a  am e
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ABSTRACT 
Color harmony has long been of interest to researchers in different fields who design the 

colors of various objects. When sensing harmony among actual objects, not only the 

harmony among the colors but also the appearance of harmony of the materials is an 

important consideration. In the previous study (Tanaka et. al., AIC2014), we investigated 

the appearance of harmony of various materials by conducting psychophysical experiments 

to collect quantitative data. In this study, we further investigated the appearance harmony 

using actual objects and rendered images and conducted the psychophysical experiments. 

Our results indicated that the sample pairs with similar reflection and texture patterns were 

viewed as harmonious, even though their materials were different. Furthermore, the 

appearance harmony of the materials was significantly affected by the subjects’ reactions 

to the visual information of the displayed samples with/without monitor. 

1. INTRODUCTION 
Color harmony has interested researchers involved in color design based on various objects 

for a long time (e.g., Judd & Wyszecki, 1975; Hård, & Sivik, 2001; Burchett, 2002). By 

contrast, other traits related to harmony have not been investigated deeply in previous 

studies. The relationship between product identity and shape has been discussed (e.g., Bar 

& Neta, 2006; Nasser & Marjan, 2010; Ye, et al., 2014), but these studies investigated the 

preference for a single shape such as a kettle (Nasser & Marjan, 2010) or a chair (Ye, et 

al., 2014), whereas they did not consider two-shape combinations. Chen et al. investigated 

the relationship between preferences for color-pairs and shapes, but they did not discuss 

two-shape combinations. In the field of texture analysis, a single texture has been used in 

preference analyses. In 2014, Qiao et al. began the study of texture harmony (Qiao et al., 

2014).  

Recently, the analysis of material appearance has been studied actively. Most of these 

studies have focused on visual estimates of the specific properties of materials, such as 

glossiness, translucency, or roughness. According to experimental studies of material 

harmony, most of our empirical knowledge of harmony is based on specific material 

clusters in the actual field of industrial design, such as combinations of wood or stone used 

in architecture, or combinations of metals used in the car production. However, to the best 

of our knowledge, there have been no previous studies of the appearance harmony of 

materials.  

Thus, in the present study, we investigated the appearance harmony of materials based 

on psychophysical experiments. Although numerous materials are mixed in the real world, 

the harmony among different materials has received little attention. In this study, we 

investigated the harmony across material categories.  
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2. EXPERIMENTAL STIMULI 

2.1 Materials dataset 
To investigate the perception of materials without being influenced by shape, we produced 

a dataset of 30 exemplars (size = 50 × 50 mm). The individual exemplars were selected 

from 10 material categories, i.e., stone, metal, glass, plastic, leather, fabric, paper, wood, 

ceramic, and rubber, thereby covering a wide range of material appearances. The materials 

are shown in Fig. 1. As noted by Albertazzi and Hurlbert (2013), color has a strong 

influence on perceptual qualities. However, it is difficult to collect uniform material 

exemplars of various hues, so we only collected exemplars with low saturation. In Fig. 2, 

the symbol “×” represents the location of each exemplar on the CIE xy chromaticity 

diagram. The number of exemplars in each material category was unequal because they 

were collected according to the differences in their surface properties. The material 

samples were used to generate 435 round-robin pairs, which were coupled arbitrarily and 

presented to the subjects, i.e., two samples each time.   

 

      

     Fig. 1. Material dataset of 30 exemplars.   Fig. 2. Chrominance of the material 
samples. 

2.2 Image dataset 
We hypothesized that when materials are reproduced on a monitor, the following factors 

might strongly affect the perceptual harmony: intensity, color reproduction, and resolution. 

Thus, we constructed an imaging system to facilitate the accurate reproduction of the real-

world display materials, where the camera system comprised an RGB camera and a 

standard lens. The camera used to obtain a linear camera output was a Canon EOS 5D 

Mark II, with a sRAW2 image size of 2784 × 1856 pixels and a quantization level of 14 

bits. We then prepared a color image dataset by capturing the materials which placed in a 

viewing booth. The output monitor was an Apple 15.4" MacBook Pro with Retina display, 

where the widescreen, LED-backlit IPS screen had a glossy finish, with a native resolution 

of 2880 × 1880 pixels and 220 pixels per inch. Using a calibration process, we verified that 

the intensity and chromaticity of the real materials and their images reproduced on the 

display were almost equivalent. 
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3. EXPERIMENTAL METHODS 

We conducted two different experiments, as follows. 

 (1) Experiment A: 
Sample pairs were placed such that their surfaces and viewing directions were 

perpendicular to the subject. In this experiment, subjects assessed the harmony or 
disharmony of each sample pair based on their two-dimensional surface appearance.  

(2) Experiment B: 
The static sample pairs used in Experiment B were photographed using a digital camera. 

Subjects assessed the appearance harmony or disharmony of each sample pair appeared on 
the images displayed on a calibrated monitor. 

After dark adaptation for two 2 min, the subjects evaluated the pairs according to each 
experimental method. A forced-choice, 10-point scale was used to rate harmony-
disharmony. The subjects determined the appropriate rating for each combination from 1 
(disharmony) to 10 (harmony) and recorded them on answer sheets. In each experiment, 
435 pairs were evaluated and over 30 pairs were then selected from the 435 pairs to 
confirm the reproducibility of the experimental results. The subjects were asked to wear 
gloves in order to avoid the possibility of tactile effects confounding their assessments. In 
each experiment, the subjects conducted the evaluation in a specified order and they 
changed the evaluation samples themselves. Five subjects participated in this experiment. 
All of the subjects were native Japanese with normal color vision. 

4. EXPERIMENTAL RESULTS 

4.1 Intra- and inter-participant variances 

The intra-participant variance was calculated as the average variances in the ratings 
between the two sessions. The inter-participant variance was calculated as the average 
ratings for each of 435 pairs by five participants. 

Table 1 summarizes the intra- and inter-participant variances in the ratings. The intra-
subject variance was based on 30 samples, which were shown twice. The inter-subject 
variance in the right row of Table 1 shows the average variance of the ratings among 435 
pairs. As shown in Table 1, we confirmed that the variance in the intra-subject ratings was 
less than the variance in the inter-subject ratings.  

Table 1. Variances in the Inter- and intra-participant ratings. 
Experiment Inter-var. Intra-var.

A 0.52  3.73  

B 0.32  2.77  

 
The observed variance had one notable feature, as shown in Table 1, i.e., the ratings in 

Experiment A varied among subjects, whereas the ratings in Experiment B were stable 
among subjects. This suggests that the richness of the real-world information was sensitive 
to the perceptual harmony ratings. These results show that the evaluations of appearance 
harmony using actual material samples differed from the surface appearance assessments 
obtained based on captured images.  

4.2 Perceptual harmony ratings within and across the categories of materials 
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Table 2 summarizes the averaged perceptual harmony ratings for all subjects within the 
same material category and across different material categories in each experiment. As 
shown in Table 2, the ratings for sample pairs within the same material category were 
higher than the ratings across material categories. In all the experiments, the “Metal-
Metal” pair had the highest harmony ratings. By contrast, the harmony ratings for 
“Leather-Leather” and “Paper-Paper” were categorized as perceptual disharmony. These 
results suggest that the perceptual harmony ratings depended on the materials, where two 
samples within the same material category could be perceived as having appearance 
disharmony. Interestingly, the harmony rating for “Paper-Metal” was higher than for 
“Paper-Paper”. This indicates that the perceptual harmony of the pairs in different material 
categories could be higher than that of pairs within the same material category. Metal, 
plastic, ceramic and rubber shared the most harmony with each other across material 
categories. “Glass-Plastic” also had a high perceptual harmony rating. These results 
indicate that materials can be harmonized across material categories.  

Table 2. Averaged harmony ratings for the categories of materials. 
Experiment Within material Across materials 

A 6.68 4.02  

B 6.43  4.14  

 

4.3 Changes in harmony between experiments 
As shown in Table 2, the average ratings in Experiments A and B did not differ 
significantly. However, there were some notable differences between the experiments. For 
the pair of plastic and rubber, the average rating indicated harmony in Experiments A 
(7.60) and B (7.30). For the pair of glass and rubber, the average rating changed from 
disharmony in Experiments A (4.80) to harmony in Experiment B (6.80). In this case, the 
appearance of the material may have differed between the real objects and the displayed 
images.  

Some of the ratings for each pair differed in the experiments. Table 3 shows the ratings 
and pairs that changed greatly between experiments. In Experiment B, the average ratings 
across all subjects changed by a maximum +4.8 (pair 6 and 13) from Experiment A to B. 
Pair 6 (chrome, metal) and 13 (gray calfskin, leather), as shown in Fig. 3(a), had low 
ratings in Experiment A because their surface properties differed greatly in appearance. 
However, this difference could not be perceived when this pair was displayed on the 
monitor in Experiment B. By contrast, the average rating across all subjects changed by a 
minimum of –5.2 (pair 12 and 14) from Experiment A to B. Pair 12 (pig suede, leather) 
and 14 (cotton, fabric) had a high rating in Experiment A because their surface textures 
and colors were similar. However, in Experiment B, a low rating was obtained due to the 
low resolution of the monitor, as shown in Fig. 3(b). In these cases, the material 
appearance may have differed between the real objects and the displayed images. 

Table 3. Harmony changes between experiments. 
Experiment Up (pair) Down (pair) 

A B +4.8 (6-13) -5.2 (12-14) 
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(a)                                                       (b) 

(a) Pair 6 (metal) and 13 (leather) , (b) Pair  14 (fabric) and 12 (leather) 
Fig. 3. Pairs that changed significantly between experiments. 

4.4 Distributions of samples in the appearance harmony space 
We performed a principal component analysis (PCA) of all the ratings across materials to 
facilitate the visualization of the distributions of material classes in the appearance 
harmony feature space. We created a 30 × 30 diagonal matrix where the lines and columns 
represented the 30 material samples. Each element in the matrix showed the average rating 
for a pair, where we assumed symmetry among the rating. The diagonal components were 
considered to be the maximum ratings because a diagonal showed the ratings for pairs of 
materials. We derived 30 dimensions and 30 PCs from the matrix. Therefore, materials 
with the same harmony properties had the same PC coefficients. In all of the experiments, 
the first three PCs accounted for almost 92% of the variance. It should be noted that the 
remaining 8% of the variance in the distribution was accounted for by the other 27 
dimensions. Thus, regardless of the methods used to determine the appearance harmony 
among materials, we can obtain an approximation of the overall distribution simply by 
using the first three PCs.  

Figure 4 shows the ratings for each sample projected onto the first two PCs where each 
image is color coded by its true class membership. The open circles indicate the average 
for each material class and the same color corresponds to the same material category. The 
observed distribution in the PC space has several key features. As shown in Figure 4(a), 
with the exceptions of wood and fabric, the material categories overlapped with each other 
in Experiment A. This indicates that the degree of harmony did not depend on the material 
clusters in a stationary state, unlike the objects that could be moved. Furthermore, most of 
the material categories overlapped with each other in Experiment B, as shown in Figure 
4(b). This suggests that the degree of harmony did not depend on the material clusters in 
the displayed images. 

5. CONCLUSIONS 
We investigated the appearance harmony among various materials by conducting three 
psychophysical experiments using the following real materials and their displayed images. 
In Experiment A, the samples were placed such that their surfaces and viewing directions 
were perpendicular to the subject. In Experiment B, static sample images were displayed 
on a monitor. Based on the intra- and inter-participant variances, we found that the 
perceptual harmony ratings were sensitive to the richness of the information available in 
the real world. In addition, the ratings were sensitive to the reflectance properties obtained 
by tilting objects. However, the perceptual harmony ratings were insensitive to the poor 
information obtained from rendered images.  

Based on subjective assessments, we confirmed that sample pairs with similar surface 
properties were viewed as harmonious, although the materials were different. Indeed, the 
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appearance harmony of the materials differed between static real samples and static 
images. The results of the PCA indicated that the degree of harmony did not depend on the 
material clusters in a stationary state and the displayed images. 

 
     (a) Experiment A.                                        (b) Experiment B. 

Fig. 4. Distribution of samples in the first two PCs. 
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The Colour of Gold
in a   

m act e earc  ro  ac t  o  ngineering  ni er it  o ege on on

ABSTRACT
ere i  not ing a o te a o t t e co o r o  an o ect r ace  it c ange  contin a  it  

i mination an  orientation  So o  can e e ine t e co o r o  a r ace  i en man  image  
o  t e ame o ect  e en n er t e ame ig t rom man  ang e  at i  t e tr e  r ace co o r  

o orimetr  eci ie  t e co o r o  an o ect a  t e ro ct o  t e i minating o er  t e 
re ectance actor o  t e r ace  t e en iti it  o  t e o er er  integrate  o er a  a e engt  o  
t e i i e ectr m  i  i  t e a i  o  t e i ito   tem  t it re ie  on t e a m tion t at 
t e r ace i  er ect  matte o e er  oint re ect  t e inci ent ig t e a  in a  irection  i e  t at 
it i  er ect  am ertian

n act a mo t e er  rea  materia  e i it  ome ang ar e en ence in t e a  it re ect  ig t  
an  t i  m t e ta en into acco nt en mo e ing t e a earance o  t e o ect in t e cene   
adding a gloss component to the underlying diffuse colour. The added light may appear as a sheen over 
t e r ace or a  oca i e  ec ar ig ig t  t it  e ect i  to mo ate t e ig tne  an  t ere  
c ange t e co o r tim  i  i  e ecia  tr e o  go  ic  com ine  g itter  ec arit  an  
sheen over a wide range of angles to give it a uniquely lustrous quality that sets it apart from ordinary 
materia  o eci  t e co o r o  go  on   a ing e co orimetric tri et i   in ee

e ome imaging tem at  ena e  et  o  image  o  an o ect to e ta en it  
i mination rom i erent irection   emi ere o   metre iameter i  fitte  it   a  ig t  
ca i rate  o t at t e geometric centroi  o  e er  ig t o rce i  no n to it in mm   i on 
igita  camera at t e nort  o e  ca t re  a erie  o   co o r image  eac  i minate   ig t rom 

a i erent irection  a  in i e  regi ter  i  ena e  t e o ect to e i a i e  rom a fi e  ie ing 
ang e  i e  ertica  rom a o e  or man  i erent ang e  o  inci ence

e a er i  e ain o  t e r ace norma  are ca c ate  rom regre ion o er a et 
o  t e inten it  a e  e co o r a e o ari ing rom t i  roce re i  a goo  a ro imation o  t e 
intrin ic i e com onent o  t e r ace re ectance  e ec ar com onent o  re ectance i  t en 
mo e e  a  a ra ia  nction a e  on t e orent ian  it  o r arameter  contro ing t e a e 
o  t e an  an  ea  e  o  a omogeneo  region o  t e o ect r ace can e eri e   
aggregating an  fitting t e i tri tion  o er man  i e  centre  on t e ec ar ang e  t i  o n 
o  or go  t i  con orm  to t e S a er ic romatic mo e  o  re ectance

e image  recon tr cte  rom t i  mo e  are irt a  in i ting i a e rom t e origina  
otogra  ta en in t e ome it  ig t at t e ame inci ent ang e  am e  o  e era  go en 

o ect  i  e gi en  inc ing a cara  it  a go  an  rom ancient g t c   
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ABSTRACT
e re ection rom t e r ace o  go  con i t  o  ot  a o  co o r ar  an  i e  an  
ec ar ig ig t  rig t an  meta ic  S r ace norma  an  a e o are ca c ate   

regre ion o er a et o  t e inten it  a e  rom a et o  image  ta en in an i mination 
dome. The specular component of reflectance is mo e e  a  a orent ian function of radial 
ang e rom t e ec ar ea  irection  en ering t e r ace  a mo e  t at a  i e 
and specular components at each pixel for any direction of incident illumination gives a good 
im ation o  t e a earance o  t e origina  o ect  t i  o n o  for gold this conforms 

to the Shafer dichromatic model of reflectance.

1. INTRODUCTION 
ere i  not ing a o te a o t t e co o r o  an o ect r ace  it c ange  contin a  it  

i mination an  orientation  So o  can e e ine t e co o r o  a r ace  i en man  
image  o  t e ame o ect  e en n er t e ame light from many angles, what is the ‘true’ 

r ace co o r  o orimetr  eci ie  t e co o r o  an o ect a  the product of the 
i minating o er  t e re ectance actor o  t e r ace  t e en iti it  o  t e o er er  
integrate  o er a  a e engt  o  t e i i e ectr m  i  i  t e a i  o  t e i ito  

 tem  t it re ie  on t e a m tion t at the surface is perfectly matte so every point 
reflects the incident light equally in all directions, i.e. that it i  er ect  am ertian  n act 
a mo t a  rea  materia  e i it ome ang ar dependence in the way they reflect light, and 
t i  e a io r m t e ta en into acco nt en mo e ing t e a earance o  t e o ect   
adding a gloss component to the underlying diffuse colour. The added light may appear as a 
sheen over the surface or as loca i e  ec ar ig ig t  t its effect is to modulate the 
ig tne  an  t ere  c ange the colour stimulus.  

Figure 1. (left) Reverse of gold-plated threepence; (right) Reflectance spectra of 10 measurements. 

i  i  e ecia  tr e o  go  ic  com ine  g itter  ec arit  an  een o er a i e 
range of angles to give it a uniquely lustrous quality that sets it apart from ordinary materials. 
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i  i  e ecia  tr e o  go  ic  com ine  g itter  ec arit  an  een o er a i e 
range of angles to give it a uniquely lustrous quality that sets it apart from ordinary materials. 

o eci  t e co o r o  go  on   a ing e co orimetric tri et  or e en  a ing e 
re ectance ectr m  o  e  in ee   an example, a freshly gold-plated silver 

ng i  t ree ence a  e ecte  a  a te t o ect an  mea re  it  an rite i Pro 
spectrophotometer. The spectral reflectance di tri tion  rom  cce i e mea re ment  
are shown in Fig. 1. The characteristic rise in reflectance at 540nm corresponds to an energy 
an  at  e  in re go  ere ree e ectron  in t e an  can ma e t e tran ition to 
nocc ie  tate  in t e con ction an  Saeger  o ie   t i  e i ent in t e et o  

measurements that, although the shape of the curve remains the same, the magnitude of the 
re ectance arie   a actor o   i  can e e aine   t e mea rement geometr  o  
the instrument, which is designed for measurement of flat surfaces, such as prints on paper, 

ic  ma  or ma  not e g o  e  ang e of incident light and  ang e o  ie  or 
the sensor ensures that the specular component of reflection is avoided. But when the 
in tr ment i  remo e  an  t en ro g t ac  each time with the aperture in a different 
position over the relief surface of the coin, a different i tri tion o  cattere  ig t reac e  
the sensor and the reading changes. The majority of the variation in the measured 
colorimetric values is in the luminance, not t e co o r  in   c romaticit  t e range 
in x,y,Y i     an  in L*a*b* the corresponding 
range i     

2. DOME IMAGE PROCESSING 
e ome imaging tem at  ena e  et  o  image  o  an o ect to e ta en it  

illumination from different directions. A hemisphere of 104 cm diameter is fitted with 64 
a  ig t  ca i rate  o t at t e geometric centroid coordinates of every light source are 
no n to it in mm ac ona  et al    i on  igita  camera at t e nort  

pole’ captures a series of 64 colour images, each illuminated from a different direction and 
a  in i e  regi ter  i  ena e  t e o ect to e i a i e  rom a ixed viewing angle, i.e. 

ertica  rom a o e  or man  i erent ang e  o  inci ent ig t  mage et  ca t re   t e 
tem can e i a i e   t e o nomia  texture mapping (PTM) technique, which has 

numerous applications in archaeo og  an  c t ra  eritage ar  et al, 2010). 

Figure 2. Intensity distributions for a single pixel: (left) in lamp order; (right) sorted. 

The difficulty with gold, and indeed with all shiny and glossy materials, is that they reflect 
strongly in the specular direction. So in the vector of 64 intensity values for any pixel, there 
are a few values much larger than the others, corresponding to positions where the surface 
norma  i  c o e to t e i ector o  t e ang e etween the illumination vector (toward the light) 
and the view vector (toward the camera). This results in images with high dynamic range 
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ere a e  i e  ma  e  time  greater in a e t an t e ma orit  n t e ome  image  
are ca t re  an  roce e  a  inear it per channel (range 0–65535), setting the lens 
aperture to f/11 to avoid over-exposure. Fig. 2 shows the intensity distri tion or a ing e 
pixel on the rim at the upper le t e ge o  t e coin  ne a e is ~4000 and five are in the 
range  t mo t ot er  are e  t an 200. The magenta curve shows what the 
inten itie  o  e or a er ect  matte am ertian  r ace it  t e ame a e o an  
norma  ang e  t i  c ear t at t e ec ar ea s are much greater in intensity than the cosine, 

t a  ot er a e  are o er   t e meta ic gold surface is genera  ar er t an t e 
diffuse equivalent, except for a e  rig t ig ig t  

Figure 3: Image components derived from processing the original set of 64 images: 
(left to right) albedo, normals, specular colour, specular normals. 

The processing method is to identify from the intensity di tri tion o  a 3 pixel 
neig o r oo   a e  in tota  a range o   a e  et een t e a o  an  

ec ar region  ic  are ta en to e re resentative of the non-spec ar o  co o r  o  
t e o ect t e e ot  in ig. 2 right). Then using the principle of ‘shape from shading’, a 
regression is performed on the corresponding lamp vectors to e timate t e mo t ro a e 
direction of the surface normal at that pixe  ac ona   e a e o i  t e magnit e 
of the normal vector, and its appearance is 

r ri ing  ar  ig   e t  e r ace norma  
are re re ente  in ig    the standard false-colour 
coding with X values in red,  in green an   in e  

ote t at t e image et a  ta en it  a i or 
200mm macro lens plus a 40mm extension ring, so 
the coin diameter of 21.0 mm spans 2060 pixels in 
the image. This means that the spatial resolution is 

 i e mm  i e   i e  represents 10.2 microns on 
the surface of the coin. 

The second stage of processing is to determine the 
specular vector at each pixel, i.e. the direction of 
maximum specular reflectance. First the ratio, or 
specular quotient, is calculate  et een t e act a  
intensity value and the diffuse component for each 
am  i  o  e t e ac  a e i i e   t e 

magenta value for each of the 64 points in Fig. 2.) For semi-matte surfaces the quotient 
values are typically in the range 0.5 to 2.5, t or ig  g o  an  in  meta ic r ace  
t e  ma  e er  arge  n this case the maximum value over t e image o  t e coin i   
which is indicative of the high dynamic range of the imagery. To facilitate the computation, 
a compression function is applie  to t e otient  a ower function with fractional 
e onent  n t i  ca e an e onent o   i e  are root  a  een e  gi ing a ma im m 

Figure 4. Vectors for a single pixel, 
showing view vector (black), normal 

(magenta), ideal specular (red dashed) 
and computed specular (thick red). 
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quotient value of 62.3. A weighted sum is made 
o  a  t e norma i e  am  ector  a o e a 
t re o  o   an  it in  o  t e norma  
vector, using the magnitude of the quotient as the 
weighting factor. For the pixel in Fig. 2 there are 
i e ec ar ector  o n  t e t in re  ine  

in ig   it  t e re t o n  t e t ic  re  
ine  ne mig t o e t at t e ec ar ang e 

o  e e act  o e t at of the normal, as it 
o  e or a er ect mirror r ace  t in act 

there is a great deal of variation. This is caused 
not on   noi e  t a o  t e i e  am ing 
positions on the dome. Moreover granularity and 
surface imperfections, such as scratches and dust, 
ca e ert r ation  in t e irection o  t e 
strongest reflectance. The scatter is clear when 
t e ec ar ang e rt t e  a i  i  otte  again t 
the normal angle for 10,000 points randomly selected throughout t e image ig   n tea  
of lying along the line of slope 2 they are spread over a wide range o  ang e  ot  greater 
t an an  e  t an t e norma  ang e  e ori ontal lines of red dots in the figure are 
computational artefacts, where the specular vector lies exactly toward the lamp, so they 
indicate the incident angles of the five lamp tier  in t e ome at     an   

The specular colour at each pixel is computed 
from the colours of the selected specular values, 
using the same weighting factors derived from the 
specular quotients. The resulting colour for the 
whole coin is shown in Fig. 2 (centre right) and it 
i  a arent t at t e co o r a ance i  ig t  
greenish, certainly less re  t an t e a e o  e 
re ation i  can e e ore   otting 
corresponding values for a random selection of 

 oint  t ro g o t t e image area  n ig  
 a e o co o r  are o n a  ac  ot  an  t e 

specular colours as red dots in a normalised 
 c e  o o n are ine  re re enting 

the first principal component of each cluster of 
points, which tend in different directions. The 
a e o o  co o r  i  ar er and on the red side 
of the neutral axis, whereas the specular colour is 
lighter and on the green side of t e ne tra  a i  ot  are e o  ne tra  on t e e a i  
meaning t at ot  are e o i  ote t at a  image  ere ta en it  t e i on camera 

ite a ance et to a  not a to ite  an  t at t e image  ere correcte  to en re t at 
equal values of R,G,B would correspond to neutra  gre  e ore t e image processing was 
n erta en  e t o ector  in  co o r ace enote   t e re  an  ac  ine  in 
ig   ma  e con i ere  a  e i a ent to t e inter ace an  o  co o r  i enti ie   S a er 

 in i  ro o a  or a ic romatic mo el of reflection from a material surface. 

Figure 6. Specular vs albedo colours      
for 10,000 random points in image. 

Figure 5. Specular vs normal angles
for 10,000 random points in image. 
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3. IMAGE RENDERING 
e i tri tion o  t e ec ar quotient around the specular pea  ang e a  een o n  or 

a ariet  o  materia  to e mo e e  e   a mo i ie  orent ian nction ac ona  
 ic  ta e  t e orm o  a c r e  ea   a inear an  

݂ሺ߱ሻ ൌ ೌ
ଵାሺఠȀೞሻ

 ቀͳ െ ఠ
ଵ଼
ቁ (1) 

where ߱ ൌ �����ሺۺ ή ሻ܁ is the specular radial angle in degree  et een t e am  ector an  
ec ar ector   t e i tri tion i  c aracterised at each pixel in terms of three 

parameters:  is the amplitude, ௦ is the scale and  i  an e onent  e an  i  not itte  
to t e i tri tion o  otient a e  t i  a me  to e an in ariant cone o  a e  at t e 
a e  an   at  rom t e ec ar ector  n t i  mo e  t e e onent  o  t e ea  term 
is not constant = 2, as for a standard Lorent ian  t can ar  o er t e range  e 
parameters of the curve are determined for eac  i e  rom t e i tri tion o  ec ar 
quotient values in the polar plane. The angle of the specular vector is translated to the centre 
of the plane, and the angles of all incident am  ector  are tran ate   an e a  amo nt  
Delaunay triangulation is applied to the distri tion o  oint  on t e polar plane; when 
plotted as a mesh in 3D, with quotient value on t e  a i  t e i tri tion orm  a o e ra  
centra  ea  rro n e   an irreg ar an  ig   

Figure 7. (left) Lorentzian distribution of intensity as a function of radial angle; 
(right) Profile modelled on the polar angle plane, fitting to Delaunay triangulation. 

The complete model for rendering images under a single light source adds the diffuse and 
specular terms: 

ܫܣ ൌ ۺ ή ܣۼ  ሺ݂ሺ߱ሻ െ ͳሻܵܣȀܵ (2) 

where  iܣ  t e a e o co o r  ܵ is the specular colour, ܣ i  t e monoc rome a e o 
(weighted sum of the R,G,B channels of ܣ), and ܵ is monochrome specular intensity. 
This gives images that are realistic in appearance and a good match to actual photographs 

ig   t i  im ortant to recogni e t at t e ecular reflection is not isolated at the specular 
ea  ang e  t e ten  o er a ide range of angles. Without thi  roa  an  in t e ec ar 

re ectance i tri tion t e ren ering o  e ar er it  cattered pinpoint highlights and 
o  not e rea i tic  
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ig   t i  im ortant to recogni e t at t e ecular reflection is not isolated at the specular 
ea  ang e  t e ten  o er a ide range of angles. Without thi  roa  an  in t e ec ar 

re ectance i tri tion t e ren ering o  e ar er it  cattered pinpoint highlights and 
o  not e rea i tic  

Figure 8 juxtaposes the actual 
otogra ic image ta en in t e 

ome i minate   am   it  
t e image ren ere     
Although not identical, the two are 
similar in terms of the overall 
tona it  an  i tri tion o  
highlights. Because the model is 
a e  on a contin o  nction o  

ang e  image  can e ren ere  or 
a virtual light source at any 
position in the hemisphere. 

 t e co o r o  go  can e represented as a sum of two com onent  a ar  re i
e o  o  co o r  t e a e o corre on ing to the diffuse reflectance from the material, 

 a rig t greeni e o  ig ig t it  a roa  ang ar i tri tion aro n  t e ec ar 
ea   more com ete mo e  o  nee  to ta e into acco nt t e re ne  e ect  ic  

causes the spectrum of the reflected light to flatten at angles o  inci ence greater t an  
oo   orrance   i  i  con irme   o er ations of gold materials in which the 

perceived colour changes from yellowish, when the incident light is normal to the surface, 
to whitish as the angle of inci ence i  increa e  a a a  omat   on er e  
multiple reflections from facets on the surface cause t e ectr m o  t e re ecte  ig t to e 
m ti ie  an  ence to a ear ar er an  more at rate   en t e o ect i  i e  
illuminated, with incident light from many directions, the characteristic golden radiance 
suffuses the whole surface an  ring  it to i e  
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Figure 8. (left) Photographic image for dome lamp 60; 
(right) image rendered with light from same direction.
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Preferred LED Lighting for Wood Surfaces and Colored Surfaces
ar  S 1

1 cerne Sc oo  o  ngineering an  rc itect re

ABSTRACT
The perceived atmosphere of an interior space is a whole of all consisting elements. Light as 

art o  t i  con tr cte  en ironment in ence  ecifica  t e i a  a earance o  interior e ement  
i e o ect  or materia  n a re io  t  re erence  or  interior materia  n er i erent ig t 
it ation  ere e a ate  n t i  t  a earance o   i erent t e  o  oo  an   co or am e  

from the Natural Color System (NCS) catalog were examined. This were 4 highly saturated colors in 
ni e e  an   at rate  co or  in e  e act  o itione  in et een   e atter mentione  e  

were additionally presented in pastel versions.  
 e aine  e ore t e i mination o  t e cene contri te  to it  i a  a earance  e 

re ent re earc  eat re  a i e  i e com ari on o  t o cene  i minate  it  i erent  ig t 
o rce  arm ig t it  a orre ate  o or em erat re  o  a ro   or co  ig t it  

a  o  a ro   or ot  o rce  t e o or en ering n e  a  a o e  e a erage 
mination e e  a  in ot  cene    

 er orming a orce  c oice ta  artici ant  e re e  t eir re erence or one o t o  t o 
light conditions. The study design was within-persons (all participants were confronted with all 
experimental conditions). Twenty-seven second year interior architecture students participated in the 
experiment as part of their study course.

The results of this explorative study were not fully conclusive. For red color the results from 
t e re io  t  ere confirme  Pre erence  or ot er materia  i  not i er ignificant  rom t e 
c ance e e  ence t e re t  o  t i  t  ea  to t e a m tion t at ig t tem erat re mig t e a 
eci i e actor in ig ting c oice or ecific materia  t mig t not e t e ca e or a  materia  t 

certain  t ere are co or  ro a  a o t e  o  materia  t at eo e a e c ear re erence  or co  
versus warm light.

Preferred LED lighting for wood surfaces and colored 
surfaces

ar  S 1

1 cerne Sc oo  o  ngineering an  rc itect re 

ABSTRACT
e age o  ig t mitting io e   a  light sources in architectural lighting 

a ication  i  ic  increa ing  e re ent research addressed questions of material 
a earance  com aring e ect  o  i erent -spectra. Preferred visual appearance is 
acce e  or a et o   co or  ta en rom t e Natural Color System (NCS) catalog and a 
set of 8 types of wood surfaces. The results of this study demonstrates that certain hues fit 

etter to ig ting it  ig er corre ate  co or temperature (cooler light) and other hues fit 
etter to ig ting it  o er  armer ight). Concerning the appearance of the wood 

surfaces the results are not fully conclusive. e o er e  reaction  ea  to t e a m tion 
that mainly hue determines the correlated light tem erat re o  t e  ig t o rce t at i  
preferred.

1. INTRODUCTION 
The perceived atmosphere of an interior space is a whole of all consisting elements. 
Lighting as part of this constructed environment influences the visual appearance of 
o ect  an  materia   re io  t  a a aite Sc ac  ei inger an  Sc ra er  
2015) evaluating lighting preferences for surfaces demonstrated that choice of the optimal 
lighting depends on the material and its typical characteristics. Light sources with a CCT 
o   are re erre  or re  car et an  nt etic t r  materia  or ig t e ag tone 
an  e  materia  ig t o rce  it    are re erre  on er ation  it  
design experts, interior architects and architects are supporting the assumption to use 
warmer light for warm hues and cooler light for cooler hues. The first hypothesis tested is 
that people have clear preferences for warm or cold lighting, depending on the hue of the 

r ace  mong ig ting ecia i t  it i  e  acce te  t at man in an  nat ra  
materia  a  oo  r ace  it etter t an ot er  to ge ig ting a it  e econ  art 
of the study is of explorative character and concerned with the appearance of different 
types of natural wood surfaces.

2. METHOD 

n t i  t  a earance o   co or am e  rom the Natural Color System (NCS) catalog 
and 8 different types of wood are examined. om ari on i  one i e  i e ing t o 
ca inet  i minate    ig t o rce  o  i erent co or tem erat re  

2.1 Materials 
Two sets of materials are used to evaluate light preferences. The first set consists of 12 
samples of NCS colors (NCS, Sweden). This are 4 highly saturated colors in yellow, red, 

e  green an   at rate  co or  in e  e act  o itione  in et een  n t e S e 
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r ace  mong ig ting ecia i t  it i  e  acce te  t at man in an  nat ra  
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and 8 different types of wood are examined. om ari on i  one i e  i e ing t o 
ca inet  i minate    ig t o rce  o  i erent co or tem erat re  

2.1 Materials 
Two sets of materials are used to evaluate light preferences. The first set consists of 12 
samples of NCS colors (NCS, Sweden). This are 4 highly saturated colors in yellow, red, 

e  green an   at rate  co or  in e  e act  o itione  in et een  n t e S e 

circle this 8 samples show equal distances and include the two major axes with the so 
called unique hues. The latter mentioned hues were additionally presented in pastel 
versions.

Figure 1: Set of 12 NCS color samples. 

Preci e tec nica  c aracteri tic  o  t e e  co or am e  are o n  in ta e   

Table 1. Characteristics of the 12 color samples. 

NCS-color
tone

NCS
lightnes
s

CIE Yxy CIE La*b* 

Y x y L a* b*
S0580-Y 0.86 65.1 0.48 0.48 84.5 6.1 99.5

S0580-Y50R 0.62 34.5 0.55 0.40 65.4 46.6 69.0

S1080-R 0.32 11.7 0.57 0.32 40.8 58.3 28.9

S3055-R50B 0.3 10.6 0.30 0.21 38.8 33.6 -27.9

S1565-B 0.45 21.6 0.18 0.24 53.6 -24.7 -36.3

S2060-B50G 0.48 24.0 0.20 0.34 56.1 -45.6 -9.6

S1565-G 0.52 26.9 0.25 0.45 58.9 -53.4 19.5

S0565-G50Y 0.78 54.0 0.40 0.49 78.4 -22.6 66.4

S0520-Y50R 0.86 67.8 0.38 0.36 85.9 13.6 22.8

S0520-R50B 0.85 67.7 0.31 0.31 85.8 7.6 -8.6

S0520-B50G 0.88 73.3 0.29 0.33 88.6 -14.2 -2.9

S0520-G50Y 0.93 82.3 0.34 0.38 92.7 -9.9 23.7

Note    or  o er er  a  re erence ig t   

The second set consists of 8 types of wood surfaces: Fir, Staghorn sumac wood, Maple 
oo  Po ar  e  oa  o inia  eec  oo  an  P m oo  o or ro ertie  o  t e e 

am e  are e cri e   t eir t ica  ectra  re ection c aracteri tic  ee ig   
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Figure 2: Spectral reflectance curves for the 8 wood samples

i a  re erence i  acce e   com aring isual appearance under two light conditions. 
ot  cene  are i minate  it   ig t sources: warm light with a CCT of approx. 

 an  co  ig t it  a  o  a ro   e o or en ering n e   i  
for all used light sources (Xicato, USA) a o e  e a erage i mination e e  in ot  
ca inet  i    ea rement  are one ing a minance eter  onica 

ino ta Sen ing  a an  

Figure 3: Two lighting cabinets illuminated by LED light sources of different CCT. 
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All participants assessed visual appearance  ie ing t e am e  in ront o  a gre  
ne tra  ac gro n  

2.2 Procedure 
 interior arc itect re t ent   omen  mean age 25 years) are participating in the 

experiment. None of the participants had color deficiency which is assessed with the 
i ara   co or e icienc  te t   er orming a orce  c oice ta  artici ant  

expresses their preference for one out of two light conditions. The study design is within-
persons (all participants are confronted with all experimental conditions). 

3. RESULTS AND DISCUSSION 
The light preferences for each of the 12 NCS samples are shown in Fig. 4. To address the 
question if materials are preferred under cold or warm light in a statistical manner, 
non arametric t o tai e  inomia  te t  are e ecuted. Tests for light preferences on each 
of the materials are done with significance at  e e  ing t e  SPSS  tati tica  
o t are ac age  e ro ortion o  t ent  re erence  i  com are  to  c ance 

level). The tests reveal, that participants have significant preference seeing red (NCS 
S1080-R) under the warm light condition, P = 0.002. The warm light is also preferred for 

r e co or S S  or t e e (NCS S1565-B) the cold light condition is 
re erre  o e er in ot  ca e  t e i erence from chance level only approached 

significance (P = .052). The proportion of preference  or ot er  materia  oe  not 
significantly differ from the chance (P > .12). 

Figure 4: Preferences for appearance of 12 NCS color samples in coolish or warmish 
light.
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The results for the 8 wood surface  are mmari e  in ig   e e cri ti e ercentage 
of light preference reveals that staghorn sumac wood is rather preferred in warm light 
con ition  erea  a earance o  ro inia i  re erred in cold light condition. Statistically 
are t i  i erence  not igni icant  t t e  oint o t t at c oice o  oo  t e ma  a  or 
specific light considerations.

Figure 5: Preferences for appearance of 8 wood samples in coolish or warmish light. 
.

4. CONCLUSIONS 
e t  con irme  t at  ig ting it  a  o   i  genera  re erre  or 

reddish hues. Light that fosters a cooler vi a  im re ion  o   i  genera  
re erre  or i  e  Pre erence  or other hues and the pastel samples did not differ 

significantly from chance level. The explorati e t  a o t a earance o  i erent oo  
types is not fully conclusive. Although it has shown that cooler light suit certain wood 

r ace  a  ro inia etter  it cannot e e aine   t e mea re  ectra  re ection 
c aracteri tic  t can e a me  t at or oo  r ace  e i e  t e re ection 
characteristics, respectively the hue, also grain, texture pattern and gloss might influence 
light preference.

n t i  t  ig t o rce  it  e ce ent color rendering characteristics are used, hence 
i a  a earance or a  am e  i  er  c o e to t e a earance n er a  re erence 
o rce  t o g  it i  no n rom iterat re t at visual preference of colors relates 

specifically to vividness and naturalness of its appearance (            
   t e  t at em a i e i ranc  o  co or  i  not con i ere  or t e re orte  

e eriment   o er e  e ect  on re erence t  can e attri te  to t e i erence in 
corre ate  co or tem erat re o  t e c o en  ig t o rce  
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ABSTRACT
antitati e e a ation or in co or an  in c romo ore  i tri tion i  im ortant in 

dermatology, physiology, pharmacology and cosmetic science. Various methods to evaluate facial 
igmentation ing image ana i  a e een ro o e  e  ro i e  t e i a  in ormation o  

me anin i tri tion  o e er  t e c rrent met o  cannot ro i e antitati e in ormation on 
igmente  ot  c  a  ariation in i e  a e o  co or an  i tri tion attern  n t i  t  e 
e cri e o r acia  imaging tem an  igment eci ic image roce ing tec ni e  an  e a o 

propose an image evaluation method focusing on the analysis of individual pigmented spot on wide 
area of a face.

Firstly, a facial imaging system which equipped with an illumination unit and a high-resolution 
igita  camera a  e e o e  e i mination nit em o e  ore cent am  a  a ig t o rce  t 
a  e igne  to ro i e i e i mination o er a i e area o  a ect  ace to e iminate a o  

an  arti act  rom ec ar re ection  acia  image  ere ca t re  an  ere con erte  to XYZ values 
rom  a e  a e  on a ca i ration ing  in co or c i  e t  to etermine t e me anin 

an  emog o in concentration  e e ta i e  igment eci ic image roce ing tec ni e  a e  
on coe icient et een XYZ a e  an  in c romo ore concentration  e in c romo ore 
concentration ere ca c ate   a m ti e regre ion ana i  a ming t at t e a or ance ectr m 

a  inear m o  t e a or ance ectra o  me anin  o genate  emog o in an  eo genate  
emog o in  ina  to o tain t e eat re  o  in i i a  igmente  ot  it in a c ee  image  e 

e ta i e  a im e o ect co nting a gorit m to ca c ate t eir i e  an  t e me anin concentration 
an  o on  o a i ate t e acc rac  o  antitati e image ana i  c ee  image  ere ca t re  ing 
the facial imaging system and were compared with the measurement values using a spectrophotometer. 

ing t e ne  met o o og  or in c romo ore an  in i i a  igmente  ot  to c ee  in 
image  e in e tigate  t e re ation i  et een t e c aracteri tic  o  ot  occ rrence an  age

 a re t o  c ee  image ana i  it   ian omen  e confirme  t at o r i mination 
nit a  a e to mea re in co or on i e area o  t e ace acc rate  n a ition  a c aracteri tic  

o  age re ate  c ange  o  igmente  ot  a  c ear  emon trate  n conc ion  o r tec ni e  or 
in c romo ore  an  in i i a  igmente  ot  a o   not on  to ro i e t e i a  in ormation 

o  t e me anin i tri tion t a o to n er tan  t e c aracteri tic  o  ario  igmente  ot  in a 
face.
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ABSTRACT 

The quantitative evaluation of skin color and skin chromophore distribution is important in 
dermatology, physiology, pharmacology, and cosmetic science. Various methods that 
evaluate facial pigmentation using image analysis have been proposed. These models 
provide visual information about the melanin distribution; however, the current methods 
cannot provide quantitative information on individual pigmented spots such as variation in 
size, shade of color, and distribution pattern. In this study, we describe our facial imaging 
system and pigment-specific image-processing techniques, and we also propose an image 
evaluation method that focuses on the analysis of individual pigmented spots on a wide 
area of the face. First, a facial imaging system that is equipped with an illumination unit 
and a high-resolution digital camera was developed. Facial images were captured and 
converted to XYZ tristimulus values from RGB values based on calibration using skin color 
chips. Next, to determine the melanin and hemoglobin concentration, we established 
pigment-specific image processing techniques based on relational expressions between 
XYZ tristimulus values and skin chromophore concentration. Finally, to obtain the features 
of individual pigmented spots in a cheek image, we established a simple object-counting 
algorithm that calculates spot size, colorimetric value, melanin concentration, and other 
features. Experimental results confirm that our system provides a reliable measurement 
with high precision and repeatability for skin color distribution on a wide area of the face. 
Applying the new methodology for individual pigmented spots to cheek skin images, the 
age-related changes of pigmented spots were clearly demonstrated. In conclusion, our 
techniques for skin color and individual pigmented spots allow us not only to determine the 
visual information about the melanin distribution, but also to understand the characteristics 
of individual pigmented spots on the face. 

1. INTRODUCTION 

The quantitative evaluation of skin color and skin chromophore distribution is important in 
dermatology, physiology, color science, and cosmetic science. Various studies have been 
conducted on the development of methods to evaluate facial pigmentation using image 
analysis (Tsumura, Haneishi, and Miyake, 1999; Masuda et al., 2001). These methods are 
based on the optical properties of light interaction with the components of the skin and 
provide visual information about the melanin distribution. However, such methods have 
not addressed in detail the quantitative information of individual pigmented spots, such as 
variation in size and colorimetric values or distribution patterns. In this study, we describe 
a facial imaging system that provides a reliable measurement for skin color distribution 
and pigment-specific image-processing techniques, and we also propose an image 
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evaluation method that focuses on the analysis of individual pigmented spot on a wide area 
of the face. 

2. METHOD 
This paper is organized as follows: Section 2 of the paper discusses the facial imaging 
system and algorithm that provide colorimetric values for skin, having high accuracy, 
simplicity, and reproducibility. It also proposes a pigment-specific image processing 
technique based on a relational expression between XYZ tristimulus values and skin 
chromophore concentration. Furthermore, it describes an object-counting algorithm that 
evaluates the individual pigmented spots. In Section 3, we performed validation tests of the 
imaging system and investigated the age-related changes of pigmented spots and skin color 
by applying the new methodology, and Section 4 concludes the paper. 

2.1 Facial Imaging System and Quantification of Color Values 
We developed a facial imaging system that consists of an illumination unit and a high-
resolution digital camera (Figure 1). The illumination unit employs fluorescent lamps 
(FPL30EX-D; Toshiba, Tokyo, Japan) with a correlated color temperature of 6,700 K. The 
lamps were designed to provide diffuse illumination over a wide field of the subject’s face 
to eliminate shadows and artifacts from specular reflections. Figure 2 shows the lightness 
distribution on a mannequin model, which indicates that the illumination unit is 
sufficiently accurate for analyzing facial skin color. A Canon CMOS digital photo-camera 
(EOS Kiss X3; Canon, Tokyo, Japan) containing of 4,500 (horizontal) × 3,000 (vertical) 
effective picture elements was used. It was equipped with a Canon lens (EF 35 mm F2; 
Canon, Tokyo, Japan). Facial images were captured with a neutral gray color chip 
(Murakami Color Research Laboratory, Tokyo, Japan) as the standard for color and 
brightness and stored as uncompressed tagged image file format (TIFF) images at a 
resolution of 1,500 × 1,500 pixels and 72 dots per inch (dpi). 

 

 

  

 

 

 

 

 

 

 

Figure 1: Facial imaging system.  

To ensure highly accurate conversion from linear RGB to XYZ tristimulus values, 
particularly in the skin color range, 100 color chips were selected based on experimentally 
acquired skin color data. Each color chip was captured by the imaging system to obtain all 
RGB color signals outputted from the camera and were measured with a contact-type 
spectrophotometer (CM-700d; Konica Minolta Sensing, Tokyo, Japan) to obtain the XYZ 

Figure 2: Lightness 
distribution of a mannequin 

model. 
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tristimulus values. The RGB image information was converted into XYZ data using values 
obtained by multiple regression analysis. The conversion expressions are written as 
follows: 

X = 0.001645R + 0.001116G + 0.000314B + 2.585143 

Y = 0.001110R + 0.002080G + 0.000065B + 2.359088 

Z = 0.000439R + 0.000610G + 0.002439B + 2.757769 

 

Figure 3 shows the relationship between the XYZ tristimulus values measured using a 
spectrophotometer and the estimated values obtained from the digital camera data. In 
addition, values in the L*a*b* color space (1976 CIELAB) were calculated from the XYZ 
tristimulus values using this system. 

 

 

 

 

 

Figure 3: Comparison of XYZ values from a spectrophotometer and those converted from 
digital camera data. 

2.2 Conversion from XYZ Values to Skin Chromophore Concentration 

To determine melanin and hemoglobin concentrations, we established pigment-specific 
image processing techniques based on relational expressions between XYZ tristimulus 
values and skin chromophore concentration. In previous studies, skin chromophore 
concentration (i.e., melanin and hemoglobin) was calculated from skin spectral reflectance 
(Shimada et al., 2000; Masuda et al., 2009). These studies suggested that the skin 
chromophore concentration could be calculated by a multiple regression analysis, 
assuming that the absorbance spectrum is a linear sum of the absorbance spectra of 
melanin, oxygenated hemoglobin, and deoxygenated hemoglobin. Here, we suggest that 
the concentration of melanin and total hemoglobin can be estimated from XYZ tristimulus 
values obtained from a color image. Spectral reflectance data from the cheeks of 60 
women were obtained using a colorimeter. The XYZ tristimulus values were calculated 
from the spectral reflectance of the skin for an illuminant D65 and 2° visual field. In 
addition, the concentrations of melanin and total hemoglobin were calculated according to 
methods in the previous studies. A linear regression equation to predict the concentration 
of melanin was then determined using multiple regression analysis with the logarithm 
(base 10) of the inverse XYZ tristimulus values as independent variables and melanin 
concentration as a dependent variable. Similarly, we used regression to predict the 
hemoglobin concentration. The melanin and hemoglobin concentration were calculated 
according to the following equations. 
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Melanin index = 4.861log10(1/X) + 1.268log10(1/Y) + 4.669log10(1/Z) + 0.063 

Hemoglobin index = 32.218log10(1/X) + 37.499log10(1/Y)  4.495log10(1/Z) + 0.444 

By fitting this equation to the XYZ images, we obtained the melanin and hemoglobin 
distribution images. 

2.3 Detection and Quantification of Pigmented Spots 

To quantify individual pigmented spots within a cheek image, we adopted an object-
counting algorithm that enables us to calculate their size and colorimetric value. The 
melanin distribution images were used, and the regions of interest were manually selected. 
The algorithm for pigmented spot extraction consists of smoothing, binarization, region 
labeling, and candidate cropping. Various stages of this analysis are shown in Figure 4. In 
the smoothing step, images are processed using a Gaussian filter with a half-value width of 
4.0 mm to correct the rough undulations of the surface (Figure 4(a)), and processed three 
times using a median filter of 5 × 5 pixels to remove spike noise (Figure 4(b)). After noise 
reduction, the melanin images are converted to binary images (Figure 4(c)) using a 
threshold optimized for the detection of pigmented spots. Furthermore, the connected-
component labeling algorithm that gives each separate connected group of pixels a unique 
label is applied (Figure 4(d)) to calculate the number, sizes, and colorimetric values of the 
individual spots. Finally, spots are then identified as areas greater than 2 mm2 to remove 
pores (Figure 4(e)). 

 
Figure 4: Schematic flow of the image processing for pigmentation analysis. 

2.4 Method validation 

To validate the accuracy of quantitative image analysis, the spectral reflectance of the 
cheek and lower eyelid of 32 Japanese women (age range 34–59 years; mean age 44.3 
years) was measured using the contact-type spectrophotometer (CM-700d) with a probe 
head aperture of approximately 7 mm. At the same time, facial images of the same 32 
subjects were obtained using the imaging system. In all facial images, regions of interest 
were selected in the same areas as those measured using the spectrophotometer. Melanin 
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concentration and L*a*b* values were calculated from the spectral reflectance, and the 
correlation between the two types of measurement system was determined. 

2.5 Color Variation of Pigmented Spots Due to Aging 

Applying the new methodology for skin chromophore and individual pigmented spot 
analysis to cheek skin images, we investigated the relationship between the characteristics 
of spot occurrence and age. Six-hundred and forty-three healthy Japanese women aged 20–
80 years were enrolled in the study. They were classified into nine groups: 22 subjects in 
group A (20–24 years old), 76 in group B (25–29 years old), 76 in group C (30–34 years 
old), 76 in group D (35–39 years old), 76 in group E (40–45 years old), 76 in group F (45–
49 years old), 76 in group G (50–54 years old), 76 in group H (55–59 years old), and 89 in 
group I (60–80 years old). Informed consent was obtained from all participants. Subjects 
washed their face and rested for 40 min under conditions of 23° C and 45% relative 
humidity.  

3. RESULTS AND DISCUSSION 

Figures 5(a)–(d) compare the values of the facial images of our system with those of the 
spectrophotometer for L*, a*, b*, and melanin concentration in the cheek, respectively. 
The correlation coefficients between the spectrophotometer and facial images were higher 
than 0.900 for all parameters for the cheek. In addition, similar results were confirmed for 
the lower eyelids (data not shown). These results confirm that our system for facial 
imaging is sensitive enough to analyze not only colorimetric values but also melanin 
concentration with a good spatial distribution. 

 

Figure 5: Comparison between the facial imaging system and spectrophotometer results. 

The results of the cheek image analysis of 643 Asian women show that the proposed 
method is sufficiently sensitive to permit the measurement of colorimetric value, number, 
and size of individual pigmented spots. The differences of the parameters for each group 
were analyzed using one-way repeated analysis of variance. In this analysis, p-values less 
than 0.05 were assessed as statistically significant. Figure 6(a) shows that the number of 
spots per cheek on one side increased with age in a statistically significant manner 
(correlation coefficient of 0.613). The parameters of size and colorimetric values for spots 
on the cheek were plotted independently. The number of pigmented spots detected in the 
643 women totaled 8,372. The size results indicate that there is a high probability of 
pigmented spots greater than 10 mm2 in those older than 40 years (data not shown). Figure 
6(b) shows that the colorimetric value L* of spots significantly decreased with age 
(correlation coefficient of 0.211). Figure 6(c) shows that the C*ab of individual spots 
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significantly increased with age (correlation coefficient of 0.339). For the colorimetric 
value hab, no significant changes were observed (Figure 6(d)).  

 
Figure 6: Age-dependent spot changes: (a) number of spots per cheek on one side, values 

for (b) L*,(c) C*ab, and (d) hab. 

4. CONCLUSIONS 

Our techniques to determine skin chromophores and individual pigmented spots allow us 
not only to provide the visual information about the melanin distribution but also to 
understand the characteristics of various pigmented spots in a face. The results from our 
validation indicate that our system provides colorimetric data for skin that is highly 
accurate, simple to acquire, and reproducible. The data obtained in this study will be very 
useful for improving our knowledge about the aging of skin. 
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AB3STRACT
o o r re erence an  armon  a e ot  een conci ere  t e mo t e entia  actor  in t e 

e ign o  co o r com ination   e re ation i  et een t e e t o attri te  o  co o r a  een 
extensively studied.  For example, Schloss and Pamer recently found that colour preference and 

armon  ot  ten e  to increa e a  e imi arit  increa e  i e re erence re ie  more trong  
on component color preference and lightness contrast.  Nevertheless, most existing studies of colour 

re erence an  armon  inc ing Sc o  an  Pa mer  re earc  a  mentione  a o e  a e e  
a tract  conte t e  co o r atc e  a  t e tim i in t e e eriment   t i  ti  nc ear et er t e 
results can also apply to real-world product designs.

To address this issue, athletic shoes, a product commonly seen and used in our every-day 
acti itie  ere ta en a  an e am e in o r t  o  co o r re erence an  armon   o ac ie e t i  
aim, a psychophysical experiment was carried out using 404 recoloured images of athletic shoes as the 
tim i  re ente  on a ca i rate  com ter i a  it ate  in a ar ene  room   e  image  ere 

generate  rom t o origina  oe image  one rom i e an  t e ot er rom i a  eac  mani ate  
 ar ing t e t o co o r com ination  o  t e oe e ign  inc ing t e main co o r o  t e oe an  

t e ogo co o r i e  t e i e tic  an  t e i a  tri e   ac  o  t e t o origina  oe image  ere 
reco o re  ing  co o r com ination  con i ting o   air  e ecte  rom  ace to 
cover a wide variety of hue, lightness and chroma, and 50 colour pairs selected from real athletic shoes 
c rrent  a ai a e on t e mar et   ent  o er er  it  norma  co o r i ion  inc ing  ma e  
an   ema e  artici ate  in t e i a  a e ment   ac  o er er a  a e  to rate eac  oe 
image  ing t o te  emantic ca e  i e i i e an  armonio i armonio  a  mea re  o  
colour preference and colour harmony, respectively.

The experimental results show that the color preference rating relied strongly on the main color 
o  t e oe regar e  o  t e ogo co o r  i e t e co or armon  rating a  a ecte  not on   e 
imi arit  t a o ig tne  i erence et een t e main co or an  t e ogo co o r   e re t  a o 
o  t at oe co or  re erre   ema e o er er  ten e  to e i e   ma e o er er  i e oe 

co or  re erre   ma e o er er  ere not nece ari  i e   ema e o er er   egar ing co o r 
armon  ma e an  ema e o er er  ot  rate  oe  it  ma  e i erence a  ig  armonio   

e re t  a o o  ig  corre ation et een ma e an  ema e ata in term  o  co o r armon  
it  a corre ation coe ficient o    or co o r re erence  o e er  t e t o gen er gro  a  a 

corre ation coe ficient o   in icating a arger gen er i erence in co o r re erence t an in co o r 
armon   e e re t  can e  refine an  c ari  e i ting t eorie  o  co o r re erence an  armon  
a e  on conte t e  co o r atc e
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ABSTRACT 
A psychophysical experiment was conducted using athletic shoes, a product commonly 
seen and used in our everyday activities, as an example to study colour preference and 
harmony. A total of 404 test images were generated from two original shoe images, one 
rom i e an  t e ot er rom i a  eac  mani ate   ar ing t e t o-colour 

com ination  o  t e oe e ign  inc ing t e main co o r o  t e oe an  t e ogo co o r 
i e  t e i e tic  an  t e i a  tri e  ent  o er er  it  normal colour vision, 

including 10 males and 10 females, participated in t e i a  a e ment   ac  o er er 
a  a e  to rate eac  oe image  ing t o - te  emantic ca e  i e i i e an  

harmonious/disharmonious. The experimental results show that the color preference rating 
relied strongly on the main colour of the shoe regardless of the logo colour, while the color 
armon  rating a  a ecte  not on   e imi arit  t a o ig tne  i erence 
et een t e main colour and the logo colour.  

1. INTRODUCTION 
o o r re erence an  armon  a e ot  een conci ere  t e mo t e entia  actor  in t e 

design of colour com ination   e re ation i  et een t e e t o attri te  o  co o r a  
een e ten i e  t ie   or e am e  Sc o  an  Pamer (2011) recently found that 

colour re erence an  armon  ot  tended to increase as hue similarity increases, while 
preference relies more strongly on component color preference and lightness contrast.  
Nevertheless, most existing studies of colour preference and harmony, including Schloss 
and Palmer’  re earc  a  mentione  a o e  a e e  a tract  conte t e  co o r atc e  
a  t e tim i in t e e eriment   t i  still unclear whether the results can also apply to 
real-world product designs.  To address this issue, athletic shoes, a product commonly seen 
and used in our every a  acti itie  ere ta en a  an e am e in o r t  o  co o r 
preference and harmony. 

Ba ic oe  o  t o ran  i e an  i a  were selected to generate the experimental 
images. Aims of the study included (1) using recoloured images in two athletic shoes as the 
stimuli, (2) using colours from real athletic shoes on the mar et to generate test images as 
the stimuli, and (3) t e re t  o  e analysed for the effects of hue and lightness 
difference on colour preference and harmony. 

2. METHODS 
For each shoe image, two areas were recoloured according to the following definitions: (1) 
the “logo colour” means the logo shown on the shoe i e  t e i e tic  an  t e i a  
stripes); (2) the “main colour” means t e main o  of the shoe. Colour preference was 
defined as o  m c  t e o er er i ed t e com ination o  the logo colour and the main 
colour.  Colour harmony was defined as how well the logo colour and the main colour 
went together as shown in the shoe images. 
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For logo colours, we selected four tones, saturated (S), light (L), muted (M) and ar  
(D), each consisting i e e  re   e o   green  e  and purple (P). For 
main colours, we only selected eight colours, containing four hues, each having two 
lightness levels, including saturated red (SR), light red (LR), at rate  e o  S , ar  
e o   ig t e  ar  e  ig t r e P  and ar  r e P  All 

colour samples were shown in Figure 1. 

 
 

` 
 
 

Figure 1: Colour samples used in the experiment: (a) the main colours and (b) the logo 
colours. 

n the psychophysical experiment, we used 404 recoloured images of athletic shoes as 
t e tim i  re ente  on a ca i rate  com ter i a  it ate  in a ar ene  room   e 

 image  ere generate  rom t o origina  oe image  one rom i e an  t e ot er 
rom i a  eac  mani ate   ar ing t e t o-colo r com ination  o  t e oe e ign  

including the main colour of the shoe and the logo colour (i.e. t e i e tic  an  t e i a  
stripes), as shown in Figure 2. ac  o  t e t o origina  oe image  ere reco o re  using 

 co o r com ination  con i ting o   air  e ecte  rom  ace to co er a 
wide variety of hue, lightness and chroma, and 50 colour pairs selected from real athletic 

oe  c rrent  a ai a e on t e mar et   

 
 
 
 

Figure 2: schematic diagrams of Nike and Adidas. 
Twenty Taiwanese o er er  it  norma  co o r i ion  inc ing  ma e  an   

ema e  artici ate  in t e i a  a e ment   ac  o er er a  a e  to rate eac  oe 
images using two 6- te  emantic ca e  i e i i e and harmonious/disharmonious, as 
measures of colour preference and colour harmony, respectively. 

3. RESULTS 
3.1 colour preference for athletic shoes  
Mean hues of main colur and main colour or re erence rating  it  i e an  i a  
athletic shoes in Figure 3, there were similar show that preference ratings is higher when 
ar  e  a  main colour it  e (B) as logo colour  en ar  e  a  main 

colour with some logo colour  it ring ig er re erence rating  t a  ort  noting t at 
ar  e  it  r e P  t e re erence rating  a  ro  t e re t a  agree with 

original research. However  t e ar  e o   a  main colour with any logo colour had 
lower preference ratings that everyone didn’t like it. We surmise that dark yellow (DY) 
ma e i g ting t at it oo  i e excrement. 
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Figure 3: Preference ratings for the hue of logo colours against each main colour. 

Preference ratings of Main colour in different hue difference in Figure 4. We can found 
t at re erence rating  o  ar  e  an  ig t e  a  main colour were higher 
t an ot er  t t e ar  e o   a  main colour had lower preference ratings. Again, 

ro ing t at o er er  i e e co o r much, instead yellow colour wasn’t  e ecia  ar  
e o    

 

 
Figure 4: Preference ratings plotted against hue difference. 

Mean lightness of logo colour and different main colour for preference ratings in Figure 
5. We can see that ar  e  a  main colour with different lightness as saturated (S), 
light (L), muted (M), that higher preference; instead  t e ar  e o   a  main colour 
with different ig tne  a  at rate  S  an  ig t  a  o er re erence  o e a  ar  

e  an  ar  e o   in co o r re erence e eriment  ormer a  mo t i e 
co o r com ination  anot er a n’t. 

 
Figure 5: Preference ratings for each lightness level of logo colours against each main 

colour. 
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Figure 3: Preference ratings for the hue of logo colours against each main colour. 

Preference ratings of Main colour in different hue difference in Figure 4. We can found 
t at re erence rating  o  ar  e  an  ig t e  a  main colour were higher 
t an ot er  t t e ar  e o   a  main colour had lower preference ratings. Again, 

ro ing t at o er er  i e e co o r much, instead yellow colour wasn’t  e ecia  ar  
e o    

 

 
Figure 4: Preference ratings plotted against hue difference. 

Mean lightness of logo colour and different main colour for preference ratings in Figure 
5. We can see that ar  e  a  main colour with different lightness as saturated (S), 
light (L), muted (M), that higher preference; instead  t e ar  e o   a  main colour 
with different ig tne  a  at rate  S  an  ig t  a  o er re erence  o e a  ar  

e  an  ar  e o   in co o r re erence e eriment  ormer a  mo t i e 
co o r com ination  anot er a n’t. 

 
Figure 5: Preference ratings for each lightness level of logo colours against each main 

colour. 
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3.2 colour harmony for athletic shoes 
Mean hues of logo colour and main colour or armon  rating  it  i e an  i a  
athletic shoes in Figure 6  e can o n  armon  rating  i  ig er en ig t e  
an  ar  e  a  main colour it  e  a  logo colour an  ar  e o   it  
e o   en ar  e o   a  main colour with purple (P) as logo colour  ring 
o er armon  rating  n armon  rating  e can o n  t at t e logo colour were similar 

with main colour  armon  rating  ere ig er  no matter t e co o r e er one i e or not   

 
Figure 6: Harmony ratings for the hue of logo colours against each main colour. 

Harmony ratings of main colour in different hue difference in ig re . Those pictures 
proved the hue  i erence e  t e armon  rating  etter  n ot er or  en main 
colour was similar to logo colour, the harmony was stronger. 

 

 
Figure 7: Harmony ratings plotted against hue difference. 

Mean lightness of logo colour and different main colour for harmony ratings in Figure 
 e can in  t at t ere ere man  ea  a e  in t o e ict re  mo t in  ig t  

muted (M) as lightness of logo colour. That is, main colour with light (L), muted (M) as 
lightness as logo colour  t e armon  rating  a  etter  o e er  en t e ar  e o  

 a  main colour with light (L) as lightness as logo colour, the harmony ratings was 
lower. We surmised o er er  mig t in ence   re erence. 
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Figure 8: Harmony ratings for each lightness level of logo colours against each main 

colour. 

4. CONCLUSION 
Although all athletic shoes were comprised of main colours and logo colours (i.e. the logo 
colours in this study) in the experiment, the perceived color preference was affected mainly 

 the main colour of the shoe, while the perceived color harmony was affected not only 
 e imi arit  t a o  lightness difference et een t e main colour and the logo 

colour.  

For colour preference, the e tone a  highly rated, while the yellow tone felt dull and 
ar  and was thus not preferred. For colour harmony, the experimental results show that 

the smaller hue difference, the more harmonious. n a ition  when the main colour with 
light (L), muted (M) as lightness as logo colour  t e armon  rating  a  etter  

The results also show that shoe co or  re erre   ema e o er er  ten e  to e i e  
 ma e o er er , while shoe color  re erre   ma e o er er  ere not necessarily 

i e   ema e o er er  For colour preference, the two gender groups had a correlation 
coe icient o   o e er  ig  corre ation et een ma e an  ema e data in terms of 
colour harmony, with a correlation coefficient of 0.83. 

These results can help refine and clarify existing theories of colour preference and 
armon  a e  on conte t e  co o r atc e . 
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ABSTRACT
We have researched the designing conditions for more attractive color of the industrial products. 

t i  ignificant or  to n er tan  t e c tomer  i a  re erence or eac  ro ct in eac  nation  n 
this paper, we will show you the relationship between the surface colors of the silver metallic products 

an  t e c tomer  e ire  ee ing  c  a  t e ee ing o  ig a it  ecia  e i  re ort t e 
comparative results of observation by age and gender in Thailand.

e e tionnaire in ai an  ng i  on t e e ite a  e  or t i  r e  om ter 
graphics were used to represent the metallic surface products such as a laptop computer and a digital 

camera. Those have a slightly difference silver colors: reddish, yellowish, greenish and so forth. Each 

of color was controlled in ten hues of the Munsell color system. Five feelings as our target were set: 

c ean  re  re a ing  ig a it  t i  an  a orite  ic  ere c o en a  t e mo t 
important feelings for the metallic surface by Japanese customers. The respondents answered which 

co or t at t e  e t a  t e mo t ig a it  or e am e  e a e et e en target ro ct  
a fridge, a television, a smart phone and so on. More than two hundred persons in Thailand have 

cooperated with us in a wide range of age groups. We have compared the data according to age groups 

and gender.

 t e re t o  t e r e  e co  fin  o t ome o  t e intere ting ten encie  or e am e  
e o n  t at mo t o ng eo e n er ortie  re erre  i  i er or t e ee ing o  c ean  re  

in every product, in contrast, many elderly people preferred yellowish silver, especially in the personal 

mobile products: a laptop computer, a camera, a smart phone, and a music player. Elderly people also 

had the different tendencies depending on products for other four feelings. As everyone knows, color 

appearance of an elderly person is different from a young person by aging process of the lens. We need 

to confirm et er t e a o e re t  o  o r r e  ere ca e   t e i erence o  co or a earance  
n t e ot er an  man  ema e e ecte  n e  P or t e ee ing o  c ean  re  t i  an  
a orite  t ot er i e e co n t confirm a ig i erence et een ma e an  ema e   

r in e tigation i  ti  ina e ate in n m er o  re on ent  e ecia  or eo e age  o er 
forty. We will continue to collect more respondents and observe the data again.
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ABSTRACT 
 

This paper describes the outcome of the research about the designing conditions for more 

attractive surface color of the silver metallic productos. It is significant for us to understand the 

customer’s visual preference for each product in each nation. In this paper, we will show you the 

relationship between the surface colors of silver metallic products and the customer’s desired 

feelings such as the feeling of “high a it ”. Especially we will report the comparative results 

of observation by age and gender in Thailand.   

 

 

 

1. INTRODUCTION 
 

Thailand is one of the countries that have many factories of Japanese manufacturer such as cars, 

home appliance  an  te ti e , and those products are popular for Thai people. We also can see 

many metallic colors here such as fridges and cameras. We are currently researching the 

relationship between the surface colors of silver metallic products and the desired feelings of the 

customer.  

    The visual appearance of a product is very important for the customers and the desired 

impression and color preference may be different by age and gender. In this research we would 

like to find out the attractive silver metallic color for Thai customers and compare these effects 

among age and gender.  

 

 

2. METHOD 
 

 e tionnaire on t e e  a  e  or o r in e tigation an  ritten ot  in Thai and in 

English. In previous survey, we investigated in English. But we translated it into Thai language 

this time in order to add the respondents who live in local region including elderly people.  

Figure 1 shows a art o  o r e tionnaire. Computer graphics were used to represent the surface 

colors of metallic products. Their surfaces have slightly different silver metallic colors: reddish, 

yellowish, bluish, and so on, and each color was controlled in ten hues of the Munsell color 

system: P, RP, R, YR, Y, GY, G, BG, B, and PB as shown in figure 2. We set five target 

feelings: “clean / pure”, “relaxing  com orting”, “high quality”, “stylish  c ic”, and “favorite”, 
which were chosen as the most important desired feelings by Japanese customers in previous 

study. The respondents answered with color that they felt was the most “high a it ”, for 

e am e, for seven target products: a fridge, a television, a DVD player, a laptop computer,        

a digital camera, a smartphone, and a music player as shown in figure 3.  
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In English In Thai 

Clean / pure สะอาด  บริสุทธ์ิ 
Stylish / chic มีรสนิยม  แฟชัน่ 

High  quality  คุณภาพสูง 

Relaxing / comforting  ผอ่นคลาย  สะดวกสบาย 
Favorite ช่ืนชอบ 

                          Gender 

Age group   

Male Female Total 

Teens ~ twenties 62 75 137 

Thirties ~ forties 40 59 99 

   Over fifties 34 51 85 

Total  136 185 321 

Figure 2: Ten colored products. 

Figure 3. Target products 

Figure 1: A part of questionnaire. 

Fridge TV DVD player 

Laptop Camera Smartphone Music player 

Table 2: Respondents. 

 

Table 1: Target  feelings. 

Figure 3: Target products. 

Figure 4: A scene of answering questionnaire. 

P          RP        R        YR      Y       GY      G        BG       B        PB          
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Figure 6: Comparative results by three age group. 
 

    e re e te  t at t e creen i e of a computer should be not less than twelve inches, because 

it ma  e ar  to i ting i  t e i erence  among ten e  on a ma  i a  e re ire  
time was about twenty minutes on average. However the elderly people took a lot of time over 

forty minutes. We instructe  e er  e tion in ai in t e ne t eat an  helped them to fill the 

answer sheets. Finally, more than three hundred persons have cooperated with us in Thailand,   

as shown in Table 2. We’ve compared the results among gender and three age groups: teen – 

twenties, thirties – forties, and over fifties.  

 

 

3. COMPARATIVE RESULTS BY AGE AND GENDER  
 

Our results are shown in Figures 5 by line gra  e ori onta  a i  o  t e n e  e  P, 
RP, R, YR, Y, GY, G, BG, B, and PB, and the vertical the percentage of choice for the hue. 

Different line types indicate the products: a fridge, a television, a DVD player, a laptop 

computer, a digital camera, a smartphone, and a music player. It shows the comparative results 

by five feelings for all Thai people.  

 

 

 

 

 

We can see that most Thai selected Munsell B for the feeling of “clean/pure” and BG for the 

“relaxing”. Also, they selected B and YR for “high – quality” and purplish silver for “stylish”. In 

addition, we could confirm that “c ean  pure” has the highest correlation with “favorite” (r = 
0.75 ~ 0.92) for all product except a music player. “High quality” also has high correlation with 
“favorite” for a fridge, a laptop, a computer, and a camera (r = 0.81 ~ 0.90). 

Figure 6 shows the comparative results among three age groups. It became clear that most 

people under forties preferred bluish silver for the feeling of “c ean  pure” in every product, , 

many elderly people preferred yellowish silver also, especially in the personal mobile product: a 

laptop computer, a camera, a smart phone, and a music player. As everyone knows, color 

appearance of an elderly person is difference from a young person by aging process of the lens. 

However we could not find out any difference clearly in a statistical analysis (p > 0.05) and also 

couldn’t confirm a big difference between male and female, as shown in Figure 7.    

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Comparative results by feeling. 
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Figure 7: Comparative results by gender. 

 

 

 

4. SUMMARY AND FUTURE PLANS 
 

We’ve examined the silver metallic preference in Thailand and compared the results by three 

groups of age and gender. As the results, we could grasp the characteristic of Thai people’s 
preference. For e am e, Thai selected B for the feeling of “clean/pure” and BG for “relaxing”. 

The former is the same result as other countries, but the latter is difference from others.  
 
    r ne t i e i  to investigate by using other adjectives such as “modern”, “creative / 
innovative”, and “advanced”, because Thai people chosen these adjectives as an important 

desired feeling for a metallic product. e an to e amine t e re ation i  et een t e e ne  
adjectives and  the surface colors.  
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Effects on Impression of Taste in Color Stimuli
a ato S  e  an  a a iro S  

e artment o  e ia n ormatic  o ege o  n ormatic  an  man omm nication  ana a a 
n tit te o  ec no og

ABSTRACT
Previous studies have already reported that colors affect the impression of taste to humans. However, 
it i  not c ear o  t e t ree attri te  o  co or  e  ig tne  an  c roma a e an e ect on t e 
im re ion o  t e i e a ic ta te   eetne  itterne  o rne  a tine  an  mami  rom 
the point of view in the quantitative measurement. Also there are some literatures suggesting a 
connection  t at co or  or e in t e oo  ac age en ance t e i ingne  to  a ro ct en 
t e  are t e im re ion c o e to act a  oo  ta te  t en a  a ong in ormation to ecome t e criteria o  

gment or ing  So it eem  to e t e im ortance o  in e tigating to t e t ree attri te  o  co or 
antitati e  e r o e o  t i  t  i  to e amine t e e ect on im re ion o  ta te  co or tim i 

rom t e a ect o  t e t ree attri te  o  co or
en e  o  t e c romatic co or        P  P  P  an  fi e o  

t e ac romatic co or      on t e e circ e o  n e  co or tem ere e ecte  a  
t e co or tim i in t i  e eriment  n eac  e o  c romatic co or  t ent fi e tim i ere reg ar  
chosen with the values of Munsell Value and Chroma in Munsell notation. Thus, there were around 

 tim i in tota  e tim i ere re ente   inc  i a  ace  in ront o  t e o er er an  
the viewing distance was 500 mm. They were displayed into the square at a visual angle of 15 deg in 
t e center o  t e creen  an  et  a  t e ac gro n  co or  e erring to t e a e  o  tri tim  a e  
(XYZ  o  n e  co or in S  it  65 ig t o rce  t o e co or  ere ma e  e o er er  

ere a e  to e a ate t e im re ion o  a ic ta te  in tim i re ente  to eac  ta te on a i e
point scale (1: feel hardly, 2: feel slightly, 3: feel somewhat, 4: feel, 5: feel very much). The stimuli 

ere re ente  ran om  an  t e ration time a  e t to o er er  i cretion  e gra  image o  
N5 was displayed as the inter-stimulus stimulus to remove the effect of the previous stimulus. The 
e erimenta  oot  a  co ere  it  a ac  c rtain  t a  i minate   t e 65 ore cent am  
and the illumination of screen in the display was around 330 lx.

n t e re t  t e im re ion gi en  co or tim i or t e fi e a ic ta te  i  a mo t agree  
it  t e re io  t ie  t i  e i c e  t e re ation i  et een t ree attri te  o  co or an  t e 

im re ion o  a ic ta te  antitati e

 

 

Effects on Impression of Taste in Color Stimuli 
Masato S , e , a a iro S  

e artment o  e ia n ormatic  o ege o  n ormatic  an  man omm nication  
ana a a n tit te o  ec no og  

ABSTRACT 

To examine the effect on the impre ion o  ta te  co or tim i rom the aspect of the 
t ree attri te  o  co or e  ig tne  an  c roma  t e im re ion o  i e a ic ta tes 

eetne  o rne  itterne  a tine  an  mami  for the color stimuli were measured 
ing t e ective evaluation. The color stimuli were uniformly selected from Munsell 

color system. n t e re t  t e e a ation a e  increa e  it  t e region  et een P 
an   on n e  e circ e or t e im re ion o  eetne  an  t e region  et een 

 an   on t e e circ e or t e im re ion o  o rne  n  in those hues, the 
evaluation value increases with the value of chroma. Therefore, the colors of reddish 

r e  re  an  orange o tain the impression of sweetness and those of orange, yellow, and 
yellowish green give the impression of sourness with an increasing of the value of chroma. 

ar  ac romatic co or  o tain t e ig  e a ation a e in t e im re ion o  itterne  and 
its value increases with a decreasing of the value of lightness. Thus, the value of lightness 
affect  t e im re ion o  itterne . 

1. INTRODUCTION 

t i  e - no n t at co or  a ect t e im re ion o  te te to man  Previous studies have 
already reported that reddish purple, red, and orange colors highly o tain t e im re ion of 
sweetness, yellow and green colors affect the impression of sourness, and grayish color 
highly o tain  t e im re ion o  itterne  ( oga  ino ita et a  . And it is 
re orte  to a ociate t e im re ion o  eetne  it  in  orange  an  red colors and to 
do that of sourness with yellow color as similar to the results of the a o e t ie  ( a 
et al. 2002). o e er  it i  not c ear o  t e t ree attri te  o  co or – hue, lightness and 
chroma have an effect on the impression of the five a ic ta te  – eetne  itterne  
sourness, saltiness and umami, from the point of view in the quantitative measurement. 
Also there are some literatures suggesting a connection, that colors for use in the food 
ac age en ance t e i ingne  to  a roduct when they are the impression close to 

actual food taste, then pass along information to ecome t e criteria o  gment or ing 
ino ita et a  . So it eem  to e t e im ortance o  investigating to the three 

attri te  o  co or antitatively. The purpose of this study is to examine the effect on the 
im re ion o  ta te  co or tim i rom the a ect o  t e t ree attri te  o  co or  

2. METHOD 

2.1 Stimuli 

en e  o  t e c romatic co or        P  P  P  an  ive 
o  t e ac romatic co or      on t e e circ e o  n e  co or tem 

ere e ecte  a  t e co or tim i in t i  e eriment  n eac  e o  c romatic co or  
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re orte  to a ociate t e im re ion o  eetne  it  in  orange  an  red colors and to 
do that of sourness with yellow color as similar to the results of the a o e t ie  ( a 
et al. 2002). o e er  it i  not c ear o  t e t ree attri te  o  co or – hue, lightness and 
chroma have an effect on the impression of the five a ic ta te  – eetne  itterne  
sourness, saltiness and umami, from the point of view in the quantitative measurement. 
Also there are some literatures suggesting a connection, that colors for use in the food 
ac age en ance t e i ingne  to  a roduct when they are the impression close to 

actual food taste, then pass along information to ecome t e criteria o  gment or ing 
ino ita et a  . So it eem  to e t e im ortance o  investigating to the three 

attri te  o  co or antitatively. The purpose of this study is to examine the effect on the 
im re ion o  ta te  co or tim i rom the a ect o  t e t ree attri te  o  co or  

2. METHOD 

2.1 Stimuli 

en e  o  t e c romatic co or        P  P  P  an  ive 
o  t e ac romatic co or      on t e e circ e o  n e  co or tem 

ere e ecte  a  t e co or tim i in t i  e eriment  n eac  e o  c romatic co or  

 

 

twenty-five stimuli were regularly chosen with the values of Munsell Value and Chroma in 
Munsell notation. Thus, there were around 25  stimuli in total. a e  o  t e tim i 
used in this experiment. e tim i ere re ente   -inch display (Dell, P ) 

ace  in ront o  t e o er er an  t e ie ing i tance a   mm  They were displayed 
into the square at a visual angle of 15 deg in the center of the screen, and set N5 as the 
ac gro n  co or  e erring to t e a e  o  tri tim  a e  XYZ) of Munsell color with 

D65 light source in S   ( S , those colors were made. The mean value of Δ 
Eab* in all the stimuli is  a  o n in a e .  

Table 1. Stimuli in this experiment.  

 

2.2 Procedure 

ter t ree min te  ig t a a tion  t e 65 fluorescent am  in e erimenta  oot  the 
o er er  ere a e  to e a ate t e im re ion o  a ic ta te  (i.e. sweetness, sourness, 
itterne  a tine  an  mami) in stimuli presented, to each taste on a five-point scale (1: 

feel hardly, 2: feel slightly, 3: feel somewhat, 4: feel, 5: feel very much). The stimuli were 
presented randomly and the duration time was left to observer’s discretion. The gray image 
of N5 was displayed as the inter-stimulus stimulus to remove the effect of the previous 
stimulus. n one e ion  t e o er er er orme  t e e a ation o   times and three 
e ion  ere carrie  o t or one o er er. t a   time  in tota  Prior to the expriment, 

t e o er er  a  an eno g  time to ractice or t e e a ation  

2.3 Apparatus 

e e erimenta  oot  a  co ere  it  a ac  c rtain  t a  i minmate   t e 65 

fluorescent lamps and the illumination of screen in the display was around 350 lx. The 
display was placed in ront o  t e o er er  and the viewing distance was 500 mm. The 
o er er  ere a e  to re on  it  t e ten e  when they evaluate the stimulus. 

H V C No. of colors Ave. Δ Eab*

5R 2 - 9 1 - 20 25 4.88

5YR 2 - 9 1 - 16 25 5.36

5Y 3 - 9 1 - 14 25 5.64

5GY 3 - 9 1 - 14 26 5.35

5G 2 - 9 1 - 20 25 4.93

5BG 2 - 9 1 - 16 25 4.50

5B 1 - 9 1 - 12 25 4.68

5PB 2 - 8 1 - 16 25 4.42

5P 2 - 7 1 - 28 25 5.04

5RP 2 - 8 1 - 22 26 5.27

N 1 - 9 5 1.23

Total 257 4.94
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2.4 Observers 

ent  o er er  artici ate  in t i  e eriment  They were ten female and ten male 
students. They have the normal color vision.  

Figure 1: Apparatus. 

3. RESULTS AND DISCUSSION 

3.1 Effect of Hue 

Figure 2 shows the results o  t e im re ion o  i e a ic ta te  eetne  o rne  
itterne  a tine  an  mami  on e circ e a e  on a  t e o er er ’ responses. Figure 

2 (a) – e  in icate eetne  o rne  itterne  a tine  an  mami  re ecti e  e 
circumference in each panel represents the hue circle and each hue corresponds to the focal 
color in the hue used in this experiment (i.e. color of the highest chroma value in the hue). 

e ra i  in icate  t e ecti e e a ation a e in t e experiment. n t is figure the 
a erage a e  rom a  t e o er er  re on e  are connecte   

 As shown in this figure, particularly, the evaluation values increases with the 
region  et een P an   in eetne  an  t e region  et een  an   in 
sourness in Figure  a  an   re ecti e  The colors of reddish purple, red, and orange 
o tain t e im re ion o  eetne  i e t o e o  orange, yellow, and yellowish green give 
the impression of sourness. or itterne  a tine  an  mami in ig re  c  – (e), the 
effects of hue are relatively small. n t e ot er an  N1 and N3 of achromatic colors 
o tain t e ig  e a ation value in t e im re ion o  itterne  an  lightness affects the 
im re ion o  itterne  a  t e mentione  in t e ne t paragraph. The tendency of the results 
in hue effect corresponds to the results of previous studies ( ino ita et a   oga 

 a et a  .  

 

500 mm
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D65 fluorescent lamps

24-inch display

Ten key

350 lx
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Figure 2: Effect of hue in the average results of the impression of five basic tastes for ten 
focal colors (i.e. color of the highest chroma value in the hue) . (a): sweetness, (b): 

sourness, (c): bitterness, (d): saltiness, and (e): umami. The circumference and radius 
represent the hue circle and the subjective evaluation value, respectively. 

3.2 Effect of Lightness 

Fig re  o  t e re t  o  t e im re ion o  itterne  a  a nction it  t e a e o  
ig tne  a e  on a  t e o er er ’ re on e  e ori onta  an  ertica  a e  in icate 

t e a e o  ig tne  an  t e ecti e e a ation a e o  itterne  respectively. As the 
typical results  t e a erage a e  o   -/6, and 5G-/8 are otte  n t i  ig re  t e 
evaluation value increases with a decreasing of the value of lightness in each color. t 
means that the value of lightness affects the impression o  itterne  an  it a ociate  t e 
im re ion o  itter it  ar  co or  This result corresponds to that of previous study 

ino ita et a    

Figure 3: Average results of the impression of bitterness as a function with the value of 
lightness for N, 5GY-/6, and 5G-/8. 
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3.3 Effect of Chroma 

Figure 4 (a) –  o  t e re t  o  t e im re ion o  eetne  an  o rne  a  a 
nction it  t e a e o  c roma a e  on a  t e o er er ’ responses, respectively. The 

ori onta  an  ertica  a e  in icate t e a e o  c roma an  t e ecti e evaluation 
value of sweetness and sourness, respectively. As the typical results, the average values of 
5RP5/-, 5R5/-  an  - are plotted in eetne  o  ig re  a  an  t o e o  -, 

-  an  - are re re ente  in o rne  o  ig re  .  

 n ig re  a  t e e a ation a e increa e  it  t e a e o  c roma and then is 
saturated over 10 in the value of chroma in all the colors. t mean  t at t e a e o  c roma 
affects the impression of sweetness in reddish purple, red, and orange colors and it 
associates t e im re ion o  eetne  it  ig  c roma a e o  t o e co or  n ig re  

 t e e a ation a e increa e  it  t e a e o  c roma an  t en has a tendency 
saturated over 12 in the value of chroma in all the colors as well as the results of sweetness. 
t mean  t at t e a e o  c roma a ect  t e im re ion o  o rne  in e o i  green  

yellow, and orange colors and it associates the impression of sourness with the high 
chroma value in t o e co or  e e re t  corre on  to t at o  re io  t  ino ita 
et a   oga  a et a    

Figure 4: Average results of the impression of sweetness and sourness as a function with 
the value of chroma. (a): sweetness for 5RP5, 5R5, and 5YR7 (b): sourness for 5GY9, 5Y9, 

and 5YR7. 

4. CONCLUSIONS 

To examine the effect on the im re ion o  ta te  co or tim i rom the aspect of the 
t ree attri te  o  co or (hue, lightness, and chroma) t e im re ion o  i e a ic ta tes for 
the co or tim i ere mea re  ing t e ecti e e a ation o  i e-point scale. The 
color stimuli were uniformly selected from Munsell color system. They included ten hues 
of chromatic colors and N of achromatic color. The value of lightness and chroma ranged 
rom  to  an  rom  to , so that a o t  co or  rom eac  c romatic e  an   

achromatic colors were selected an  t e tota  a   stimuli. e o er er  ere a e  to 
ecti e  evaluate t e im re ion o  i e a ic ta te  eetne  o rne  itterne  

a tine  an  mami  or t e tim  re ente   t e i a  ing t e i e-point scale. 
n t e re t  t e e a ation a e  increa e  it  t e region  et een P an   on 

Munsell hue circle for the impression of sweetness and the region  et een  an   
on the hue circle for the impression of sourness. And in those hues, the evaluation value 
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increases with the value of chroma and then is saturated over 10 - 12 in the value of 
chroma. t mean  t at t e co or  o  re i  r e  re  an  orange o tain t e im re ion o  
sweetness while those of orange, yellow, and yellowish green give the impression of 
sourness with an increasing of the value of chroma   an   o  ac romatic co or  o tain 
the high evaluation value in the impression o  itterne  And the evaluation value 
increa e  it  a ecrea ing o  t e a e o  ig tne  inc ing  an   tim i  t 
mean  t at t e a e o  ig tne  a ect  t e im re ion o  itterne  an  it a ociate  t e 
im re ion o  itter it  ar  colors. 
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The Color Image of Dichromats and Anomalous Trichromats
ria 1 and neo S S 2 

1 ra ate Sc oo  o  man Science  anaga a ni er it
2 e artment o  man Science  anaga a ni er it

ABSTRACT
e co or image o  o r ma e co or i ion eficient  one rotan  one e tan  an  t o e teranomat  

a  mea re  it   S  ca e  o   oint  e en co or  c i  o  re  orange  greeni e o  
e o  green  i green  greeni e  e  r e  ite  gra  an   ac  ic  ere e ecte  
rom t e e  o or o ection  o  t e a an o or e earc  n tit te  ere attac e  on a ac  
ac gro n  eet  o e co or  ere o er e  one  one  t e artici ant t ro g  a are o ening 

o  ac  ma  to a oi  m t a  in ence et een a acent co or   t e tim i ere o er e  n er 
nat ra   ore cent ig t  it  c romaticitie  o     an  t e a erage i mination a  

e re t  ere a erage  or carcene  o  artici ant  o  co or i ion eficienc  an  com are  
with average results of 13 participants with normal color vision.

e re t  ere mmari e  a  e o
or re  image  o  acti it  arm co  t ic ain  namic tatic  an  cro e one  

i te  to ar  rig t in t e co or eficient  com are  to co or i ion norma   mage  o  mo ernne  
e egant gar  romantic rea i tic  mo ern ancient  o ng o  mart r tic ere nc ange   range 
showed similar shifts.

For yellow green, images of almost all scales were shifted towards right in the color vision 
eficient   or co or  o  i green  greeni e  e  r e  an  gra  image  o  co or i ion 
eficient  i  not o  great c ange   or greeni e o  image  o  mo ernne   i te  to ar  

rig t in t e co or i ion eficient   mage  o  ite ere ne ecte  i erent rom co or i ion 
norma  in t at t e oint  i te  to ar  rig t in e era  ca e    e image  o  ac  an  r e ere 
generally similar to those of color vision normals showing differences in some scales.

     a o e  it can e conc e  t at image  o  acti it  ere great  i erent rom t o e o  
co or i ion norma  e image  o  i  co or  i  not o  great c ange a  e ecte  rom co or 
i ion t eor  t e o i  co or o e  re ati e  arge i t in t e co or i ion eficient  Se ection 

o  co or  ma  e concerne  it  t e e re t

The color image of dichromats and anomalous 
trichromats

ria ,1 neo S S ,2
1 Graduate School of Human Sciences, anaga a University

2 Department of Human Sciences, anaga a ni er it

ABSTRACT

We measured color image of color vision deficients using SD scales, and compared the 
results with those of color vision normals. e en colors chips, 8 vivid color (red , orange , 
greenish- e o   e o  green  i -green , greenish- e  e  r e   an  
achromatic color  ite  gra  ac   were selected from the New Color Collections
( a) o  t e a an o or e earc  n tit te, and displayed on a ac  eet e i e o  
stimulus was 3×3cm. Those colors ere o er e  one  one  t e artici ant t ro g  a 

are o ening o  ac  ma  o  t e ame i e a  tim to avoid mutual influence 
et een a acent co or   t e tim i ere o er e  n er nat ra  ore cent ig t  
it  c romaticitie  o      and the average illumination was 842 lx . Four color 

vision deficients (one protan, one deutan , and two deuteranomats ) and 13 color vision 
normals participarted.

General tendency was that the point on each SD scale shifted towards right hand, i. e.
negative image or affection, in color vision deficients.  For red, orange, and white colors,
there existed several tantia  different color image  S  ca e  et een co or vision 
deficients and color vision nomals. mage of e, purple, gray  an  ac  showed little 
difference et een t em mages to greenish-yellow and yellow green were slightly 
different.

n term  o  in i i a  image  S  ca e  image  c tere  in "activity ", e.g. 
"crowded-lonely", "powerful-non powerful", or " showy-quite" were much different for 
color vision deficients and color vision normals.

1. INTRODUCTION

ere a e een m c  ata concerning o  co or i ion e icinet  recogni e co or an  
how differently they perceive colors from color vision normals ( ra am  ia    

etc er  o e  it o i  a ega a  ;   Noguchi, 2013).
t itt e in e tigation a  een ma e into o  co or i ion e icient  ee  or co or  in 

ot er or  at in  o  image  t e  a e to co or
Many t ie   S  met o  in t e a t o  t at  t ere are genera  t ree actor  

co ering image  to co or  i e  e a ation    acti it   an  otenc  ama et a  
  S c  e timation  i  o e er  or co or i ion norma

What image they have to color and how different their images are from those of color 
vision normals are the scheme of the present report.

Color vision deficient may give same color name as color vision normals to a particular 
color, with different image ( a amoto et al, 2008   mage  c tere  in otenc  ere 
largely different in their participants.  Saito et al , 2010), on the other hand, reported that 
t ere a  itt e i erence in t eir image  et een co or i ion i icient  an  norma
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difference et een t em mages to greenish-yellow and yellow green were slightly 
different.

n term  o  in i i a  image  S  ca e  image  c tere  in "activity ", e.g. 
"crowded-lonely", "powerful-non powerful", or " showy-quite" were much different for 
color vision deficients and color vision normals.

1. INTRODUCTION

ere a e een m c  ata concerning o  co or i ion e icinet  recogni e co or an  
how differently they perceive colors from color vision normals ( ra am  ia    

etc er  o e  it o i  a ega a  ;   Noguchi, 2013).
t itt e in e tigation a  een ma e into o  co or i ion e icient  ee  or co or  in 

ot er or  at in  o  image  t e  a e to co or
Many t ie   S  met o  in t e a t o  t at  t ere are genera  t ree actor  

co ering image  to co or  i e  e a ation    acti it   an  otenc  ama et a  
  S c  e timation  i  o e er  or co or i ion norma

What image they have to color and how different their images are from those of color 
vision normals are the scheme of the present report.

Color vision deficient may give same color name as color vision normals to a particular 
color, with different image ( a amoto et al, 2008   mage  c tere  in otenc  ere 
largely different in their participants.  Saito et al , 2010), on the other hand, reported that 
t ere a  itt e i erence in t eir image  et een co or i ion i icient  an  norma

2. METHOD

2.1 Color Stimuli
e en co or c i  eig t vivid red , orange , greenish- e o   e o  green  i -

green , greenish- e  e  r e  ite  gra (Gy-5,0)  an  ac  ic  ere e ecte  
from the New Color Collections ( a) o  t e a an o or e earc  nstitute. Their i e 
was of 3×3cm. e  ere attac e  on  t e ac  ac gro n  a er  
  t e tim i ere o er e  n er nat ra  ore cent ig t  it  c romaticitie  o  
     an  t e a erage illumination was 842 lx . 

2.2 SD Scale
Figure 1 shows the SD scales used. These scales were evaluated with seven points.

 
Figure 1: SD scales used.

2.3 Participants
Paid experienced 2 male dichromats (1 protan and 1 deutan) and 2 male anomalous 

trichromats (deuteranomats) , ranging rom  to  ear  o  participated in this study.
They ere a  recr ite  rom  organi ation. e  a  een te te  t eir t e o  co or 
vision at ophthalmological clinics

13 male and female color vision normals, who were all nai e to t i  in  o  co or 
experiment and not paid, were a o recr ite  o t at t eir re t  can e com are  e  
a  een te te  t eir co or i ion  i ara P e oi oc romatic P ate They were all 
t ent  o  anaga a ni er it  at t e age o  aro n  

2.4 Experimental Procedure
11 co or  o  c i  ere o er e  one  one  t e artici ant t ro g  a are o ening o  

ac  ma  o  t e i e ame a  tim i to a oi  m t a  in ence et een a acent co or  
e artici ant  e a ate  eac   co or  o  image  ing  S  ca e  it  points.

3. RESULTS AND DISCUSSION

Figures 2 and 3 show SD average profile of the color vision deficients and color vision 
nomals or re  an  e colors. Red  is one of colors which showed remar a e difference 
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et een co or i ion e icient  an  normals.   Blue is, on the other hand, one of colors 
which showed small differences.  Dotted and solid lines  indicate average results for color 
vision deficients and color vision normals respectively.

a e  o  t e mmar of  individual images (SD scales) showing large 
difference , more than 2.0 points on each scale, et een co or i ion e icients and 
norma  in eac  co or  a ata or re  an  e co or  are e c e  ic  can e re erre  
to Figures 2 and 3.

  
Figure 2: Average image to red.  Figure 3: Average image to blue.

Points on individual images (SD scales) shifted generally towards right hand in each
scale, i.e. towards negative image or emotion in color vision deficients .  

For red color, images of warm-cold, crowded-lonely, powerful-not powerful , and 
showy-quiet  a  o  ic  ma  e c tere  into acti it  shifted towards right hand in 
the color vision deficients. mages of romantic-realistic, modern-ancient, ic  ma  e 
clustered into "modernness", were similar et een t em .

or e color, images of monotonous-changeful and open-closed shifted towards right 
in color vision deficients. But, images of other scales are generally analogou  et een 
them 

a e shows that orange color also give different image, more than red, to color vision 
deficients and nomals. at i  re icta e eca e orange an  re  are ite imi ar in t eir 
image for color vision normals ( ama et a  ).  Many of images showing large 
difference were also from "activity ".  Both red and orange colors are not perceived "red" 
nor  orange  a  co or i ion norma  o  t ma e oo  e o i  or t em   t eem  
natural to postulate that images to such colors differ for color vision deficients.

t i  o e er  intere ting t at image  or "narural-unnatural", "plain-heavy", or  
"modern-ancient  ere itt e i erent et een t em e ite  o  i erence o  a earance 
of color.  This result suggest that such image  are create  not  co or  t ot er actor  
i e rig tne  or a e  
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of color.  This result suggest that such image  are create  not  co or  t ot er actor  
i e rig tne  or a e  

t i  re icta  t at image  o  e or i  co or  i  not o  great i erence 
et een  co or i ion e icient  an  norma  or co or i ion e icient  ercei e e

co or a  e  ra am  ia     it o i an  a ega a   

Table 1: Scales showing large difference between color vision deficients and color vision 
nomals in each color except red and blue.

              Color                  SD scale 

           Orange 

amiable―not amiable 
warm―cool 
crowded―lonely 
powerful―not powerful 
showy―quiet 
 plain―heavy 
 young―old 
smart―rustic 
open―closed 

     yellow green 
like―dislike 
beautiful-ugly 
plain―heavy 

          White 

like―dislike 
amiable―not amiable 
calm―frivolous 
romantic―realistic 
smart―rustic 

  greenish-yellow 

amiable―not amiable 
powerful―not powerful 
plain―heavy 
young―old 
smart―rustic 

     bluish-green not greatly different 
    greenish-blue not greatly different 
         Purple not greatly different 
           gray not greatly different 
           black not greatly different 

 
 The results that images to yellowish colors ere rat er i erent et een co or i ion 
deficients and normals seem difficult to compromise with the hypothesis of their 
recognition o  co or   ince t e  ot  ee t e ame e o   co or   i  ma  art  e 
e aine   t e act that yellowish colors used in the present study included some green, 
i e e o  green an  greeni  e o  ic  i  a me  to oo  i erent  rom co or 

vision normals.
mage  ite ere n re icta  i erent et een co or i ion e icient  an  

normals it  t o e to gra  an  ac  itt e i erent. t  i  o i e t at  image gray or 
ac  i  e entia  ea or ot  co or i ion e icient  an  norma   mage  ite i  

on t e ot er an   trong orming ome o  i erence et een t em  
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4. CONCLUSIONS

mage  to co or   co or i ion deficients are different from color vision normals
depending color. General tendency was that the point on each SD scale shifted towards 
right hand, i. e. negative image or affection, in color vision deficients.  For red, orange, and 
white colors, there e i te  e era  tantia  i erent color image  S  ca e  et een 
color vision deficients and color vision nomals. t mage o  e, purple, gray  an  ac  
showed little difference et een t em mages to greenish-yellow and yellow green were 
slightly different.

n term  o  in i i a  image  S  ca e  image  c tere  in "activity ", e.g. 
"crowded-lonely", "powerful-non powerful", or " showy-quite" were much different for 
color vision deficients and color vision normals. mage  o   narural-unnatural", "plain-
heavy", or  "modern-ancient" were, on the other hand,  showed little difference et een 
them. e atter gge t  t at  c  image  are not create   co or  t ome ot er 
factors.

Thus we have to pay attention to difference in image et een co or i ion e icient  an  
normals when we construct color universal design.
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S r ace S ectral e ectance timation it  Str ct re  i t 
Projection

r egor  S 1 r to   1 and o ert S 1

1 n tit te o  icromec anic  an  P otonic  ar a  ni er it  o  ec no og

ABSTRACT
Se era  o tion  ere e e o e  to recon tr ct re ectance ectra o  r ace  o t o  t em 

oc  on  ac i ition o  more t an t ree ectra  c anne  e an  are e arate   fi tering t e 
illumination spectrum or the light falling on the camera sensor. Recently more complex solutions have 
emerge  ic  com ine t e m ti ectra  in ormation it  a e in  e re ent a ro t met o  
o  ectra  re ectance e timation or oint  am e  on a  r ace in a tr ct re  ig t ro ection 
system. The proposed solution does not need any additional hardware apart from the devices used 
in t e c a ic tr ct re  ig t ro ection et  t ti i e  a ca i rate  co or  camera an  a P 
projector, which projects sine fringes in order to provide precise 3D point coordinates. Additionally, 
t e ro ector i  e  a  a ig t o rce or m ti ectra  image ca t re  i a ing ni orm co or 
fields. Simultaneous acquisition of the 3D shape information, as well as the multispectral data is 
o i e in a ing e e ence o  image  e  are correcte  or i mination non ni ormit  am ient 

light and camera noise.
o a roac e  are eri ie  or t e e ign o  o tima  ro ecte  e  n t e ir t one t e 

at rate   or  ie  are i a e  Princi a  com onent  it  t e mo t ariation rom 
t e re ting  c anne  regi tere   t e camera are ta en a  in t to t e ectr m recon tr ction 
a gorit m  n t e econ  a roac  t ree e  are o n   an o timi ation a gorit m ic  e  
emi ion ectr m o  t e ro ector an  ant m e ficienc  o  t e camera in or er to minimi e inten it  
ariation  et een c anne

The presented method reconstructs a point cloud representing the surface with spectral 
re ectance e timate  or eac  oint  o te te  met o  o  ectr m recon tr ction are t e iener 
in er e an  t e P  a e  a roac  e ro i e e a ation o  acc rac  o  t e ro o e  met o  an  
show results of scanning painting samples created with different techniques, as an example application 
o  c t ra  eritage igiti ation

Surface spectral reflectance estimation with structured 
light projection

Grzegorz MĄCZKOWSKI,1 Krzysztof LECH,1  Robert SITNIK,1

1 Institute of Micromechanics and Photonics, Warsaw University of Technology

ABSTRACT

Several solutions were developed to reconstruct reflectance spectra of surfaces. Most of 
them focus on 2D acquisition of more than three spectral channels. The bands are separated 
by filtering the illumination spectrum or the light falling on the camera sensor. Recently 
more complex solutions have emerged, which combine the multispectral information with 
shape in  3D. We present  a robust  method of  spectral  reflectance estimation  for  points 
sampled on a 3D surface in a structured light projection system. The proposed solution 
does not need any additional hardware apart from the devices used in the classic structured 
light  projection  setup.  It utilizes  a  calibrated  color  CCD camera and a DLP projector, 
which projects sine fringes in order to provide precise 3D point coordinates. Additionally, 
the projector is used as a light source for multispectral image capture by displaying uniform 
color  fields.  Simultaneous  acquisition  of  the  3D  shape  information,  as  well  as  the 
multispectral  data  is  possible  in  a  single  sequence  of  images.  They are  corrected  for 
illumination non uniformity, ambient light and camera noise.

Two approaches are verified for the design of optimal projected hues. In the first one the 
saturated CMY fields are displayed. In the second approach three hues are found by an 
optimization  algorithm  which  uses  emission  spectrum  of  the  projector  and  quantum 
efficiency of the camera in order to minimize intensity variations between channels.

The presented method reconstructs  a point  cloud representing the surface with spectral 
reflectance estimated for each point. It uses the Wiener inverse method for the spectrum 
reconstruction.  We  provide  evaluation  of  accuracy of  the  proposed  method  and  show 
results  of  scanning  painting  samples  created  with  different  techniques,  as  an  example 
application of cultural heritage digitization.

1. INTRODUCTION

Some very recent developments focus on spectrum reconstruction from minimal input data 
and no a priori  information.  They need two images of a scene, captured with different 
illuminants (Jiang and Gu 2012) or with and without a filter (Shrestha at. al. 2011). These 
methods provide robust solutions to multispectral imaging problem.

Recently also the 3D acquisition systems emerge, which combine shape information, 
encoded as a point cloud, with spectral or colorimetric data (Tonsho at. al. 2001, Mansouri 
at. al. 2007, Simon-Chane at. al. 2013). These achievements are innovative and promising 
in cultural heritage digitization,  but they are also complex and expensive. On the other 
hand, they address the problem of angular reflectance properties of the 3D surface, which is 
important, but difficult to solve. In this work we take a different approach and propose a 
simple and low-cost solution, which enhances an ordinary 3D scanner with structured light 
projection (SLP) in order to equip it with spectral reflectance estimation capability at each 
registered point. Being aware of the hardware limitations and simplified acquisition model, 
which does not take into account illumination and observation directions with respect to 
the  surface orientation, we propose the illumination optimization procedure. It improves 
the reflectance reconstruction results, providing a robust measurement method.
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. CONC T O  T  S TU

The  setup  joins  the  concept  of  the  structured  light  projection  system,  with  additional 
acquisition step, which provides data for the spectral reflectance reconstruction.

.1 D scanner

The SLP system is built with a digital camera and a DLP projector, which provides active 
illumination. In our case the sine fringe projection technique is used. During the acquisition 
a set of images with shifted pattern, along with binary codes for the phase unwrapping, is 
captured. After automatic processing it yields a point cloud corresponding to the digitized 
surface. Normally each point in the cloud has assigned a color value, coming from one of 
the registered images,  which was acquired with the projector displaying uniform white 
background.  Such  color  information  has  relatively  low quality,  which  is  only slightly 
improved by adjusting the camera white balance. In the following study we propose to 
swap  this  data  with  the  calibrated  color  map,  derived  from  the  estimated  reflectance 
spectrum. Because in the image acquisition path just a single camera is used, there is one-
to-one correspondence between the calibrated color value and the point in cloud and no 
additional texture mapping is necessary.

The tested setup features 2. Mpix color, CCD camera and off-the-shelf ullHD DLP 
projector. It is calibrated with the method described in (Sitnik 2002), so that it has working 
volume  of  size  1 0x1 0x 0mm  and  achieves  resolution  of  0.1mm,  measured  as  the 
average distance between points in the captured cloud.

.  Spectrum reconstruction method

The multispectral  methods for  reflectance reconstruction  need to  operate  on more than 
three,  linearly  independent  spectral  channels.  Different  methods  and  applications  use 
diverse number of bands, either narrow or wide ( ischer and  Kakoulli,  200 ). Most of 
them use between six and ten channels, which is sufficient, when the appropriate algorithm 
for the reconstruction  is  chosen. The most  widely used approaches include the Wiener 
inverse method and or PCA-based one (Kang, 200  203). The former one uses signal and 
noise covariance in order to balance the inverse problem of increasing the dimensionality 
of  the  response  from a  few channels  to  the  full  spectrum sampled  with  a  predefined 
resolution.  The  PCA-based  methods  use  statistical  information  gathered  from  a  large 
number of spectral samples in order to derive basis vectors, describing the set of samples.

In this work the Wiener inverse approach is used. The spectral filtering is realized by 
taking three images with a trichromatic camera, illuminated with different projected hues. 
This way nine channels can be captured with three acquisitions. Additionally each captured 
image is corrected for the camera noise and uneven illumination with the method described 
in (M czkowski at. al. 2012).

. D  RO CTOR OD

The available DLP projectors use mainly two kinds of light sources  tungsten lamps and 
LEDs. Both of these solutions are not ideal for faithful color reproduction and spectral 
reconstruction. Measurements of spectral response of sample off-the-shelf devices show, 
that their emission spectral power distribution (SPD) is very non-uniform, with high peak 
around blue region and much smaller power in the red region of the spectrum ( igure 1a). 
Especially LED-based projectors are a poor choice for the proposed application, because 
they often exhibit wide ranges with no, or very small emission, which gives no sensitivity 
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around blue region and much smaller power in the red region of the spectrum ( igure 1a). 
Especially LED-based projectors are a poor choice for the proposed application, because 
they often exhibit wide ranges with no, or very small emission, which gives no sensitivity 

in these parts of the spectrum. Therefore in the further analysis the classic DLP projector, 
with tungsten lamp and filter wheel is used.

In  order  to  take  the  advantage  of  the  DLP  projector  in  spectral  measurements  its 
characterization must be performed in order to find a relation between R, G and B values, 
which  drive  the  output  and  produce  the  resulting  SPD.  or  this  purpose  the  spectral 
response  si(λ) in  every  channel  of  the  projector  was  measured  separately  with  a 
spectrophotometer. Additionally the total response, summed over the whole spectrum was 
measured at  a  range of  supplied  intensity levels  between 100 and 2 0,  with  10 levels 
interval.  Based on this  data a response model was found by least squares fitting of the 
power function to the intensity response. Based on the gamma coefficient found this way 
the final relation between input RGB values and the output SPD is derived as in Eq. 1.

S (λ )=s R(λ )( R
2 )

γ

+sG(λ)( G
2 )

γ

+ sB(λ )( B
2 )

γ

(1)

The  model  was  verified  in  two  ways.  In  the  first  approach  the  hardware  gamma 
correction was manually adjusted in the projector, so that two sets of responses for gamma 
2.0 and 2.2 were collected.  The model  was found in both cases and the response was 
linearized. The resulting relations were identical, as is shown in igure 1b, which proves 
that the model works for different gamma parameters.

In  the  second  verification  stage  the  reconstructed  response  was  compared  with  the 
measured one for arbitrarily chosen RGB coefficients. The procedure was repeated for five 
different set of coefficients and in all cases the root mean square diffrence between the 
responses did not exceed 1 . Example pair of characteristics is depicted in igure 1c. In 
the  whole reasoning the assumption  is  made,  that  the  γ coefficient  is  the  same for  all 
channels and does not  change with wavelength.  urthermore,  the emission spectrum is 
considered constant for the whole illuminated area, so that differences between pixels are 
neglected.

Figure 1: Spectral analysis of the DLP projector: a) response in channels R, G and B; b) 
results of response linearization; c) reconstruction of the SPD for R239, G228, B176.

. O TI I ATION O  T  AC UISITION ARA T RS

Optimization of the acquisition parameters requires an image registration model,  which 
describe how the spectral channels  intensity is captured. It equals the total irradiance Sl(λ), 
emitted by a light source in the band l, filtered by the surface spectral reflectance r(λ) and 
the detector sensitivity Dk(λ) in the channel k, integrated over the visible spectrum (Eq. 2).

I kl=∫Dk (λ)S l (λ)r (λ)d λ (2)

Input multispectral signal comprises of all combinations of light source spectral bands 
and camera channels.  In this  study the camera channels  are equivalent  to  R,  G and B 
spectral sensitivity of a CCD matrix  with the Bayer color filter.  or simplification the 
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attenuation  of  the  optical  system  is  not  considered  separately,  however  the  bit 
quantization of the intensity, resembling the actual camera behavior is taken into account.

The light  source bands are chosen from three different  hues,  displayed by the DLP 
projector.  It  can  be  observed,  that  the  pairs  with  projected  red  hue and captured  blue 
channel and vice versa will likely produce low imaged intensity and low signal to noise 
ratio. To avoid this the cyan, magenta and yellow hues are displayed as the primary colors, 
so that relatively even exposure in all channels and high signal level is achieved.

The method of DLP bands selection is based on a simulation, which finds the solution 
minimizing the root mean square error between the reference and reconstructed spectral 
reflectance for different projected colors. The displayed hues are changed by manipulating 
the proportions between the nominal cyan, magenta and yellow channels. The procedure 
uses  the  model  from  Eq.  2  to  calculate  the  camera  response  in  each  band.  Spectral 
characteristics of the ColorChecker target patches are used as a set of reference reflectances 
r(λ). Light source emission spectrum in channel l is calculated from the displayed ClMlYl 

with the projector model from Eq. 1, and the detector sensitivity corresponds to the camera 
color channel  k. Once the camera response in each band is found for the reference color 
patches, the Wiener inverse spectrum reconstruction model is established. Afterwards it is 
used to recover reflectance spectra of another set of representative samples, which come 
from spectrophotometric measurements of painted surfaces.

In the initial attempt a non-linear solver was employed to find the optimal sets of CMY 
coordinates of the projected hues, which give the best results of the spectral reconstruction 
of the chosen samples. Unfortunately, the model proved to be not sensitive enough for the 
channels  parametrization.  To  overcome  this  problem  another  approach  was  proposed. 
Because the parameter space is only three-dimensional and in practice can be sampled in 
only 2  levels, corresponding to the possible color values displayed by the DLP in each 
channel,  it  was  possible  to  calculate  the  objective  function  for  different  parameters 
combinations.  The  error  function  was  defined  as  the  total  RMS  error  of  spectrum 
reconstruction for 2  representative samples, drawn from measured reflectances.

Figure 2: a) Slice of the spectral reflectance reconstruction error function on the RlGl 

plane, for the para eter B  2 ; b) e a ple spectru  reconstruction results for three 
sa ples.

The three dimensional grid of the projected color samples was chosen as the domain for 
evaluation of the error function.The sampling was made in the range between 0 and 2 , 
with the step of  levels for each of the nominal CMY channels. ig. 2a depicts the plot of 
the CM slice of the objective function for Y  2 . It clearly shows, that for intensities 
above a certain threshold, the error variations are very small. It means that the spectrum 
reconstruction performance does not depend much on the projected intensities, unless they 
are lower than a border value. The data evaluation shows, that the threshold equal to 1 0 is 
sufficient.  Additionally  it  proves  that  the  overall  accuracy  of  the  spectral  reflectance 
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reconstruction  is  determined  by  the  shape  of  the  light  source  SPD,  rather  than  by 
proportions of its subranges.

ig.  2b  presents  simulated  reconstruction  of  spectral  curves  for  three  exemplary 
samples.  Their  reference characteristics,  indicated  by the  dashed lines,  come from real 
reflectances, measured by a spectrophotometer.

. RI NTA  R SU TS

The reflectance  spectrum reconstruction,  based  on the  acquisition  with  structured light 
projection, was verified experimentally. The 3D scanner was set in the laboratory, where it 
was shielded from light sources other than the DLP projector. Three illumination patterns 
with  cyan,  magenta  and  yellow  hues  were  used  as  lighting  for  in  the  multispectral 
acquisition.

The ColorChecker Passport target was captured as a point cloud. The color patches were 
extracted by a semiautomatic segmentation of the 3D data, so that an average value was 
found for  each patch  in  every band.  These  data  served as  input  for  calculation  of  the 
Wiener  inverse  model  of  the  spectrum  reconstruction.  The  model  was  verified  with 
measurement of the same color target and a set of painted samples, which did not took part  
in  the  model  estimation.  Additionally  the  setup  was  used  to  scan  two  paintings  
reproductions, made in different techniques. The first one was the fragment of . van Gogh 
impasto on canvas and the other was a limestone wall painting with an antique theme. The 
100x100mm samples were digitized as point clouds with the resolution of 100 points per 
square millimeter. ig. 3 shows point clouds with reconstructed color and spectral curves 
recovered in  chosen places,  along with their  RMS and G C error metrics  (Imai at.  al. 
2002).

Figure 3: easure ent results of the painting sa ples.

. CONC USIONS

The presented work shows a successful fusion of the shape measurement method with 
structured light projection, with the spectral reflectance estimation. It provides a starting 
point  for  further analysis  of  such integrated solutions,  which open new possibilities  in 
cultural heritage digitization.

The analysis leads to a conclusion that, having a flexibility of choice of the projected 
colors, they can be adjusted to achieve the same exposure in all acquired band images. This 
way the signal to noise ratio and quantization errors are similar and easier to compensate 
for. Moreover, the linear model of intensity registration provides data giving very accurate 
spectral reconstruction, which is generally not achievable in practice. This means, that the 
experimental factors such as noise, uneven illumination,  ambient light and camera non-
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linearity play important role in the reconstruction accuracy and elimination of them should 
provide better spectral reflectance reconstruction.
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accuracy, non-metameric match and is not limited to visual range. Typically, multispectral imaging 
systems are developed using filter wheel, filter array, stereo camera or monochrome camera with 
m ti e e  i mination ic  are e en i e an  time con ming met o  c  attention a  een 
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ground truth.
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performance and compared with a commercial hyperspectral imaging system (Hyper-spectral 
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ABSTRACT 

A modified multiplexed illumination a e  m ti ectra  imaging tem was proposed 
ing  camera an   i mination  ic  e   camera an  i erent 

com ination  o    The system was developed, optimised for its performance and 
compared with a commercial hyperspectral imaging system which uses line-scan and Push-
Broom technology e e o e    tic  e  tem a  te te  ir t  
capturing different targets and its performance was found excellent. Three optimal 
com ination  eac  o    one rom eac  of re  green an  e regions) were selected 
to illuminate the scene. Three exposures of RGB camera ere e  to e timate t e - an  
spectral image of the scene using linear regression method. Some further improvements 

ere ma e i e o timi ation o  camera ectra  en iti itie  ni ormit  correction o  
exposures and adaptively assigning different weights to different  an  training 
samples. With these improvements the performance of the system was improved  a o t 

 e tem a  te te   ing o r i erent target charts for training and testing.  
For different trainnig and testing sets, the performance of the system was ac ing e in  

 tem   ' 00 units ic  i  o io  eca e o  ing o  inten it  . t can 
e concluded that the developed system is self-illuminated, energy efficient, easily 

rea i a e  co t e ecti e and  fast in acquisition. 

1. INTRODUCTION 

Multispectra  imaging i  re erre  o er con entiona   imaging eca e o  ig  color 
accuracy, non-metameric match and is not limited to visual range. Typically, multispectral 
imaging systems are developed using filter wheel, filter array, stereo camera or 
monochrome camera with multiplexed illumination which are expensive and time 
con ming met o  c  attention a  een ai  to t e m ti e e   i mination 
a e  tem  ring a t decade eca e o  their ro tne  ig  itc ing ca a i it  an  

cost effectiveness (Shurestha 2013). Spectral imaging has wide spread applications 
including heritage and culture (Cotte 2003)  iometric  (Rowe 2005), astronomy (Rosselet 

, remote sensing S ain , medical imaging er e   and many others.  

Many different methods o  m ti ectra  imaging a e een ro o e  a rea  an  are 
a ai a e in iterat re  ti ectra  imaging a e  on m ti e e   i  o  rime interest 
in this paper (Tominaga 2012  n c  a tem  n i erent  are i minate  in a 
sequence and the scene is captured under each light using a monochrome camera in result 
o  ic  n an  ectra  image i  o taine  Such a system a  een used in several 
applications including film scanner (Shurestha 2012)  iometric  o e  an  me ica  
imaging er e   t er t e  inc e i ter ee  a e  t nea e i ter ar e erg 
2002, Shurestha 2011) and filter array (Baone 2000, Miao 2006) a e  tem  
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n State o  t e art m ti e e  i mination a e  stem, n an  multispectral image is 
o taine   ing n  an  n n m er o  e o re  o  monoc rome camera  i e in 
mo i ie  m ti e e  i mination a e  tem  t ree , one from each of red, green 
an  e region  are i minate  at a time an   camera i  e  to ca t re t e cene. So 
in t i  a  n an  ectra  image can e o taine   n  n m er o  e o re  (Shurestha 
2013).  

n t e rrent or  mo i ie  m ti e e  i mination a e  tem a  een e e o e  
an  ome im ro ement  a e een ma e inc ing ni ormit  correction  o timi ation of 
camera ectra  en iti it  nction  an  a igning o tima  eig t  to i erent  e  
as well as to training samples. e e e o e  tem a  te te   ing i erent training 
and testing color targets including four different charts named MCCC- Classic, MCCC-SG, 

igi e igiti er an  i  Painting Pigments  t  er ormance a  com are  it  a 
commercial hyper-spectral system (Hyper- ectra  icro co e it   camera  

- nm    tic  e commercia  tem es line-scan and push-
room tec no og  ic  i  a t an  ro t com aring it  t ica  i ter a e  tem  

This ection i  o o e   method, results and discussion, and conclusions drawn in the 
end. 

2. METHOD 

n t i  a er  mo i ie  m ti e e  i mination system was devleoped, improved and its 
performance was compared with a commercial hyper-spectral system. A commercialy 
a ai a e 16 channel  i minant, each channel of which is com ter contro a e  was 
used to i minate t e cene  ine  ere selected out of sixteen, three from each of 
re  green an  e region  The e ecte  nine  are narro  an  ing it in an  
co ering more e  t e o e i i e range o  - nm (Figure 1). ne com ination o  
t ree  one rom eac  region  a  illuminated at a time and scene was captured using 

anon  ar   camera it   en or  ree o tima  com ination  o   ere 
selected which give the minimum color difference. Four different color charts were used 
for training and testing (Figure 1). A computer system was used to synchronise 
illumination and capture. So the system is simple, self illuminated and computer 
contro e  e c ematic aigram i  o n e o  Figure 2). 

or eac  ig t t e cene a  ca t re  once ing anon  ar -  camera. These three 
e o re  ere e  to e timate t e - an  ectra  image o  t e cene ing inear 
regression method. n t i  met o  t e re ectance a e  were ac  re icte  ing SPDs 
o  t e  e  spectral sensitivities of the camera and reflectance values of the training 
set of samples measured using Data-Color SF600. Some further improvements were made 
i e o timi ation o  camera ectra  en iti itie , uniformity correction of exposures and 

adaptively assigning different weights to different L  an  training am e  it  t e e 
improvements the performance of the system was improved  more t an  o  t at of 
original for initial test done using MCCC-Classic. Main errors are ca e   ac i ition 
noise due to non-uniform and low intensity of t e  o rce  e  e er ormance o  
the developed system was compared with a commercial  a ai a e er-spectral system. 

e commercia  tem a  ir t te te   com aring it  re t  it  re ectance ata 
measured using Data-Color SF600. The performance of the commercial system was found 
e ce ent  e  tic  e  ine-scan and push- room tec no og  to e e o  a er-

ectra  imaging tem  e er ormance o  ot  tem  a  mea re  ing ate t  
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co or i erence orm a name  0 (Luo 2001). Our developed system’s 
performance was lacking behind Isuzu’s system by about 1 ' 00 units.  

 

 

Figure 1: SPDs of selected 9 LEDs and four color charts used for training and testing. 

 

Figure 2: Schematic diagram of developed system.  

3. RESULTS AND DISCUSSION 

ot  tem  ere te te   com aring re t  it  mea re  re ectance ata ing ata-
Color SF600. The results of Isuzu’s system were found very close to the measured 
reflectance values and hence its perfromance was found excellent. The developed modified 
m ti e e  i mination tem a  im ro e   intro cing ome mo i ication  The 
camera spectral sensitivitie  ere o timi e  ing an a a ti e a gorit m  The captured 
RGB images were tore  in ra  ata orm an  t en ni ormit  a  correcte   ing a 
ni rom ite oar  e ni ormit  correcte  rea  matrice  ere t en e  to ac  re ict 

reflectance data of each pixel. Different weights were adaptively assigned to SPDs of 
selected   n  in t e ame a  i erent eigt  ere a igne  to re ectance ector  
of  different training samples. e ac  e e  a  a o a te  n re t of these 
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im ro ement  t e er ormance o  e e o e  tem a  im ro e   a o t  
compaing with original system. The performance of developed system was compared with 
Data-Color measurements and Isuzu’s system as well. The performance of developed 
system was found lacking behind Isuzu’  tem    nit  The results of 
developed system for four different training and testing targets are shown in a e  i  
paiting pigments chart was only used for e  re iction eca e it oe  not inc e gre  
patches. First column respresents training sets while all other columns repesent testing 
results against four test targets. The results were presented in terms of color difference 
et een mea re  an  e timate  re ectance ca c ate  ing  orm a  The 

developed system re ce  ac i ition time   times eca e o  a t itc ing ca a i ity 
o   an  com ter contro  e e o   camera i  more con inient an  it  oc  
an  re o tion can e et  er   oreo er  c  a tem co t  much less comparing 
with state of the art technology.  

Table 1. Summary of the results of developed system for different trinig and testing sets. 

Charts 
MCCC-
Classic 

MCCC-
SG 

igi e-
igi i er 

i  Paintig 
Pigments 

MCCC-Classic 3 4.4 4.5 3.5 

MCCC-SG 3.0 2.8 3  

igi e- igi i er  3.2 2.5 3.8 

i  Paintig 
Pigments 

X X X  

 

As for different traning and testing samples the color defference is less than 3 on 
everage, so the improved multiplexed illumination spectral imaging system can give 
acce ta e re t  or rea  time a ication  (Song 2000). Some paintings were also 
captured using develped system and images were found close to those captured using 
commercial system. 

4. CONCLUSIONS 

 mo i ie  m ti e e  i mination tem a  e e o e  ing t nea e  an   
camera  e e e o e  tem a  t en im ro e   optimising SSFs, applying 
uniformity correction  an  a a ti e  a igning i erent eig t  to i erent SP  o   
an  i erent training am e  ar  e e  ere a o a te  a a ti  t a  o n  t at 
t e er ormance o  e e o e  tem im ro e  a ter a o e mentione  mo i ication  The 
improved system is much faster and cost effective comparing with state of the art spectral 
imaging systems.  

The performance of commercial system was also tested which was found excellent. The 
developed system was compared with the commercial one. The developed system was 
ac ing a it e in  commercia  tem in term  o  er ormance t a  o n  more a ter 

an  co t e ecti e  e e e o e  tem can e e  or man  a ication  inc ing 
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iometrics, medical imaging and especially for culture and heritage. t can e concluded 
that the developed system is self-illuminated, energy efficient, ea i  rea i a e  co t 
effective and  fast in aquisition.  

ore or  i  eing carried o t to e ig  inten it  an  more ni orm  anne  an  t e 
expected results using the current method are less than 2 ' 00. 
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Evaluation of Hyperspectral Imaging Systems for Cultural Heritage 
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ABSTRACT
e t  o  t e ainting  an  ot er art or  t at re re ent t e c t ra  eritage i  e  to 

e ecti e an  a e ate re toration an  con er ation roce re  ere a  een an increa ing intere t 
in ing ectra  imaging or c t ra  eritage a ication  a  it ro i e  cientific no e ge on t e 
materials, and helps to understand artist’s techniques. Though the general classification of spectral 
imaging i  a e  on t e n m er o  an  a  m ti ectra  an  er ectra  tem  ectra  imaging 
devices varies in several ways depends on the technology used for capturing the data. This includes the 
sensor, electronics, optics and the imaging conditions also. As a result, spectral characteristics even for 
t e ame o ect image  ing eac  i erent e ice ro ce i erent o t t  n or er to n er tan  t e 

ita e e ice  or arie  in  o  a ication  in c t ra  eritage ector  it i  nece ar  to n er tan  
t e i er e et o  ectra  imaging e ice  i  a er e cri e  t e ana i  o  ectra  ata o taine  
rom a o n  o in e t  to en re t e a it  an  com ara i it  o  mea rement   
artici ating a oratorie   a art o  t e  ro ect S  o or an  S ace in t ra  eritage  
 a oratorie  are artici ating in t i   an  eac  artici ant e one or more imaging mo a itie   

ee ing t e en  a ication a  c t ra  eritage ector  fi e  te t target  a  een c o en or t i   
an  eac  o  t e e o ect  a  i erent t o ogie  e te t target  inc e  a S ectra on a e engt  
ca i ration tan ar  ite  o or ec er a ic  rite ite re erence ainte  ane  recon tr cte  
with medieval Tuscan technique, and antique Russian icon on copper.

S ectra  image ata o taine  rom eac  imaging e ice  e  in t e artici ating a oratorie  
ana e  a itati e  an  antitati e  n ence o  e era  imaging e ice arameter  en or 
characteristics, spectral sensitivity, spectral range, noise, dynamic range, optics, data formats) and 
imaging con ition  i minant ectra  o er i tri tion  imaging geometr  i minant non
ni ormitie  etc  i  e t ie  e re ent  i  con i ere  a  an e terna  ectra  image a it  

a rance too  in c t ra  eritage a ication  e t  rom t i   i  e e  to tan ar i e 
spectral imaging procedures, and also to determine certain characteristics of reference materials which 
are useful for accurate documentation and analytical studies.
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ABSTRACT 

ere a  een an increa ing intere t in ing ectra  imaging or c t ra  eritage 
applications as it provides a a e cienti ic no e ge on t e materials and techniques 
em o e   t e arti t. n or er to select t e ita e e ice or variou  in s of 
applications in the cultural heritage sector, it is necessary e a e to evaluate the diverse set 
of a ai a e spectral imaging devices. e re ting ectra  image  are in ence    
several device parameters (sensor characteristics, spectral sensitivity, spectral range, noise, 
dynamic range, optics, data formats) and imaging conditions (illuminant intensity and 

ectra  o er i tri tion  imaging geometr  i luminant non-uniformities etc.). This 
a er e cri e  t e details and preliminary results of a o n  o in e t  conducted 

to en re t e a it  an  com ara i it  o  mea rement  er orme   different spectral 
imaging la oratorie  involved in cultural heritage imaging. The present RRT is considered 
as an external spectral image quality assurance tool in cultural heritage applications. 

e t  rom t i   i  e e  to tan ar i e ectra  imaging roce re  an  a o to 
determine certain characteristics of reference materials which are useful for accurate 
documentation and analytical studies.  

1. INTRODUCTION 

e t  o  t e ainting  an  ot er art or  t at re re ent t e c t ra  eritage i  e  to 
effective and adequate restoration and conservation procedures.  Spectral imaging a  een 
proved as a promising technology to perform scientific documentation and analysis of 
c t ra  eritage o ect  (Liang, 2012, ar e erg et al. 2014). This non-invasive technique 
was found useful for achieving e era  o ecti e  en t o g  the general classification of 
spectral imaging is a e  on t e n m er o  an  – multispectral and hyperspectral 
systems, spectral imaging devices vary according to the technology used for capturing the 
data. This includes the sensor, electronics, optics and the imaging conditions also. Thus, 
the spectral c aracteri tic  o  t e ame o ect ac ire  it  different setups might vary. 

e ectra  imaging tec ni e  a e een initially developed in the remote sensing 
domain and later adopted in many other disciplines ( artine  et al. 2002). Many of the 
imaging systems used in the cultural heritage imaging are not designed to e a ie  in this 
domain, t they are adapted for this purpose. Due to this reason, the imaging systems has 
to e t ie  to n er tan  t e sensor characteristics, imaging geometry, reference o ect  
which generate high quality data in cultural heritage sector. The  funded C S  action 

S  o o r an  S ace in t ra  Heritage, is one of the initiatives that aim to 
investigate and enhance the use of spectral imaging for cultural heritage o ect . 
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A o n  o in est is a widely accepted tool to study the influence of various 
arameter  ic  ma  ar  et een in i i a  a oratorie  an  in tr ment  n t i  

exercise, the same te t o ect  was circ ate  among t e artici ating a oratories and 
mea re   i erent in tr ment  to evaluate the quality of the data. This RRT has een 
con cte  a  a art o  t e ro ean ro ect S  and more than 16 a oratorie  have 
een participating in this programme  ac  artici ating a oratory uses one or more 

imaging systems.  Fi e  te t target  a  een c o en or t i   an  eac  o  t e e o ect  
has different typologies which represent commonly used elements in cultural heritage 
imaging  e te t target  inc e  a S ectra on a e engt  ca i ration standard, X-Rite 

o or ec er a ic  -rite white reference, a painted panel reconstructed with medieval 
Tuscan technique, and an  antique Russian icon on copper. The main discrepancy et een 
the instruments mig t e ca e   t e i erent  components, which a  een e  to 

i d the acquisition setups, an  t e roce ing or o  ne o  t e main o ecti e  o  
this RRT is to identify these elements and to recommend solutions to form an inter-
instrument and inter- a  agreement  

Analysis of the hyperspectral data from two imaging systems to understand the quality 
in terms of image noise has already reported (Vitorino et al. 2015). i  a er e cri e  
methodologies and preliminary results of the hyperspectral image ata o taine   three of 
the partici ating a oratories. 

2. METHOD AND MATERIALS 

ne o  t e mo t im ortant actor  t at in ence  t e re t o  any round-ro in te t ractice 
is the choice of test targets. Utmost care has een ta en to c oo e t e target  ic  
replicate the common reference targets used while performing the spectral acquisition of 
c t ra  eritage o ect  Details of the test targets are e aine  rie  in t e o o ing 
section. 

2.1 Test Targets  

Test target 1:  Spectralon reference. The Spectralon® multi-component wavelength 
ca i ration standard i  one o  t e mo t common  e  re erence tan ar  to ee  trac  o  
t e re ectance a or ance o  t e mea re  o ect  S ectra on i  impregnated with a 
com ination o  t ree rare eart  o i e  o mi m o i e  er i m o i e  rosium oxide), 
i  a ta e an  c emica  inert re ectance tan ar  common  e  or e ta i ing t e 
accuracy of the wavelength scale of reflectance spectrophotometers. S ectra on a  a i e 
of mm o  iameter  and opaque, homogenous, smooth surface, and e i it  sharp 
a or tion  at eci ic a e engt  span over UV- S-  region o  t e e ectromagnetic 

ectr m  i  o ect was selected a  one o  t e re erence o ect  in t i   in order to 
assess the wavelength accuracy and the spectral resolution of each spectral system. 

Test target 2: X-rite ColorChecker Classic. The X- ite  o or ec er a ic target 
is a twenty-four patch color chart with standard colors which are the representation of true 
co or  o  nat ra  matter c  a  in  o iage an   a iti e an  tracti e rimar  
co or  ario  te  o  gre  an  ac  an  ite  ac  are atc  a  a i e o  mm 
an  tota  i e o  mm  mm.  The ColorC ec er i  a er  common  e  item 
for conventional photography and also as a standard color reference to evaluate color 
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re ro ction roce e  to g arantee t at t e in ormation o taine  i  a a e an  re re-
ent  t e tr e co or  o  t e o ect t at a  to e t ie  an  oc mente  Berns  2001).  

Test target 3: X-rite White Reference.  T e o or ec er  ite a ance target i  a 
ectra  ne tra  re erence tan ar  to e i er acc rate ite re ro ction  ite a ance 

re erence i  e  to mea re t e ig t i tri tion in t e o ect  ocation an  it g arantees 
precise, uniform, neutral white under any lighting condition.  

 

Figure 1   te t o ect  a  S ectra on re erence  ColorC ec er Classic  (c) White 
a ance   Painte  ane  e  con 

Test target 4: Painted panel. n a ition to t e a o e i te  re erence targets, a painted 
ane  i  a o inc e  in t e te t o ect  e ane  a  recon tr cte   ena Pran i an  
arina inanni e toration a oratorie  o  t e So rinten en a SPS  e er i  Po o 

ea e e a citt  i iren e  ta  in or er to re ro ce t e me ie a  can technique 
a  e cri e   ennino ). This panel was made in a wooden support and includes 
several layers of different pigments and underdrawings. The painted panel was included in 
the RRT items to evaluate the relevant spectral region for pigment analysis and to unveil 
underdrawings especially in the  region. 

Test target 5: Icon. Test targets 1-4 were mainly proposed a  re erence o ect  or 
spectral imaging in cultural heritage. However, it is also e ira e to study the current 
challenges in this field, which arises when ea ing it  o ect  o  i erent ro ertie  i e 
metallic or glossy surfaces. This will e  to orm e t ractice  for imaging such items. A 
Russian icon, “Virgin of Kazan” ate   o ne   Lindsay MacDonald (University 
College on on   was chosen as a test target. The icon is in the form of a colored 
image printed on copper plate, with wooden support a  t e trate. Due to the metallic 
plating, the illuminant generates specular reflections, which often reduces the quality of 
imaging. The aim of including this icon in this RRT is to understand the imaging 
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in tr ment  re on e to c  c a enging o ect  an  in e tigate a  to a re  c  
issues. 

 

2.2 Experimental Procedure 

e ame et o  te t o ect  was circulated among the participating a oratorie  ac  
participant was provided with the general instructions of the test and performed the image 
acquisitions in the same manner t e  a  or  it  their instrument. Details of the 
spectral instrument and the image acquisition conditions have een co ecte  it  a e t 
report form. Basic processing steps were requested to e performe   every a orator  in 
order to get the o ect spectral reflectance data. Ground trut  ata or t e te t o ect  a  
measured using point spectrometers and used as reference for comparison for the data sets. 

3. RESULTS AND DISCUSSION 

n t e re ent a er  e i c  t e com ari on et een t ree et  o  er ectra  image 
ata o taine  rom t ree a oratories.  o n in a e  t e in trument specifications 

are different in several aspects and also the original purpose of not all these spectral 
systems are for cultural heritage imaging.  

S ectra  image a it  ig  e en  on t e en  o ecti e an  t e a ication omain  
e ining attri te  or e er  a ication i  a c a enging ta  Shrestha et al. 2014). Most 

of the existing studies are in the remote sensing domain and are mostly related to the 
accuracy in classification. For cultural heritage applications, a standard has not een e l 
e ta i e  to e a ate t e ectra  imaging tem  n a e  a et o  a it  

eci ication  i  ro o e  e a e  in t e ta e are gi en or t e t ree a oratorie  an  
er ectra  imaging tem  re ente  in t e c rrent t  t t e attri tes are meant 

to e a tan ar  o  a it  t at i  e e ten e  to a  t e imaging tem  in o e  in t e 
o n  o in e t   

Table 1. Details of the hyperspectral imaging systems. 

Participant No of 
bands 

Wavelength 
(nm) 

Imaging 
geometry 

Spatial 
resolution 

Bit 
depth 

Original 
purpose of 

system 

Lab 1 61 400-1000 0- 45 275 ppi 16 bit 

Measurement 
and color 
control of 
spatially 
complex 
patterns 

Lab 2 160 400-1000 0- 45 150 ppi 16 bit Airborne 
applications 

Lab 3 450 400-900 0- 45 300 ppi 12 bit Art scanning 
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Table 2. Quality specifications of the 3 hyperspectral systems 

  Lab 1 Lab 2 Lab 3 

Class of 
attributes 

                        System 
Attributes     

Pushbroom 
Hyperspectral 

Imaging System 
VIS-NIR 

Hyperspectral 
Camera 

Line Scanning 
 Spectral  
System 

System 
Attributes 

Spatial sampling 275 ppi 150 ppi 300 ppi 

Spectrum coverage 
Visible +  

 near infrared 
(400-1000nm) 

Visible +  
 near infrared 
(400-1000nm) 

Visible +  
near infrared 
(400-960nm) 

Number of bands 61 160 450 
Band separation ~10 nm ~3.7nm ~1.25nm 
Number of bits 18 12 16 

Set-up 
Information 

Position of the target Horizontal Horizontal Vertical 
Complexity Medium Medium Medium 

Portability of the 
system Low Low Low 

Cost High High High 

Post-processing 
File format .tif Proprietary .cub 

Compatibility with 
ENVI No Yes Yes 

     

 

t i  note  t at ectra  ata o taine  rom a   re te  in ea t ectra  an  
co orimetric error com are  it  ata rom a   an  a   i  imaging tem a  
etter ectra  an  atia  re o tion it   an  an  300 ppi. Since this system has 

originaly designed for art scanning applications, close range scanning might have resulted 
in etter ectra  ata  Painte  ane  wa  ma e  mi ing i erent materia  an  t e 
spectral measurements was performed at visually similar spatial locations in the same 
an  e im omogeneity in painted material might have caused slightly higher values in 

S  com are  to the ColorChec er. The overall trend of error metrics of spectral data 
from the 3 instruments i  com ara e. 

n a ition to t e a it  tem eci ication  in a e  an  t e ectra  an  co or 
acc rac  metric  in a e  an  a e  a et o  image a it  attri te  a  een e ine  
to e ta en into con i eration a  e  in t e ina  re ort o  a it  e a ation for the RRT 

e t o ect  o or ec er an  Painte  ane  ectra  image  are com are  ectra  an  
co orimetrica  n this analysis, measurements performed with a point spectrometer are 
con i ere  a  t e gro n  tr t  e metric  oot ean S are rror an  t e  
color difference are computed to quantify the spectral and the colorimetric quality 
respectively. e attri te  re er to t e a it  o  t e image ca t re   t e ectra  
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systems, in terms of image sharpness, uniformity, noise and specularities that characterise 
t e ectra  igita  ca t re  o  t e c t ra  eritage o ect  t ie  in t e  e 
ro o e  attri te  i  e ana e  in t re or  

 

Table 3. RMSE and CIELAB color difference computed for the each of the 24 patches of 
the Color Checker, between the values measured with the three imaging systems and the 
ground truth data. 

 

Color 
Checker  

Patch 
1 2 3 4 5 6 7 8 9 10 11 12 13 

Lab 
1 

RMSE 0.11 0.12 0.02 0.03 0.09 0.10 0.12 0.09 0.09 0.05 0.11 0.11 0.04 
CIELAB 

diff 8.24 5.44 1.43 9.54 4.11 6.28 17.76 7.77 11.55 3.90 13.61 17.34 9.93 

Lab 
2 

RMSE 0.05 0.03 0.05 0.02 0.01 0.05 0.07 0.03 0.04 0.04 0.02 0.09 0.03 
CIELAB 

diff 1.33 1.54 1.76 2.22 1.43 6.38 6.89 4.52 2.18 4.14 3.59 7.42 6.41 

Lab 
3 

RMSE 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
CIELAB 

diff 2.31 1.84 1.03 1.46 1.54 1.94 2.19 2.25 1.20 1.42 2.68 2.00 0.69 

 

Color 
Checker 
 Patch 

14 15 16 17 18 19 20 21 22 23 24 Mean  

Lab 
1 

RMSE 0.11 0.11 0.14 0.10 0.04 0.14 0.05 0.02 0.02 0.01 0.01 0.08  
CIELAB 

diff 15.12 15.55 17.42 12.03 6.84 6.88 5.55 4.25 3.21 4.03 4.81 8.86  

Lab 
2 

RMSE 0.02 0.02 0.03 0.08 0.03 0.14 0.09 0.04 0.02 0.04 0.02 0.04  
CIELAB 

diff 5.37 3.52 2.18 3.07 5.93 7.72 2.86 0.93 2.14 2.67 3.65 3.74  

Lab 
3 

RMSE 0.01 0.02 0.02 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01  
CIELAB 

diff 2.11 2.18 1.51 2.84 3.28 0.43 0.51 0.40 0.69 0.34 1.20 1.58  

  

 

 

Table 4. RMSE and CIELAB color difference computed for the each stripe of the Painted 
Panel, between the values measured with the three imaging systems and the ground truth 
data.  

 
Painted  
Panel 1 2 3 4 5 6 7 8 9 10 11 12 Mean 

Lab 
1 

RMSE 0.04 0.03 0.12 0.14 0.12 0.11 0.03 0.02 0.06 0.05 0.08 0.02 0.07 

CIELAB 
 diff 6.52 4.20 11.18 12.96 15.15 15.94 7.08 5.92 8.70 7.19 6.48 7.57 9.08 

Lab 
2 

RMSE 0.04 0.01 0.09 0.04 0.07 0.12 0.06 0.04 0.02 0.02 0.21 0.04 0.06 

CIELAB  
diff 1.87 3.15 3.61 7.16 7.19 7.23 8.96 2.57 4.37 5.35 6.39 4.29 5.18 

Lab 
3 

RMSE 0.01 0.01 0.01 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.02 0.01 0.01 

CIELAB  
diff 3.73 4.97 5.56 3.54 2.31 0.83 0.78 1.00 1.05 1.99 1.01 4.39 2.60 
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4. CONCLUSIONS 

n t i  a er e a e presented the preliminary analysis of hyperspectral data generated 
rom a o n  o in e t  n a ition to t e technical comparison of spectral imaging 

systems, a quantitative evaluation of the image data has also een er orme  for three 
a oratorie .  n t re or  t i  quality analysi  i  e e ten e  to the full set of 

multispectral and hyperspectral devices involved in the RRT an  more metric  i  e 
added towards an in-depth evaluation. 
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Spectral Gigapixel Imaging System
for Omnidirectional Outdoor Scene Measurement

oto i  aoto S  eita  a a i o  an  S o i 
ra ate Sc oo  o  ance  ntegration Science  i a ni er it

ABSTRACT
mni irectiona  imaging i  a e  tec no og  or an ca e arc i ing c  a  oog e Street 

ie  an  e rc i ing o  termat  o  t e  o o  art a e an  nami  a ro ect 
 e ni er it  o  o o an  o o  ni er it  or ig a it  cene arc i ing  it i  a o 

im ortant to ac ie e acc rate cene ectra  in ormation an  ig re o tion image  n ot er or  
t e tec no og  o  a ectra  giga i e  imaging tem or omni irectiona  nat ra  cene  i  ignificant 
in ne t generation nat ra  cene arc i ing   ar  imaging tem  a e een e e o e  e arate  
as spectral imaging systems, gigapixel imaging systems, and omnidirectional imaging systems with 
i erent a ication  oreo er  ome integrate  tem  com ining t o o  t e a o ementione  t e  

o  imaging tem  a e een ro o e  or ecific r o e  o e er  t ere are no imaging tem  
for acquiring spectral, gigapixel, and omnidirectional images concurrently. Therefore, in this paper, 
we discuss the development of a system for acquiring spectral gigapixel images for omnidirectional 
o t oor cene  e tem i  con tr cte  ing t o rogramma e ig ee   i eo camera  

it  te e oto en e  an  a rogramma e rotating ta e  e ca t re  image i e i     
pixels, and the camera can capture images at a rate of more than 100 frames per second. The lens used 
i  a te e oto en  ic  co er  a  ori onta  ang e an  a  ertica  ang e  e rotating ta e 
can e a tomatica  contro e   a com ter  t a   mo ement in t e ori onta  ane an   
in t e ertica  ane  o i erent t e  o  co or fi ter  are mo nte  on t e t o  i eo camera  
or m ti an  image ac i ition   com ining t e e co or i ter  it  t e camera en iti itie  e 

can o tain i  c anne  ectra  en iti it  nction  en  ectra  o er i tri tion  are reco ere  
rom t e ca t re  i an  image   ing t e iener e timation a gorit m  rom t e e erimenta  

re t  t e a erage S  in t e ro o e  tem i  e timate  to e  or ac ie ing giga i e  
omni irectiona  image  e ca t re t e image  in  ori onta  an   ertica  irection  en  

e nt e i e a giga i e  omni irectiona  image  com ining t e  ca t re  image  i  
nt e i e  image co er  a  erica  fie  an  a  a ro imate   giga i e     

i e   a re t  o r ectra  giga i e  image ma e  it o i e to ie  omni irectiona  etai  an  
to re ro ce acc rate ectra  o er i tri tion  in t e cene

Spectral Gigapixel Imaging System 
for Omnidirectional Outdoor Scene Measurement 

Motoki HORI, Naoto OSAWA, Keita HIRAI, Takahiko HORIUCHI, Shoji TOMINAGA
Graduate School of Advanced Integration Science, Chiba University 

ABSTRACT 
This paper presents a system for acquiring spectral gigapixel images of omnidirectional 
outdoor scenes. The system is constructed using two programmable high-speed RGB video 
cameras with telephoto lenses and a programmable rotating table. The captured image size 
is 2048 × 1088 pixels, and the camera can capture images at a rate of more than 100 frames 
per second. The telephoto lens covers a horizontal angle of 14.5° and a vertical angle of 
10.8°. The rotating table can be automatically controlled by a computer. It can rotate 360° 
in the horizontal plane and 180° in the vertical plane. Two different types of color filters are 
mounted on the two RGB video cameras for multi-band image acquisition. By combining 
these color filters with the camera sensitivities, we can obtain six-channel spectral sensitivity 
functions. Then, spectral power distributions can be recovered from the captured six-band 
images by using the Wiener estimation algorithm. From the experimental results, the average 
RMSE in the proposed system is estimated to be 0.01427. For achieving gigapixel 
omnidirectional images, we capture the images for 60 horizontal and 21 vertical directions. 
Then we synthesize a gigapixel omnidirectional image by combining the above captured 
1,260 images. This synthesized image covers a spherical field of 360° and comprises 
approximately 1.9 gigapixels (60000 × 32000 pixels). As a result, our spectral gigapixel 
image makes it possible to view the omnidirectional details, and also to reproduce accurate 
spectral power distributions in the scene. 

1. INTRODUCTION 
Omnidirectional imaging is a useful technology for landscape archiving applications such as 
Google Street View (Anguelov, 2010) and "Aftermath of the 2011 Tohoku earthquake and 
tsunami" (A project by The University of Tokyo and Tohoku University) (Sakurada, 2013). 
In addition, omnidirectional images are currently being applied to virtual experiences 
through head mounted display systems (Hale, 2014). Hence, it is clear that omnidirectional 
imaging has been widely used in our daily life. 

A variety of omnidirectional imaging systems have also been developed. For example, a 
camera system with mirrors and panorama stitching algorithms using multiple images are 
well-known approaches (Szeliski, 2010). For covering 360° spherical field of view, recently 
a Ladybug camera system has been utilized (PointGrey Research, Ladybug5, 2014). This 
system has six cameras for synthesizing an omnidirectional image. 

For high-quality omnidirectional scene archiving, it is also important to achieve accurate 
scene spectral information and high-resolution images. In other words, the technology of a 
spectral gigapixel imaging system for omnidirectional natural scenes is significant for the 
next-generation natural scene archiving. So far the imaging systems were developed 
separately through spectral imaging, gigapixel imaging, and omnidirectional imaging and 
had different applications. In addition, some integrated systems with above two functions 
were also proposed for specific purposes. For examples, a 360° omnidirectional gigapixel 
imaging system has been developed by using a telescopic camera and an automatically-
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controlled rotating table (Gigapixel Panorama Photo, 2013).  In our previous work, we had 
developed a system for acquiring spectral images for time-lapse omnidirectional natural 
scenes (Hirai, 2014). However, there are no imaging systems for acquiring spectral, 
gigapixel and omnidirectional images concurrently. 

In this paper, therefore, we present a system for acquiring spectral gigapixel images of 
omnidirectional outdoor scenes. In general, a gigapixel image is generated by combining 
huge amount of images that are captured using telephoto lenses. Then, we capture more than 
one thousand multi-band images for generating a spectral gigapixel image of an 
omnidirectional outdoor scene. For realizing this capture, we develop a system using two 
programmable high-speed RGB video cameras with telephoto lenses and a programmable 
rotating table. 

2. PROPOSED SYSTEM AND IMAGE SYNTHESIS 

2.1 Proposed Imaging System 
Figure 1 shows the proposed imaging system for acquiring spectral gigapixel image of 
omnidirectional scenes. Our system consists of two programmable high-speed RGB video 
cameras with a telephoto lens, and programmable rotating table. Two different types of color 
filters are mounted on the two video cameras.  

The video camera is a Baumer HXG20 with an image size of 2048 × 1088 pixels and a 
bit depth of 12 bits, which can capture images over 100 frames per second (fps). The cameras 
also have liner response characteristics. This specification of the camera is enough for 
reducing the acquisition time. The lens is Kowa telephoto lens, which covers a horizontal 
angle of 14.5°and a vertical angle of 10.8°. The rotating table is CLAUSS RODEON VR 
station HD, which can be automatically controlled by a computer and allow 360° movement 
in the horizontal plane and 180° in the vertical plane. 

Two different types of color filters (KODAK No.34A, FUJIFILM SP-18) are mounted 
on the two color video cameras for six band image acquisition. Figure 2 shows the overall 
spectral sensitivity functions of the proposed imaging system. We reconstruct spectral power 
distributions (color signals) from the six-band images based on the Wiener estimation 
algorithm. 

 
Figure 1: Proposed system for acquiring gigapixel image of omnidirectional scenes. 
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Figure 1: Proposed system for acquiring gigapixel image of omnidirectional scenes. 

 

 

 
Figure 2: Spectral sensitivity functions spectral of the proposed six-band imaging system. 

2.2 Image Synthesis 
Figure 3 shows the flowchart for synthesizing a spectral gigapixel image of an 
omnidirectional scene. In our measurement system, we capture HDR images in 1260 
directions (60 images in the horizontal plane and 21 images in the vertical plane). Each HDR 
image is generated by combining fifteen low dynamic range (LDR) images captured at 15 
different exposure times. 

Because the original images are captured using the stereo camera system, there is a 
disparity (displacement) between images captured using KODAK No.34A filter and Fujifilm 
SP-18 filter. Hence, we have to completely align the two images for the combined six-band 
images such that there is no registration error. We have implemented the Phase Only 
Correlation (POC) technique (Takita, 2003) for image registration. 

Then, all captured images are transformed into the polar coordinate system (Szeliski, 
1997) for representing the omnidirectional images. For synthesizing an omnidirectional 
image, we utilize a total of 1260 images. The use of the programmable rotating table allows 
us to control and record the horizontal and vertical directional angles of each captured image. 
In other words, the relative polar coordinates can be determined for the polar coordinate 
images. Then, we can simply synthesize an omnidirectional image from the 1260 polar 
coordinate images based on the recorded directional angles. 

Finally, we recover the spectral images from the six-band images based on Wiener 
estimation technique (Hirai, 2012). The Wiener estimation is well known and widely utilized 
for recovering spectral information from noisy observations. 
 

 
Figure 3: Flowchart for a spectral gigapixel image of an omnidirectional scene. 
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3. RESULTS AND DISCUSSION 
Table 1 summarizes the performance of the proposed system. The six-band images are 
acquired using two color video cameras with two different types of color filters. In our image 
acquisition system, we require no filter exchange because we employ multiband imaging 
based on stereo one-shot technique. An omnidirectional image is synthesized from 1260 
images. The pixel size is approximately 1.9 gigapixels. However, our system requires a 
higher acquisition time for capturing more than 1000 images. 

Table 1. Summary of the configurations and performances of the proposed system. 

Number of channels Six-bands 
Filter exchange Not required 

Multi-band technique Stereo one-shot 

Photographing direction 1260 directions: 
60 horizontal and 21 vertical 

Pixel size Approx. 1.9 gigapixels (60000 × 
32000) 

Total acquisition time Approx. 2 hour 17 min 

Acquisition time for 
each directional image 

Approx. 5 seconds 
(including both capturing 
and rotating processes) 

 

For resolution comparison, we compare the proposed system with the conventional 
system (Hirai, 2014). Figure 4 shows the comparative rsults. The resolution of the 
conventional system is 7260 × 3630 pixels. The conventional system focuses on temporal 
resolution (acquisition time) rather than spatial resolutions, because the conventional system 
had been developed for acquiring time-lapse spectral images of omnidirectional natural 
scenes. As shown in Figure 4, we can see the details of distant objects. 

 

  
(a) Conventional system (7260×3630 pixels)   (b) Proposed system (60000 × 32000 pixels) 

            
(c)  Close-up of the red square in (a)     (d)  Close-up of the red square in (b) 

Figure 4: Resolution comparison between the conventional and proposed system. 
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Next, for validating the accuracy of the recovered spectral power distributions, we 
compare the estimated results with the ground truth. In this experiment, we estimated spectra 
of X-rite ColorChecker under D65. The ground truth data was measured by a 
spectrophotometer. Figure 5 shows the estimation results of the spectral power distributions. 
The average normalized RMSE shown in Figure 5 is 0.0147, and the average ∆E is 1.315. 
The results show that the proposed system can estimate the spectral power distribution 
accurately. In addition, the proposed system has the ability to reproduce accurate color and 
spectra of omnidirectional scenes in high resolution. 

 

     
(a) ColorChecker No.13:blue      (b) ColorChecker No.14:green 

     
(c) ColorChecker No.15:red      (d) ColorChecker No.16:yellow 

     
(e) ColorChecker No.17:magenta      (f)ColorChecker No.19:white  

Figure 5: Estimation result of spectral power distributions of the selected six colors: blue, 
green, red, yellow, magenta, and white.( Red line : actual value , Black  line : estimation) 
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4. CONCLUSIONS 
This paper proposed a spectral gigapixel imaging system for omnidirectional outdoor scene 
measurement. The system was constructed using two programmable high-speed RGB video 
cameras with telephoto lenses and a programmable rotating table. Next, we generated 
gigapixel images from 1260 directional images. We also recovered spectral information 
from six-band images. As a result, an approximately 1.9 spectral gigapixel image of an 
omnidirectional scene was realized. We also showed the proposed system could accurately 
provide spectral power distributions of an omnidirectional scene (RMSE: 0.01427, ∆E: 
1.315).  

As future work, the acquisition time of the proposed system should be reduced. Another 
issue is the optimal color filter selection for acquiring accurate spectral information of an 
omnidirectional natural scene. 
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ABSTRACT
S in cancer re re ent  one in t ree o  a  cancer  or i e an  it  inci ence in ro e  S  

an  tra ia i  increa ing ra i  eing t e me anoma t e mo t aggre i e one  o t  o  in 
cancer  are ca e   tra io et ig t rom a ig t or tanning oot  e or  ea t  rgani ation 
estimates that 60,000 people die every year for sunlight excess: 48,000 from melanoma and 12,000 
rom anot er t e o  in cancer  n t e ot er an  t e r i a  rate in  ear  rea  increa e  i  t e 

pathology is detected and treated early. Nowadays, visual inspection through the dermoscope is the 
tec ni e mo t i e  e   ermato ogi t  or t e etection o  in cancer  ermo co  a o  
t e ecia i t  i enti ing i erent tr ct re  attern  an  co or  o  t e in e ion  gge ting i  t e  
are enign or ma ignant  i  i  confirme   a i to ogica  e amination ater on re iring a rgi-
cal extraction of the lesion, which is the gold standard for clinicians. By means of this procedure, a 
ot o  a e o iti e  are ti  o taine  an  t  t e irect ann a  co t  o  iagno i  an  treatment o  

in cancer are ig  n or er to o ercome t e e imitation  in t i  t  a ne  an e  er ectra  
tem or t e iagno i  o  in cancer i  ro o e  e tem con i t  o  a  it e t  monoc ro-

matic  camera  i e  an  an o ecti e en  ic  a o  recor ing in e ion  it  
a  mm fie  o  ie   ring ig t o rce containing  ig t emitting io e   it  ectra  

an  co ering t e i i e an  t e near in rare  range o  t e e ectromagnetic ectr m i  e  to i -
minate t e am e  oreo er  t o o ari er  a o  c anging t e egree o  o ari ation o  ig t an  

t  o taining in ormation rom i erent in e t  i  i  im ortant a  or in tance  me anoma  can 
gro  ee er t an ot er e ion  n t i  or  e re ent t e met o o og  o o e  to et  an  c ar-
acteri e t e o e tem  inc ing t e rotoco  o o e  in or er to e ect t e mo t ita e ectra  
an  to etect in cancer e ion  rt ermore  t e fir t re t  corre on ing to rea  e ion  ana e  

at a c inica  ite o ita  nic i Pro incia  e arce ona an  n tit t n e tigacion  iom i e  
g t Pi  S n er  arce ona  are a o re ente  ere  i  or  i  it in t e rame or  o  t e 
ro ean Pro ect P S iagno i  o  in cancer ing o tic   PSP e ent  ca  or 

proposals 2013), the aim of which is developing a multiphotonic platform including hyperspectral 
an   tec ni e  oo  o  ana i  an  con oca  micro co  or in i o imaging o  in cancer 
lesions as a diagnosis service. These technologies are envisaged to improve the detection ratio and the 
e a ation o  t e rogno i  o  in cancer at ear ier tage  com are  it  t e con entiona  a roac
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ABSTRACT

S in cancer detection is currently carried out using visual inspection through the 
dermoscope. Later, histological examination with a surgical extraction of the lesion is 
required for a complete and precise diagnosis. n t i  study, a new handled too  a e  on a 
hyperspectral system is proposed a  a mean  o  o taining o ecti e co or an spectral 
information of the lesions to help in t e iagno i  o  in cancer. The system includes 
light-emitting io e   a  a ig t o rce a  e  a  a igita  camera  Preliminary 
image  ta en with the system and the corresponding results indicate the usefulness of the 

tem  e rotot e re ente  in t i  t  i  e integrate  in t e near t re in a 
multiphotonic platform, including also 3D images  oo  o  ana i  an  con oca  
microscopy, for in- i o imaging o  in cancer e ion  a  a iagno i  er ice.

1. INTRODUCTION

S in cancer re re ent  one in t ree o  a  cancer  or i e an  it  inci ence in ro e  
USA and Australia is increasing rapidly. The melanoma, which only represents  o  a  

in cancer  i the most aggressive one causing the greatest n m er o  eat  mina et 
al., 2011). o t  o  in cancer  are ca e   tra io et ig t rom a ig t or 
tanning oot  e or  ea t  rgani ation e timate  t at people die every year 
or n ig t e ce   rom me anoma an   rom anot er t e o  in cancer  
n t e ot er an  t e r i a  rate in  ear  rea  increa e  i  t e at o og  i  etecte  

and treated early. 

Nowadays, visual inspection through the dermoscope is the technique most widely used 
 ermato ogi t  or t e etection o  in cancer  t con i t  o  a an e  e ice it  a 

magni ing en  an  a ite an  ni orm i mination ie  e ig t i  o ten o ari e  to 
remove specular ref ection rom t e in r ace to o tain in ormation o  ee er a er  
Dermoscopy allows the specialists identifying different structures, patterns and colors of 
t e in e ion  gge ting i  t e  are enign ( e orr eic erato i  aemangioma  
lipomas, warts) or malignant (me anoma  a a  ce  carcinoma  i  i  con irme   a 
histological examination later on requiring a surgical extraction of the lesion, which is the 
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gold standard for clinicians. By means of this procedure, a lot of false positives are still 
o taine  an  t  t e irect ann a  co t  o  iagno i  an  treatment o  in cancer are ig
(Braun et al., 2005).

n or er to im ro e t e etection an  iagno i  o  in cancer, in the last years color and 
spectral imaging technology have started to e e  to en ance an  ana e color and 
spectral properties of in. They are ca e   chromophores c  a  me anin  emog o in  
water etc., ic  mig t i er among in e ion of different etiologies.

n t i  conte t  some prototypes such as those e e o e   S ig i  et a  e ina et a  
2012  a o a i a  et a  a o a i a  et a  , and also some commercial devices 
such as the S scope V system mer  et a  , a e a rea  een ro o e  as a 
means of improving in cancer iagno is. However, most of them only use three spectral 
an  in t e i i e range (typically three colour RGB channels) and additionally another 

one located at the near infrared range.

For the reasons e o e  a o e, in this study we propose a new handheld hyperspectral 
tem it  more ectra  an  or t e iagno i  o  in cancer  tr ing to im ro e t e 

re t  o taine  it  t e e i ting e ice . n t i  or  e re ent t e met o o og  carried 
out to et  an  c aracteri e t e o e tem  inc ing t e rotocol followed in order to 
e ect t e mo t ita e ectra  an  to etect in cancer e ion  rt ermore  t e ir t 

re t  corre on ing to rea  e ion  ana e  at a c inica  ite are a o re ente  i  or  
is within t e rame or  o  t e ro ean Pro ect P S iagno i  o  in 
cancer ing o tic   PSP e ent  ca  or ro o a  ), the aim of which is 
e e o ing a m ti otonic at orm inc ing er ectra  an   tec ni e  oo  

flow analysis and confocal microscopy for in-vi o imaging o  in cancer e ion  a  a 
diagnosis service (Ares et al., 2014). These technologies are envisaged to improve the 
etection ratio an  t e e a ation o  t e rogno i  o  in cancer at ear ier tage  

compared with the conventional approach used nowadays.

2. METHOD

2.1 System design and components

The system developed has a cylindrical shape o  a o t  cm in engt   cm o  i t  
and a weight o   g. t inc e a  it-depth monochromatic camera and an o ecti e 
lens, which allows recording in e ion  at  cm it  a  mm ie  o  ie as their
i e i  a  ma er

A ring light source including light-emitting io e   with different spectral 
emissions it in t e i i e an  near in rare  range (400 nm to 1000 nm) was designed to 
illuminate the sample. This illumination source was located onward of t e o ecti e en  to 
avoid t e ig t o  t e  reaching the sensor directly. e ectra  an  of the system 
were chosen according to t e ectra  ro ertie  an  a or tion ea of the in 
chromophores and also ta ing into acco nt mar et a ai a i it o  . n or er to o tain 
a uniform field of illumination on the sample and enough energy to acquire spectral images 
with low exposure time    ere ina  inc e  in t e light source.

oreo er  t o o ari er  a o  c anging t e egree o  o ari ation o  ig t an  t  
o taining in ormation rom i erent in e t  Specifically, the first o ari er i  ocate
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2.1 System design and components

The system developed has a cylindrical shape o  a o t  cm in engt   cm o  i t  
and a weight o   g. t inc e a  it-depth monochromatic camera and an o ecti e 
lens, which allows recording in e ion  at  cm it  a  mm ie  o  ie as their
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A ring light source including light-emitting io e   with different spectral 
emissions it in t e i i e an  near in rare  range (400 nm to 1000 nm) was designed to 
illuminate the sample. This illumination source was located onward of t e o ecti e en  to 
avoid t e ig t o  t e  reaching the sensor directly. e ectra  an  of the system 
were chosen according to t e ectra  ro ertie  an  a or tion ea of the in 
chromophores and also ta ing into acco nt mar et a ai a i it o  . n or er to o tain 
a uniform field of illumination on the sample and enough energy to acquire spectral images 
with low exposure time    ere ina  inc e  in t e light source.

oreo er  t o o ari er  a o  c anging t e egree o  o ari ation o  ig t an  t  
o taining in ormation rom i erent in e t  Specifically, the first o ari er i  ocate

in ront o  t e  an  t e second in ront o  t e o ecti e lens. Light po ari ation can e 
changed into 3 different positions: 0º - parallel o ari er , 45º an   - crossed o ari er  

The first prototype developed, which is a light, compact and ergonomic device to e 
used at a clinical site, is shown in Figure 1. e an e  er ectra  ea  can e ace  
on a a e et een mea rement  ma ing a  t e roce re com orta e or t e ician  

oreo er  t i  a e a  a o a toring nction a  t e o er  an  t e e ectronic 
oar  an  ot er art  o  t e system are placed inside. 

Figure 1: Different views of the handheld hyperspectral system.

Furthermore, t e a e a o incor orate  a ca i rate  am e re em ing t e light human 
in t at can e e tere  rom e terna  agent  i e t  o itioning it in t e in  an  

o t  o ition  ig re 2). This sample is used in t e re iminar  ca i ration o  t e tem 
t at i  one e er  a  e ore tarting mea rement  an  t at i  e a e  te  en 
computing spectral results from the images acquired (see next section).

Figure 2: View of the base of the handheld hyperspectral system with the calibrated 
sample in the “out” and “in” positions, respectively.

2.2 Software development

A specific software was developed for controlling all components of the system (camera 
an  allowing for its proper operation. The software or an  i er included 
autoexposure algorithms for adjusting the exposure time of each spectra  an ta ing into 
acco nt t e  emi ion level and also the t ica  re ectance an  a or tion properties
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of the in  t a o inc e  ec rit  contro  a oi ing  to e itc e  on i  t e 
program is not running. A user interface was also developed for its use at a clinical site. A
complete acquisition lasts 40 seconds approximately.

An additional software implemented in at a  was created to process all the images 
of the lesions  t inc e  ca i ration a gorit m  a  a mean  o  com ting reflectance
values, chromaticity coordinates, colour differences etc.  ic  mig t en ance t e 
i erence  et een enign an  ma ignant e ion  ena ing a etter iagno is.

3. RESULTS AND DISCUSSION

Figure 3 shows ectra  image  o taine  it  t e e e o e  tem corresponding to a 
common nevus lesion at different ectra  an  et een nm and 1000 nm, and 
i erent egree  o  o ari ation  it can e een  t e egree o  o ari ation allows 

removing the specular re ection o  t e in r ace  o taining information from deeper
a er   a ica  in t e ca e o  ort e  wavelengths. This is important as for 

instance, melanomas can grow deeper than other lesions.

Figure 3: Images of a benign lesion (common nevus) obtained with the system using 
different spectral bands and three degrees of polarization (0º, 45º, 90º).

Figure 4 shows the spectral reflectance curves computed from two different areas of a 
in am e: one corresponding to common in an  the other to a nevus. As it is shown 

the reflectance curves associated to each of them differ completely. As it was expected, 
nevus had lower reflectance values eca e it higher amount o  me anin a or  more 
light.
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Figure 4: Spectral reflectance of common skin (red area) and common nevus (blue area)

4. CONCLUSIONS

n t i  t  a first prototype of a handheld hyperspectral system with several spectral 
an in t e i i e an  near in rare  range  o  t e e ectromagnetic ectr m for improving 

t e iagno i  o  in cancer was presented. The developed system a o  o taining precise 
ectra  in ormation rom t e in e ion analysed with a high spatial resolution in a fast 

an  ea  a  e e o   as a light source ena ed to i  a tem with reduced
i e an cost. 

rrent or  is focused on the ac i ition o  image  rom a great ariet  o  in e ion
in a c inica  en ironment  inc ing enign an  ma ignant e ion (Hospital Clínic i 
Provincial de Barcelona, Spain), as well as the development of algorithms to o tain more 
re ia e an  o ecti e iagno i  e ing ermato ogi t  in t eir ai  c inica  ractice. S in 
e ion  can e genera  categori e  accor ing it  t eir c inica  re entation  ta ing into 

acco nt i erent ea i  recogni a e a ect  inc uding from shape to colour. Therefore, it 
i  e ecte  t at t i  a t one i  e a e  in t e iagno tic roce re a  ectra  
re ectance ro i e  o taine  it  t e ne  tem i  e re ate  it  t e e ion etio og
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MCS2-2

m irical Di a anta e  or Color Deficient eo le
o c a S 1 and ar P1

1 e or egian o o r an  i a  om ting a orator  i  ni er it  o ege

ABSTRACT
ric romatic co or i ion  i e  co or i ion t at i  a e  on t ree i tinct i erent t e  o  

oto en iti e rece tor  on t e retina o  t e e e  e o e  in man  eca e it ro i e  certain 
e a iora  a antage a  c rrent re earc  gge t  an  cienti t em a i e t at co or e ecia  

ort  attentiona  mec ani m  o ect recognition an  mig t o i  aci itate etection o  
emotion  in man ace  o or eficient eo e  i e  anoma o  tric romat  an  ic romat  ercei e 
in ee  e  co or  t an t e ma orit  o  tric romatic man  t t e  a e a co or erce tion t at i  
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e am e en ic ing errie  etermining et er a tea  i  ra  or e one etc  an  e ecia  
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re on e time  an  acc racie  or ta  in o ing t e attentiona  mec ani m o  norma  ig te   
co or eficient o er er  an  co or  e o n  o t t at co or eficient o er er  a e in ee  a ig t 
e a iora  i a antage e ore norma  o er er
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ABSTRACT 

Trichromatic color vision in humans evolved most likely because it provides behavioral 
advantages in assisting attentional mechanisms, object recognition and, possibly, also 
detection of emotion states in other humans. Behavioral experiments, namely visual search 
and object recognition experiments, with normal-sighted observers have shown to support 
these hypotheses. We argue that the same types of experiments can be used to show that 
trichromacy does indeed give a behavioral, empirical measureable advantage before 
dichromacy or anomalous trichromacy by comparing behavioral responses of normal-
sighted observers to color-deficient observers. More precisely, we suggest the use of visual 
search experiments to measure attentional responses, sample-to-match and object 
recognition tasks to measure objection recognition, and emotion detection to measure 
emotional responses. We furthermore implemented a visual search task to measure the 
performance of the attentional mechanism that showed that for the given experiment 
normal-sighted observers do indeed have an advantage over color-deficient observers. 

1. INTRODUCTION 

Trichromatic vision is based on the response of photosensitive receptors on the retina of 
the human eye, so-called cones, with sensibilities to light of different wavelengths. Color-
deficient people typically have either reduced sensibility for one of the cones or lacking 
one of the cones altogether. Consequently, this will lead to a decreased ability of 
distinguishing certain colors. Color-deficient people truly encounter certain problems in 
daily life both in natural settings – for example when picking berries, determining whether 
a steak is raw or well-done etc–, and especially in social settings where color coding is 
heavily used in communication – for example when reading geographic and public 
transportation maps. More severely, they are excluded from certain professions that rely 
heavily on different colored signals, like pilots, train conductors etc. However, behavioral 
disadvantages of color-deficient people in natural and social settings is still only 
marginally researched. More specifically, two main questions remain: What is the 
behavioral advantage of trichromatic color vision in comparison to dichromatic color 
vision? And are there measurable behavioral differences between normal-sighted and 
color-deficient observers?  

Studies suggest that color influences behavioral responses in the field of attention, object 
recognition, and interpretation of emotional states. Firstly, Treisman and Gelade (1980) 
proposed the feature-integration theory of attention stating that visual attention can be split 
up in a pre-attentive early state and a later stage. Color is used especially in the first stage 
to make elements “pop out” depending on their color contrast. Secondly, Bramão et al. 
(2012) suggested that colors helps to support object recognition at different states of visual 
processing. Thirdly, Changizi, Zhang, and Shimojo (2006) suggested that trichromatic 
color vision is used to better discriminate changes in skin spectra that arise to signal 
emotions, for example in socio-sexual contexts, and/or may indicate danger. 

The previously mentioned research have in common that the hypotheses have been tested 
only on normal-sighted observers using both colored and black-and-white images showing 
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that normal-sighted observers react faster and more accurate to colored than to black-and-
white images. In this paper, we argue firstly that the same methodologies can be used to 
measure empirical differences between normal-sighted and color-deficient observers 
supporting the hypothesis that trichromatic color vision manifests an evolutionary 
advantage for attentional mechanism, object recognition and emotion detection over 
dichromatic or anomalous trichromatic vision. More precisely, we suggest the use of 
behavioral experiments involving visual search, object recognition, object identification, 
object class identification and emotion detection tasks for colored images to empirically 
measure disadvantages and advantages of color-deficient observers over normal-sighted 
observers. Secondly, we implemented a visual search experiment – the Visual Search 
Daltonization Evaluation Method  (ViSDEM) – that is used to compare response times and 
accuracies for tasks involving the attentional mechanism of normal-sighted and color-
deficient observers. We found out that color-deficient observers have indeed a slight 
behavioral disadvantage over normal-sighted observers.  

2. BACKGROUND AND METHODOLOGY 
Behavioral responses related to attention of trichromats, further called normal-sighted 
observers, and anomalous trichromats or dichromats, further called color-deficient 
observers, can be measured by visual search experiments as introduced by Treisman and 
Gelade (1980). In the basic implementations, the observer has to identify a target stimulus, 
like a symbol, object etc., among a number of distractors that differ in size, shape, color 
etc. In another experimentation design that we proposed (Simon-Liedtke, Farup and Laeng 
2015), the observer is shown different natural images and a question/task related to the 
content of the image. The observer is then asked to answer as fast and as accurate as 
possible for each picture. For both experiments, response times (RTs) and accuracies 
(ACCs) of the answers are recorded, and analyzed by comparing RTs and ACCs of 
normal-sighted and color-deficient observers. We assume that according to our previously 
discussed hypothesis the normal-sighted observers will be able to respond faster and more 
accurately than the group of color-deficient observers. 

Bramão et al. (2012) identified several object recognition experiments to access 
performance of color vision on object recognition. Images of different objects are shown to 
the observers, and the participant are asked to answer to certain questions. In the object 
verification task the observer has to state whether an object or a non-object is shown, in the 
category verification task the observer has to state whether the object is natural or artificial, 
and in the name verification task the observer has to state the correct name of the object. 
RTs of each observation were recorded and analyzed. We suggest implementing the same 
setup to compare performances of normal-sighted and color-deficient observers. Namely, 
we suggest the use of the object verification task, the category verification task, and the 
name verification tasks with colored objects, for which the RTs and ACCs are recorded. If 
our hypothesis about trichromatic vision is true, we assume that normal-sighted observers 
will be able to identify objects faster and more accurately than color-deficient observers. 

The analysis of emotion detection through skin identification has to-date not yet been 
conducted. Thus, we propose an emotion detection experiment similar to the one that 
Adolphs et al. (2000) conducted based on the experiments to evaluate the universality of 
facial expressions proposed by Ekman (1999). Images of people imitating different facial 
expressions are shown to participants that are asked to name the emotional state that the 
expressions are meant to represent. Since the influence of emotion detection has to yet 
been analyzed to-date, the experimentation has to be conducted in two stages. In the first 
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stage, normal-sighted and color-deficient observers are shown different images of facial 
expressions both colored and grayscale from males and females belonging to different 
emotion categories. In the second stage, only colored images are presented to both normal-
sighted and color-deficient observers. For both stages we record the RTs and ACCs of the 
observations. If color vision in general and trichromatic color vision in particular facilitates 
emotion detection as expected, we expect, firstly, that observers in both groups will react 
faster and more accurate for the colored images than for the grayscale images, and, 
secondly, that for colored images normal-sighted observers will react faster and more 
accurate than color-deficient observers. 

3. IMPLEMENTATION 

To-date, we implemented a visual search experiment to analyze influence of color on 
attentional mechanism for normal-sighted and color-deficient observers: The method is 
originally designed to evaluate daltonization methods, and is called Visual Search 
Daltonization Evaluation Method (Simon-Liedtke, Farup and Laeng 2015). Fortunately, 
the results can also be interpreted in order to support for the previously discussed 
hypothesis that normal-sighted observers have a slight empirical measurable advantage to 
color-deficient observers. In our experiment, the observer looks at a range of images, for 
each of which we define certain tasks. The task consists of a statement, which the observer 
has to agree, respectively disagree to. The statement is connected to colors of objects, 
people etc. in the image like for example “The feather in the image has the same color hue 
as the background.” or “There is green powder in the image.” We conducted the 
experiment with 23 observers, of which 10 were normal-sighted and 13 deutan color-
deficient, and we used 7 different sets of images. For more details on the implementation, 
please check our previous paper (Simon-Liedtke, Farup and Laeng 2015). We analyzed the 
confidence interval of the ACCs for both observer groups, and compared the medians of 
RTs for both groups according to a Mood’s median test. 

4. RESULTS AND DISCUSSION 

Figure 1 shows both RTs and ACCs of both normal-sighted and color-deficient observers. 
The median RT for the group of normal-sighted group is much lower than for the group of 
color-deficient observers. A Mood’s median test revealed a p-value of 4 ⋅ 10!! indicating 
that the medians of both populations are indeed significant different. The confidence 
interval (CI) of the ACCs for the group of normal-sighted observers is much higher than 
the CI of the ACCs for the group of color-deficient observers. Both observations agree 
with the assumptions we made prior to the experiment, namely that color-deficient people 
react less accurate and slower than normal-sighted observers. In other words, the results 
indicate that color-deficient people do indeed have behavioral disadvantages connected to 
their attentional system, and that these differences are indeed measureable with our 
proposed methodology based on visual search tasks. 

5. CONCLUSIONS 

We proposed a range of behavioral experiments through visual search, object identification 
and emotion detection tasks in order to test the hypothesis that trichromatic color vision 
provides evolutionary advantage for attention, object recognition and emotion detection. 
We suggest that color-deficient observers will respond slower, and less accurate to these 
tasks when compared to normal-sighted observers. Furthermore, we implemented a visual 

 

 

that normal-sighted observers react faster and more accurate to colored than to black-and-
white images. In this paper, we argue firstly that the same methodologies can be used to 
measure empirical differences between normal-sighted and color-deficient observers 
supporting the hypothesis that trichromatic color vision manifests an evolutionary 
advantage for attentional mechanism, object recognition and emotion detection over 
dichromatic or anomalous trichromatic vision. More precisely, we suggest the use of 
behavioral experiments involving visual search, object recognition, object identification, 
object class identification and emotion detection tasks for colored images to empirically 
measure disadvantages and advantages of color-deficient observers over normal-sighted 
observers. Secondly, we implemented a visual search experiment – the Visual Search 
Daltonization Evaluation Method  (ViSDEM) – that is used to compare response times and 
accuracies for tasks involving the attentional mechanism of normal-sighted and color-
deficient observers. We found out that color-deficient observers have indeed a slight 
behavioral disadvantage over normal-sighted observers.  

2. BACKGROUND AND METHODOLOGY 
Behavioral responses related to attention of trichromats, further called normal-sighted 
observers, and anomalous trichromats or dichromats, further called color-deficient 
observers, can be measured by visual search experiments as introduced by Treisman and 
Gelade (1980). In the basic implementations, the observer has to identify a target stimulus, 
like a symbol, object etc., among a number of distractors that differ in size, shape, color 
etc. In another experimentation design that we proposed (Simon-Liedtke, Farup and Laeng 
2015), the observer is shown different natural images and a question/task related to the 
content of the image. The observer is then asked to answer as fast and as accurate as 
possible for each picture. For both experiments, response times (RTs) and accuracies 
(ACCs) of the answers are recorded, and analyzed by comparing RTs and ACCs of 
normal-sighted and color-deficient observers. We assume that according to our previously 
discussed hypothesis the normal-sighted observers will be able to respond faster and more 
accurately than the group of color-deficient observers. 

Bramão et al. (2012) identified several object recognition experiments to access 
performance of color vision on object recognition. Images of different objects are shown to 
the observers, and the participant are asked to answer to certain questions. In the object 
verification task the observer has to state whether an object or a non-object is shown, in the 
category verification task the observer has to state whether the object is natural or artificial, 
and in the name verification task the observer has to state the correct name of the object. 
RTs of each observation were recorded and analyzed. We suggest implementing the same 
setup to compare performances of normal-sighted and color-deficient observers. Namely, 
we suggest the use of the object verification task, the category verification task, and the 
name verification tasks with colored objects, for which the RTs and ACCs are recorded. If 
our hypothesis about trichromatic vision is true, we assume that normal-sighted observers 
will be able to identify objects faster and more accurately than color-deficient observers. 

The analysis of emotion detection through skin identification has to-date not yet been 
conducted. Thus, we propose an emotion detection experiment similar to the one that 
Adolphs et al. (2000) conducted based on the experiments to evaluate the universality of 
facial expressions proposed by Ekman (1999). Images of people imitating different facial 
expressions are shown to participants that are asked to name the emotional state that the 
expressions are meant to represent. Since the influence of emotion detection has to yet 
been analyzed to-date, the experimentation has to be conducted in two stages. In the first 
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search experiment that shows that deutan color-deficient observers do indeed react slower 
and less accurate than color-deficient observers in a visual search experiment measuring 
attentional reactions. 

 
Figure 1: Accuracies (ACCs) and response times (RTs) of the visual search experiment for 
normal-sighted and deutan color-deficient observers indicating that color-deficient people 
do indeed react less fast and less accurate than normal-sighted observers. The median RTs 

of both groups are significant different according to the Mood median test. 
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S ectral e ectance eco ery in  at ral ei or Inter olation 
with Band-divided Linear Correction

ren   an  Tsung-Chieh SUN
e t  o  ra ic rt an  omm nication  ationa  ai an orma  ni  ai an  

ABSTRACT
n t i  a er  e ro o e  an acc rate reco er  met o  o  o ect ectra  re ectance ing t e 

tra itiona  nat ra  neig or inter o ation  ort  name  a   it  an i i e  inear correction  
entia  c  a reco er  ro em a  a  to tran orm t e  c anne  a e  into a ectr m 

to im ate t e re ectance o  an o ect  ere ere man  re io  re earc e  o ering ario  
o tion  to t i  ro em it  more or e  a antage  an  ra ac  r or  im ro e  t e 

reco er  re t a e  on t e inter o ation a roac  it  rt er correction o  ectra  re ectance  i  
ne  o tion ro o e  not on  gi e  more acc rate re t  t a o a oi  t e e tra o ation ro em 
ca ing  t e enomena o t o  gam t

r met o  con i t  o  t o tage  o  reco er  roce re  ir t  t e  inter o ation a  
e  to con tr ct t e ectra  re ectance rom t e rea  am e  o  co or c ec er  ig t a itiona  

pre-determined spectra were imposed for the corners of the sRGB color space, named virtual extreme 
ectra  to g arantee a  t e te t am e  in t e gam t anne   t e no n am e  c  t at  t e 

inter o ating c eme or e  e  it o t t e e tra o ation ro em  Secon  t e ectra re ting 
rom  ere rt er fine t ne  accor ing to t e i erence et een it   co or n er i minant 

of D65 and the original input one of ground true. Three pre-specified wave lengths, denoted S, M, 
an   ere e ecte  a  t e contro  oint  to correct t i   ectr m a roac ing to a ne  one it  
less color difference. This correction was composed of 4 piecewise linear transformations related to 4 
an  rom nm to S  rom S to  rom  to  an  rom  to nm re ecti e

Some e eriment  ere er orme  to e a ate t e er ormance o  t e ne   it  t e irt a  
e treme ectra an  t e a itiona  correction tage  t fir t  t e  c ec er ectra rom n e  

oo  a  e  a  t e te t am e  n er t e training am e  rom ac et   co or c ec er  e 
arge t co or i erence o  e ta  a   a e  on t e i minant o   an  t e a erage 
i erence a   n  t e co or i erence  ere rt er im ro e  i  t e an i i e  correction 
a  a o te  en  t e arge t e ta  a   an  t e a erage i erence a   n 

a ition  t e entire gam t o   a  a o e a ate  e ectra reco ere  rom t e ecifie   
c anne  a e  ea  to t e arge t co or i erence a   an  t e a erage one a   n er 
t e i minant o   a e  on t e training am e  o  ac et  co or c ec er  e arge t i erence 

a   an  t e a erage one a   a e  on t e training am e  o  n e  oo  c ec er  
These experimental results showed that the proposed method was very accurate for the recovery of 

ectra  re ectance

Spectral reflectance recovery using natural neighbor 
interpolation with band-divided linear correction

ren-Ru Chou* and Tsung-Chieh Sun,
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ABSTRACT
n t i  a er  e ro o e  an acc rate reco er  met o  o  o ect ectra  re ectance ing 

t e tra itiona  nat ra  neig or inter o ation  ort  name  a   it  an -divided 
inear correction  r met o  con i t  o  t o tage  o  reco er  roce re  ir t  t e  

interpolation was used to construct the spectral reflectance from the real samples of color 
c ec er  Secon  t e ectra re ting rom  ere rt er ine-tuned according to 
t e i erence et een it   co or n er i minant o  65 and the original input one of 
ground true. Some experiments were performed to evaluate the performance of the 
proposed method. T e  c ec er ectra rom n e  oo  a  e  a  t e te t 
am e  n er t e training am e  rom ac et   co or c ec er  The largest color 

difference a   an  t e a erage one a   The experimental results showed 
that the proposed method was very accurate for the recovery of spectral reflectance.

1. INTRODUCTION
T e r o e o  t i  t  i  to o tain a reci e e timation o  t e ectral reflectance.

entia  c  a reco er  ro em a  a  to tran orm t e  c anne  a e  
into a ectr m to im ate t e re ectance o  an o ect There were many re io  or  
for the reconstruction of spectral reflectance, for instance, principle component analysis 
(PCA) (Fairman and Brill 2004), PCA modification (Lee et al. 2012), interpolation ( e
et al. , c  a  ri  met o ( im et al. 2012), ot er  i e regre ion ana i  
(Harifi et al. 2008) (Amiri et al. 2014) or ased on metamerism (Chou and Lin 2012).

PCA is a classical method for the reconstruction of spectral reflectances with good 
performance  t the value of estimation is out of the range from 0 to 1. This unnaturalness 
phenomenon may lead to an unexpected result during the reconstruction. n t e ot er 
hand, the interpolation may e ta i more natural results (Amidror 2002)  t co  er 
from the extrapolation for the scatter data, such as the samples o  co or c ec er . Further 
studies were needed to solve these shortcomings.

This paper proposed a new interpolation method with much more accuracy. T e  
was t e a ic recon tr ction mo e  ig t a itiona  re-determined spectra were imposed 
for the corners of the sRGB color space to guarantee all the test samples in the gamut 

anne   t e no n am e  And then, the traditional  ere rt er ine-tuned 
according to the color difference under the illuminant of D65. Three pre-specified 
wavelengths, denoted S, M, and L, were selected as the control points to adjust the spectral 
curve toward the correct direction.

The reminder of this paper is divided into three sections. Section 2 is our method in full 
details. Section 3 is our experiment results and discussion. Finally, the conclusions are 
drawn in Section 4.
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2. METHOD
The method consists of two stages of the reco er  roce re  ir t  t e  inter o ation 

a  e  to con tr ct t e ectra  re ectance rom t e rea  am e  o  co or c ec er  
ig t a itiona  re-determined spectra were imposed for the corners of the sRGB color

space, named virtual extreme spectra, to guarantee all the test samples in the gamut 
anne   t e no n am e (Figure 1).

Red  Green  Blue  Cyan

Magenta ellow B ac White

Figure 1: Eight additional pre-determined spectra

2.1 Method of natural neighbor interpolation
The natural neig or inter o ation e e o e   o in Si on i  a e  on oronoi 
te e ation o  a i crete et o  atia  oint  n t i method, the scattered points are used 
to form many tetrahedra in 3D space, and an interpolation model is performed within each 
tetrahedron (Amidror 2002). For example, we simulated a color x in the sRGB space to get 
the spectral reflectance. The x1, x2, and x3 in Figure 2 are the data of training samples 
with their RGB values are (255, 30, 30), (210, 150, 110), and (254, 200, 100), respectively.
The color point x i  e interpolated to the right place according to the RGB values as 
shown in Figure 2. The following diagram illustrates that the new Voronoi polygon is 
e arate  rom t e o gon orme   t e neig or co or  and x3. Then, the

interpolating weight of x a ecte  rom eac  neig or oint can e etermine  accor ing to 
the proportion of the partition volumes.

Figure 2: The interpolating model of NNI
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2.2 Band-divided linear correction model
T e ectra re ting rom  ere rt er ine-tuned according to the difference 
et een it sRGB color under illuminant of D65 and the original input one of ground true. 

Three pre-specified wave lengths, denoted S, M, and L, were selected as the control points
to correct t i   ectr m a roac ing to a ne one with less color difference. The x-
axis values of three control points are nm  nm an  nm  e ecte  the nearest
dominant wavelength of e  green an  re  in the sRGB gamut (Bergquist 2012). This 
correction was composed of 4 piecewise linear transformation  re ate  to  an  rom 

nm to S  rom S to  rom  to  an  rom  to nm re ectively as shown in 
Figure 3. e can get more acc rate ectr m  o ing t e matrix as following equation 
(1). ation  o  it  e an ion o  t e matri  orm.

= (1)

Figure 3: The L, M, and S control points

R = c1 * hs  c   hm  c   hl

G = c4 * hs c5 * hm  c   hl (2)

  c   hs  c   hm  c   hl

Figure 4 Changes of spectral curve after pulling the L, M and S control points

ig re  i trate  an e am e o  t e an -divided linear correction. Firstly, assuming 
the original spectrum is flat with its reflectance of 0.5, the control point L is pulled up of 

hl. The hl will lead to t e inear tran ormation o  t e ectr m  enote   t e re  ine  
ring ot  an  rom  to  an  rom  to  it  t e change of R a o t .

2. METHOD
The method consists of two stages of the reco er  roce re  ir t  t e  inter o ation 

a  e  to con tr ct t e ectra  re ectance rom t e rea  am e  o  co or c ec er  
ig t a itiona  re-determined spectra were imposed for the corners of the sRGB color

space, named virtual extreme spectra, to guarantee all the test samples in the gamut 
anne   t e no n am e (Figure 1).

Red  Green  Blue  Cyan

Magenta ellow B ac White
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2.1 Method of natural neighbor interpolation
The natural neig or inter o ation e e o e   o in Si on i  a e  on oronoi 
te e ation o  a i crete et o  atia  oint  n t i method, the scattered points are used 
to form many tetrahedra in 3D space, and an interpolation model is performed within each 
tetrahedron (Amidror 2002). For example, we simulated a color x in the sRGB space to get 
the spectral reflectance. The x1, x2, and x3 in Figure 2 are the data of training samples 
with their RGB values are (255, 30, 30), (210, 150, 110), and (254, 200, 100), respectively.
The color point x i  e interpolated to the right place according to the RGB values as 
shown in Figure 2. The following diagram illustrates that the new Voronoi polygon is 
e arate  rom t e o gon orme   t e neig or co or  and x3. Then, the

interpolating weight of x a ecte  rom eac  neig or oint can e etermine  accor ing to 
the proportion of the partition volumes.

Figure 2: The interpolating model of NNI
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e contro  oint  o   an  S e a e in the same manner  an  are enote   t e green 
an  e ine  in ig re  re ecti e

The following presents the formulas for the correction of the spectra due to the changes 
of hl, hm, and hs  e a e engt  i  re re ente   t e i crete orm of 61 values from 

nm to nm with the interval of 5nm  e inear correction i  orme    connecte  
an  rom nm to S  rom S to  rom  to  an  rom  to nm

1. the x-axis value of point (x, p) is in the range et een x-axis value of 400nm and S,
the coordinate (x, p’) on the spectral curve is calculate   equation (3) from the 
original one (x, p). XS – X400 means the separating distance et een the control point S
and (400nm, 1.0), that is, the point of the highest reflectance at 400nm.

(3)

2.  t e -axis value of point (x, p) is in the range et een x-axis value of S and M, the 
coordinate (x, p’) on the spectral curve is calculate   e ation  rom t e origina  
one (x, p). XM – XS means the separating distance et een t e contro  oint S an  

(4)

3.  t e -axis value of point (x, p) is in the range et een x-axis value of M and L, the 
coordinate (x, p’) on the spectral curve is calculate   e ation  rom t e origina  
one (x, p). XL – XM means the separating distance et een t e contro  oint  an  

(5)

4.  t e -axis value of point (x, p) is in the range et een x-a i  a e o   an  nm,
the coordinate (x, p’) on the spectral curve is calculate   e ation  rom t e 
original one (x, p). X – XL means the separating distance et een t e contro  oint L
and ( 00nm, 1.0), that is, the point of the highest reflectance at 00nm.

(6)

2.3 Sample Preparation and Experimental Procedure
The simulating system was implemented in MATLAB® R2012 with Multi-Parametric 

oo o . The dataset consisting of  ectra of Munsell oo and 24 color samples of 
ac et  co or c ec ers with 8 sRGB extreme spectra were used in our experiments. All 

the reflectance data were fi e  et een  an nm o  t e inter a  o  nm. The result 
of recovery spectra was evaluate  2000 color difference formula under illuminants D65

or  tan ar  o er er Figure 5 shows the experimental scheme.

Figure 5: Flowchart of the experimental scheme
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3. RESULTS AND DISCUSSION
Three experiments were performed to evaluate the performance o  t e ne   it  eight 
pre-defined ectra an  t e a itiona  correction tage  t ir t  t e  c ec er ectra 
rom n e  oo  a  e  a  t e te t am e  n er t e training am e  rom ac et  

 co or c ec ers. The largest color difference of 2000 a   a e  on t e 
illuminant of D65  an  t e a erage i erence a   n  t e co or i erence  ere 

rt er im ro e  i  t e an -divided correction was adopted. Then, the largest 2000 was 
 an  t e a erage i erence a  26  n a ition  t e entire gam t o   a  

also evaluated. The spectra recovered from the specified RGB channel values lead to the 
arge t co or i erence a   an  t e a erage one a   n er t e i minant o  

D65  a e  on t e training am e  o  ac et  co or c ec er  e arge t i erence a  
 an  t e a erage one a   a e  on t e training am e  o  n e  oo  

c ec er  e e e erimenta  re t  o e  t at t e ro o e  met o  a  er  acc rate 
for the recovery of spectral reflectance.

4. CONCLUSIONS
n t i  a er  e ro o e  a ne  met o  to recon tr ct t e ectra  re ectance o  o ect  

This new solution proposed not only gives more accurate results, t a o a oi  the 
e tra o ation ro em ca ing  t e phenomena out of gamut. t i  ort  mentioning that 
our reconstructed reflectance ranges from 0 to 1, and it matches the phenomenon in the 
natural world. The method we proposed is successful to prevent the situation of improper 
data. Finally, the estimated spectral reflectance could e ite e  in ario  ie  o  
color research, such as spectral camera designing, automatic ite a ancing, and digital
lighting, etc.

REFERENCES
mi ror  . 2002. Scattered data interpolation methods for electronic imaging systems: A 

survey. Journal of Electronic Imaging, 11(2): –  oi  

e   mir a i  S and e  . Reconstruction of reflectance data 
using an interpolation technique. Journal of the Optical Society of America A, 26(3):
613-  oi  S

Amiri, M.M. and Amirshahi, S.H.   ri  o  eig te  regre ion an  inear 
models for extraction of reflectance spectra rom  tri tim  a e . Optical 
Review, 21(6): 816-825.

Bergquist, .  i a  it  ar itrar  rimar  ectra SID Symposium Digest of 
Technical Papers, 39(1): - doi:

Chou, T.R. and Lin,  tima  e timation o  ectra  re ectance a e  on 
metamerism. n Proceeding of SPIE-IS&T Electronic Imaging 2012   -

-  oi  

Fairman, H.S. and Brill, M.H. 2004. The principal components of reflectances. Color 
Research and Application, 29(2): 104–110. doi: 10.1002/col.10230

e contro  oint  o   an  S e a e in the same manner  an  are enote   t e green 
an  e ine  in ig re  re ecti e

The following presents the formulas for the correction of the spectra due to the changes 
of hl, hm, and hs  e a e engt  i  re re ente   t e i crete orm of 61 values from 

nm to nm with the interval of 5nm  e inear correction i  orme    connecte  
an  rom nm to S  rom S to  rom  to  an  rom  to nm

1. the x-axis value of point (x, p) is in the range et een x-axis value of 400nm and S,
the coordinate (x, p’) on the spectral curve is calculate   equation (3) from the 
original one (x, p). XS – X400 means the separating distance et een the control point S
and (400nm, 1.0), that is, the point of the highest reflectance at 400nm.

(3)

2.  t e -axis value of point (x, p) is in the range et een x-axis value of S and M, the 
coordinate (x, p’) on the spectral curve is calculate   e ation  rom t e origina  
one (x, p). XM – XS means the separating distance et een t e contro  oint S an  

(4)

3.  t e -axis value of point (x, p) is in the range et een x-axis value of M and L, the 
coordinate (x, p’) on the spectral curve is calculate   e ation  rom t e origina  
one (x, p). XL – XM means the separating distance et een t e contro  oint  an  

(5)

4.  t e -axis value of point (x, p) is in the range et een x-a i  a e o   an  nm,
the coordinate (x, p’) on the spectral curve is calculate   e ation  rom t e 
original one (x, p). X – XL means the separating distance et een t e contro  oint L
and ( 00nm, 1.0), that is, the point of the highest reflectance at 00nm.

(6)

2.3 Sample Preparation and Experimental Procedure
The simulating system was implemented in MATLAB® R2012 with Multi-Parametric 

oo o . The dataset consisting of  ectra of Munsell oo and 24 color samples of 
ac et  co or c ec ers with 8 sRGB extreme spectra were used in our experiments. All 

the reflectance data were fi e  et een  an nm o  t e inter a  o  nm. The result 
of recovery spectra was evaluate  2000 color difference formula under illuminants D65

or  tan ar  o er er Figure 5 shows the experimental scheme.

Figure 5: Flowchart of the experimental scheme

399
AIC2015 TOKYO - Color and Image



Harifi, T., Amirshahi, S.H. and Agahian, F. 2008. Recovery of reflectance spectra from 
co orimetric ata ing rinci a  com onent ana i  em e e  regre ion tec ni e.
Optical Review, 15(6): 302-  oi  -008- -1

ee   Par     and Par  . 2012. Fast model- a e  m ti ectra  imaging 
using nonnegative principal component analysis. Optics Letters, 37(11): -

im   an  and Par  S 2012. Spectral reflectivity recovery from the tristimulus 
a e  ing a ri  met o . Journal of the Optical Society of America A, 29(12):

2612-  oi  S

n e  o or Science a orator   Useful Color Data. ai a e on ine  
http://www.rit.edu/cos/colorscience/resources.php  cce e  ct  

ni er it  o  oen  o or ro n  S ectra  ata a e ai a e on ine  
https://www.uef.fi/fi/spectral/spectral- ata a e  cce e  ct  

Address: Prof. Tzren-Ru Chou, Department of Graphic Art and Communications,
National Taiwan Normal University, No.162, Sec. 1, Heping East Road., Taipei, Taiwan

E-mails: trchou@ntnu.edu.tw,

The research grant of the project is being sponsored by the Ministry of Science and 
Technology, R.O.C. (103-2221-E-003-012-)

400
AIC2015 TOKYO - Color and Image



MCS2-4

Evaluation of Gastrointestinal Tissue Oxygen Saturation using LEDs 
and a Photo Detector

o ita a 1 a a i S 2 o i 3 iro i S 3 iro i  2 
and i ea i S  2

1 ra ate Sc oo  o  ngineering  i a ni er it
2 enter or rontier e ica  ngineering  i a ni er it

3 e art re o  n ormation an  om ter ngineering  i ara  ationa  o age o  ec no og

ABSTRACT
n t e recon tr cti e an  re ection rger  o  o o  organ  c  a  t e ma  inte tine  

etermination o  t e ia i it  i  er  im ortant  or e am e  in a totran antation  a ea t  
gastrointestinal part of the patient’s own organ is resected and used to reconstruct the diseased 
ga trointe tina  art  e rgeon m t e ect a ea t  art a e  on e erience e ore re ection an  
c ec  t e ia i it  o  t e recon tr cte  organ a  e   ma or criterion to i criminate t e tat  o  
ea t  or n ea t  i  to c ec  t e o gen  e o gen  i  etermine   t e amo nt 

o  o gen in oo  an  i erence  o  t at amo nt are re ecte  in t e organ co or  i  etermination 
a  een er orme   t e rgeon  i a  in ection  o e er  ince t e i erence o  co or et een 

a ea t  organ an  a oor organ i  er  ig t  t e i a  in ection or c ec ing ga trointe tina  
ia i it  i  ecti e an  ig  e en ing on t e rgeon  en e an  e erience  or t i  rea on  
antification o  ga trointe tina  ia i it  e ecia  o gen at ration  i  nee e  

n S  e re ente  a met o  or e timating t e ti e o gen at ration St 2) of 
ga trointe tina  organ  near in rare   region ectro co  e er orme  anima  e eriment  
an  o taine  cce  e timation re t  o e er  a  et  or mea rement i  not ita e 
or c inica  e  n t i  a er  e ro o e a i erent met o  ing ome  in  region an  a 

oto etector  e etermine an organ a or ance mo e  e ation a e  on t e eer  am ert a  
an  e timate St 2  o e er  t e a or tion coe icient  o  ti e  in organ are n no n  ir t  e 
a  t e non negati e matri  actori ation  met o  to t e organ a or ance ata ac ire  
in a ance to retrie e t e a or tion coe ficient  o  eac  ti e  rt ermore  e re efine t e mean 
a or tion coe ficient t at i  ita e or emi ion c aracteri tic  o  t e  to correct t e error e 
to t e  emi ion an i t  ing ac ire  mean a or ance coe ficient  e etermine t e organ 
a or ance mo e  e ation a e  on t e eer am ert a  en e e timate concentration  o  organ 
ti e  an  ca c ate St 2  t e ratio o  o gen emog o in concentration an  e o gen emog o in 
concentration.

ing tran mittance ectra o taine  in t e re io  e eriment  e im ate  t e er ormance 
o  t e ro o e  met o  an  o n  t at goo  e timation re t  imi ar to t e ectra a e  met o  

i  e o taine   t e ro o e  met o  rrent  e are e igning an o tica  com ination o   
an  ma ing a rotot e o  t e e ice  e i  re ent ome e erimenta  re t  ing t at com act 
device in the conference.

 

 

Evaluation of gastrointestinal tissue oxygen saturation 
 using LEDs and a photo detector 
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ABSTRACT 

Accurate diagnosis of ga trointe tina  ia i it  in t e recon tr cti e an  re ection surgery 
is strongly required to avoid ana tomotic ea  ea i ation o  quantification of 
ga trointe tina  ia i it  i  rea  e ira e  n t i  a er  e ro o e a met o  or 
e timating t e ti e o gen at ration St 2) o  ga trointe tina  organ ing ome  in 

 region an  a oto etector  e etermine an organ a or ance mo e  e ation a e  
on the Beer- am ert a  an  e timate St 2  o e er  t e a or tion coe icient  o  
tissues in organs are n no n  ir t  e a  t e nonnegati e matri  actori ation to t e 
organ a or ance ata o taine  in a ance to retrie e t e a or tion coe icient  o  eac  
tissue. Furthermore, we define the an - a e  a or tion coe icients that are ita e or 
emission characteri tic  o  t e  to correct t e error e to t e  an i t  ing 
t e an - a e  a or ance coe icient  e re-defined t e organ a or ance mo e  
equation. Then we estimate concentrations of organ tissues and calcu ate St 2  t e ratio 
of oxygenated emog o in concentration an  e-oxygenated emog o in concentration  

ing tran mittance ectra o taine  in animal experiments, we simulated the performance 
of the proposed method and found that good estimation results i  e o taine . 

1. INTRODUCTION 

na tomotic ea  ea  to ro ongation o  o ita i ation an  increa es postoperative 
mor i it  re ting in t e increa e o  atient r en   correct etermination o  
ga trointe tina  ia i ity at the time of anastomosis is very important. The determination is 
er orme   i a  in ection o  rgeon no  (Murai et al, 2013). However, the criterion 

of determination is neither quantified nor unified. Therefore, a quantitative method for 
ia i it  etermination of intraoperative organ is required ( r ana ici  et a  ). 

As one of the quantification methods or organ ia i it  etermination  e o imeter is 
prevalent (La Hei et al, 2001). t can mea re t e o gen at ration in arter  oo  The 
measured value is sometimes expressed as Sp 2 eca e it ti i e  ation. n contra t  it 
cannot measure that in veins and microcirculations that have no strong pulsation. Thus, the 
pulse oximeter is not ita e or e a ating ia i it  o  distal gastrointestinal organ. 

n S  e re ente  a met o  or e timating t e tissue oxygen saturation (St 2) 
o  ga trointe tina  organ  near in rare   region ectro co  e er orme  anima  
e eriment  an  o taine  cce  e timation re t  o e er  a  et  or 
mea rement i  not ita e or c inica  e   
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n t i  a er  e investigated the ea i i it  of a more compact setup using several 
ectra  an  of  in  region an  a oto etector. We first constructed a method, 

then predicted the performance of the proposed setup through computer simulation using 
tran mittance ectra o taine  in animal experiments. 

2. METHOD 

2.1 Outline 

e i  an organ a or ance mo e  e ation a e  on t e eer- am ert a  and estimate 
St 2  ca c ating t e ratio o  concentration  et een o genate  emog o in 2) 
and de-o genate  emog o in  o e er  t ere are ario  ig t-a or ing materials 
ot er t an oo  in organs. Therefore, a model equation considering their influences is 
required. Thus, we model organ a or ance Aspectral(λ) ing a or tion coe icient  ε(λ) 
and amounts C as 

otherotherspectral )()()()(
22

CCCA OHOHOHO �� .        (1) 

Here, εother(λ)Cother represents the influences of scattering and/or a or tion  ti e ot er 
t an oo  S ectra  c aracteri tics of the third term, εother(λ), are n no n a t o g  
oxygenated and de-o genate  emog o in a or tion coe icient  ε (λ) and ε (λ), are 
a rea  no n   

Futhermore, as we assume to use se era  ecra  an  o   e nee  to mo i  the 
a e ent  a e  mo e  gi en   (1).  n the proposed method, St 2 is estimated as 

show in Fig. 1. n the preparation step, t e a orption coe icient  or  a e eng  
an  are e timate  using the specral data. This is performed only once. n t e 

intraoperative step, St 2 is intraoperatively estimated ing mea re  a or ance. 

 

Figure 1: Flowchart of the proposed method. 
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2.2 Details of each step 

 mentione  a o e  a simple tem ing  can not u e t e a e ngt  a e  mo e  
gi en    n the preparation step, first of all, the spectral transmittance are 
measured. Then  a or tion coe icient  ε(λ) and amounts C are estimated. Then, using the 
amounts C, no n ectra  emittance o   ectra  en iti it  o  the sensor, the 
a or tion coe icients or  are ca c ate  n t e intrao erati e te  a im e matri  
operation output the amounts C rom t e o aine  ata  etai e  roce re i  gi en e o  

(1) Estimateion of spectral absorbance 

n t e re aration te  e o tain t e n transmittance spectra in advance and calculate 
a or ance    

,...,nk,TA kk 1  })({ log)( )()(  � OO .     (2) 

Here, A(k)(λ) and T(k)(λ) represent k-th a or ance an  tran mittance  re ecti e  ing 
these learning data, we estimate εother(λ   nonnegati e matri  actori ation (NMF) (Lee et 
al  , 2001) t at i  a in  o  in  o rce e aration met o   

 NMF represents a given matri   a eig te  m o  t o nonnegative matrices. We 
ecom o e t e a or ance matri  A into two nonnegative matrices, C and E, as 

CEA  .           (3) 

Here C and E corre on  to t e amo nt o  com onent  or eac  ect an  a or tion 
coefficients of components in organs, respectively (Galeano et al, 2013) (Pauca et al, 
2006). We call C and E a  amo nt matri  an  a or tion coe icient matri  re ecti e  
Fig. 2 shows a  sc ematic iagram o   e e a or tion coe icient  o  o genate  
and de-o genate  emog o in a  t e no n in ormation  Se aration n m er i  t ree in 
t i  time   e o tain t e a or tion coe icient  an  t e amo nt  o  eac  com onent 
rom t e earning organ a or ance  

 
Figure 2: Schematic diagram of NMF. 

(2) Calculation of band-based absorption coefficients 

We assume a an - a e  mo e  imi ar to   as 

miCCCA iiii ,...,1   ,otherother,, 22
 �� HHH .    (4) 

Here, A ,i and iH  re re ent t e a or ance mea re   i-th  an  a oto etector 
and the an - a e  a or tion coe icient  re ecti e y.  

or ance of kth sample measured with i-th  an  the photo detector, )(
,

k
iLEDA   is 

represented as 
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Here, )(, OiLEDI  and )(OS  represent the spectral emission charactersitic of i-th L  and the 

spectral sensitivity of the sensor, respectively. e e nction  are a me  to e no n  
)()( OkT   represents the transmittance spectra of k-th sample organ measured in the 

preoperative step. So )(
,

k
iLEDA  can e ca c ate  

Since we have }{ )(
,

k
iLEDA  and the amounts },,{ )()()(

2
k

other
k

Hb
k

HbO CCC  now  e re re ent   a  
a matrix form as  

ECA  .                                            (6) 

Here, E represents the an - a e  a or tion coe icient matri . 

ing im ate  a or ance A  and amounts of each component C ca c ate   
NMF, we estimate E as 

ACE �                                                       

Here, C  represents a pseudo inverse matrix of C.  

The intraoperative step is conducted as follows.  t e n m er o   an  m=3, 

E ecome  a  matri  So  m ti ing t e simple inverse matrix  the measured 
three values, the amount  o  t ree com onent  are o taine   t ere are more t an t ree 

 an  a least square method is applied to dermine C ，C  and Cother. Then, we 
e timate t e St 2  t e ratio o  o taine  C  and C .  

3. SIMULATION EXPERIMENTS & RESULTS 

n t i  a er  e imulated the performance of the proposed method using transmittance 
spectra of swine small intestines  ing  5  e im ate  a or ance  o taine  it  
t ree  an  a oto etector intrao erati e  an  e timate  St 2  a ing ro o e  
method. As a ig t emitting e ice  e a me  t ree  ma e  e o  nc  that have 

ea  at    nm  an  it  a  i t  at a  ma im m  o     
nm, respectively.  oto etector ma e  amamat  P otonic    a  a me  a  a 
light receiving device. 

3.1 Material 

We measured ma  inte tine a or ance  o  ine rom  to  nm at  nm inter a  
e mea rement e eriment  ere er orme  it  rotot e ro e t at con i t  o  a 

compact spectrometer and a halogen light. Fig. 3 shows representative photos and some 
a or ance  ta en ring t e anima  experiments.  
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Figure 3: (a) Represent photo of animal experiment.  

                   (b) Some examples of obtained spectra data. 

 

We a e t ree in  o  mea rement ata  ir t one i  or etermination o  the model 
equation. We have 32 spectra. Second one is for comparison with pulse oximeter. As a 
reference value, we measured oxygen saturation with a pulse oximeter. The measurement is 
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Figure 4: (a) Comparison with pulse oximeter. (b) Estimation results to ligated intestines. 
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The intraoperative step is conducted as follows.  t e n m er o   an  m=3, 

E ecome  a  matri  So  m ti ing t e simple inverse matrix  the measured 
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ea  at    nm  an  it  a  i t  at a  ma im m  o     
nm, respectively.  oto etector ma e  amamat  P otonic    a  a me  a  a 
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e mea rement e eriment  ere er orme  it  rotot e ro e t at con i t  o  a 

compact spectrometer and a halogen light. Fig. 3 shows representative photos and some 
a or ance  ta en ring t e anima  experiments.  
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5. CONCLUSIONS 

We ro o e  a St 2 estimation method of intraoperative organ using a simple setup with 
ome  an  a oto etector  an  simulated the performance of the proposed method 
ing ectra a or ance o  ine ma  inte tine  We con irme  t e inearit  et een 

estimated value and reference value measured with a pulse oximeter, and achieved average 
error   ma im m error   n t e e timation e eriment o  igate  inte tine  t e 
re ction o  St 2 due to ligation was evaluated  o r ro o e  met o  ere  t e 
o i i it  o  St 2 monitoring for intraoperative organs with a simple setup using three 

 an  a oto etector i  gge te   

 a t re or  e i  rotot e an actual equipment and evaluate our proposed 
method  a ing to more ine ma  inte tine  in ario  oo  circ ation tate  
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Colour Image, Fashion Design
and Identity
Larissa NOURY

«Couleur-Espace-Culture» / «Colour-Space-Culture», Paris, France

ABSTRACT
The Color, Art and Fashion design concerns the Harmonies of color associations of textile and 

other materials used for couturier’s aesthetic project. It is an illustration of collaboration of artists and 
couturiers on the harmonies of color associations in order to create a personal style and marque or 
brand identity. They were more closely tied at the turn of the 20th century than they are today. Artists 
did not see the difference between creating an original work of art, such as a painting, and designing a 
textile pattern that would be reproduced many times over. Each was a valid creative act in their eyes. 
There are a lot of vivid illustrations of the centuries-long love affair between fashion and art of color. 
Couturiers are past masters at capturing the contemporary zeitgeist in their designs, while artists have 
frequently used clothing as a way to give all-round expression to their aesthetic ideas.

Beginning from the 19th century major changes both emerge in the role of fashion and in the 
place of art in society. Growing affluence and new social structures gradually turned both fashion 
design and art of color into ways of expressing personal taste and identity.

Our study raises a historic panorama of the color in the fashion design during the XXth century, 
highlighting certain symbolic movements such as the Art nouveau, the Russian avant-garde, the 
modernism, pop art or the kinetic art. It lists the colour’s harmonies for modern fashion design and 
describes the tools, ranges, palettes, techniques which allow personalizing a dress with fantasy and 
subtlety.
Art has often been a major source of inspiration for dress designers of XXth century: we remind some 
creations by Paul Poiret, Sonia Delaunay, Liza Schiaparelli, Coco Chanel, Yves Saint Laurent and 
Givenchy. In their practice art of color is in fashion image. The designers paraphrase the masters of 
painting.
This connection between art and fashion is obvious from the end of XIXth century. Nowadays, the 
collaboration between artists and fashion designers continues. The personal artist’s inspiration of 
French colorist Larissa Noury comes from her own color harmonies of tactile painting, from within. 
Jean Marie Pujol, couturier who worked with Dior and Yves Saint Laurent at the time, designed several 
dresses to be painted by L.Noury. Their unique collection of painted dresses means to perpetuate the 
art and fashion marriage in order to create an original color image.
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remind some creations by Paul Poiret, Sonia Delaunay, Liza Schiaparelli, Coco Chanel, 
Yves Saint Laurent and Givenchy. In their practice art of color is in fashion image.  

This connection between art and fashion is obvious from the end of XIXth century. 
Nowadays, the collaboration between artists and fashion designers continues. The personal 
artist’s inspiration of French colorist Larissa Noury comes from her own color harmonies 
of tactile painting, from within. Jean Marie Pujol, couturier who worked with Dior and 
Yves Saint Laurent at the time, designed several dresses to be painted by coloriste and 
designer Larissa Noury. Their unique collection of painted dresses means to perpetuate the 
art and fashion marriage in order to create an original color image. 

Belle époque / Belle Epoch 

The synthesis of practical considerations and of an aesthetic natural forms and lines is 
characterized by colour palettes of great richness. Modern times influences a great deal the 
development of fashion design and produced a profusion of the polychromy in it.  

The large selection of paintings by Claude Monet and Pierre-August Renoir, Giovanni 
Boldini, Auguste Toulmouche, James Tissot, Jean Beraud and Alfred Stevens, – visual 
artists, who reflected the best on the fashion style of Belle Epoch, – is an example of what 
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could be called fashion inspiration in fine arts. Artworks were created in realistic manner 
and do not have even a touch of stylization typical of modern art. Figures depicted in these 
paintings are precise and realistic. However, it would be fair to say that style itself is the 
subject matter instead of a particular model. Fashion is the main theme and inspiration for 
these paintings. 
After a visit to the workshop in Vienna the avant-garde fashion designer Paul Poiret 
combined the idea of mixing art and fashion in his Parisian practice. He opened a Martine 
school (1911), a place which was also attractive for artists. He then employed Parisian 
artists such as Lepape, Ibibe, and Erte for fashion illustrations. He employed the artist 
Raoul Duffy to design fabric prints and to invent tissues. He went to art galleries and 
showed his artistic sensibilities by preferring Impressionist paintings at a time when they 
were new and unappreciated by the public. Poiret became very interested in modern art and 
said, "I have always liked painters. It seems to me that we are in the same trade and that 
they are my colleagues." The couturier considered himself firstly as an artist. 
Russian constructivisme & suprematisme 
The Russian avant-gard in Art and Design (1915-35) deserves to be mentioned. The word 
"revolution" has become a slogan for fashion design as well. The Russian constructivists 
defined the chromatic surfaces as fundamental coloured elements where the straight lines, 
the rectangular forms, the principal colors (yellow, red, blue, black and the white) are used 
to make a unified and inexistent on Nature composition.  
Varvara Stepanova, Alexandre Rodchenko, Liubov Popova and others show their creativity 
through re-energizing new forms and meaning in art and dress design. The strong and 
independent colour, the uniformity of geometrical shapes and the lack of forces of gravity, - 
all those elements forms a kind of representation of an ideal cosmos. The key fragments of 
Russian revolutionary creativity still glow like radium, living on futuristic art and design 
into the imaginations of some most influential couturiers of the 20th and 21st century's. 
Christian Dior’s Haute Couture was inspired by Malevich’s painting in 2002. 
Simultaneous Contrasts & Sonia Delaunay. 
In the 1920s, abstract painting inspired a variety of fabric designs by successful designer 
and artist Sonia Delaunay. Married to Robert Delaunay and a close friend with artists like 
Mondrian, Arp, Vantongerloo and Kandinsky, she was a member of the contemporary 
artistic avant-garde in her own right. It was her own abstract paintings that she translated 
into rhythmic designs composed of squares, lines, circles, diagonals and colour planes. In 
all, Delaunay created over 2,000 of these fabric designs, around 200 of them produced 
especially for fashion house Metz & Co in Amsterdam. 
 
Surrealism & Elsa Schiaparelli 
 
Fashion designer Elsa Schiaparelli, Coco Chanel’s main rival in the 1920s and ’30s, 
produced clothing and hats heavily influenced by Surrealism. Her sweaters incorporating 
knitted ties or sailor collars were a sensation and she worked in close cooperation with 
artists like Salvador Dalí and Jean Cocteau. An example of her work with Dalí is her 
famous lobster dress and the original design of the very imaginative patterns such as the 
‘shoe hat’ and surrealistic shoes and gloves. Dali said: “Surrealism is destructive, but it 
destroys only what it considers to be shackles limiting our vision”. 
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Art deco & Coco Chanel  
 
The designer's passionate interests inspired her fashions. Her apartment and her clothing 
followed her favorite color palette, shades of beige, black, and white, which composes a 
bases for style of art deco. Elements from art deco design, her art collection and even 
theatrical interests provided themes for her collections. The ornament of the dress, in both 
pattern and color palette, resembles the Asian lacquered screens which the designer loved 
and collected. The convergence of Art Deco line, the modernist impulse was married with 
pure form and Japanese’s potential. 
 
Art of Neoplasticism 
 
Piet Mondrian changed the face of modern art. His influence extends to painting, sculpture, 
graphic design, and fashion. In search of plastic harmony he introduced a universal 
language of shapes and primary colors that goes beyond the painting, Mondrian was the 
central figure and the most famous of the De Stijl movement. This style was baptized as 
neoplasticism and intended to achieve real objectivity by releasing the work of art from its 
dependence on the momentary individual perception and temperament of the artist. Yves 
Saint Laurent has created his famous dress with Mondrian’s colour composition. 

Yves Saint Laurent, Diane Von Furstenberg, Nike, Moschino, Kara Ross, Christian 
Louboutin, Vans also used the codes of Neoplasticism. They proclaimed a new polychrome 
design "neo-plastician" who applies sharp and pure colors in their achievements. They 
intend to propose a theory of a relationship between design and painting, like "a place of 
modern painting in architecture". Théo van Doesburg defined the chromatic surfaces 
coloured as fundamental elements where the straight lines, the rectangular shapes, the 
principal colors (yellow, red, blue, black and the white) are used to make a unified 
composition. 
In the 1950s, Mrs Carven produced a special designs dresses inspired by Optic illusion, 
and since then the emergence of Minimalist art has given rise to a widespread taste for 
sober, often asymmetrical designs. Not only paintings but also sculpture inspired couturiers 
for a news creation. Mrs Grès was known as a sculptor of fabric, since she used to create 
long, draped Grecian-style dresses with delicate pleats. Her favorite fabric was silk jersey 
and her signature was cutout gowns which would leave parts of the skin exposed. The 
perfect construction of her designs would always bring out a sophisticated feel of classical 
antiquity and ‘extreme purity’. Her clients included 20th century fashion icons such as the 
Duchess of Windsor, Jacqueline Kennedy and Grace Kelly. Madeleine Vionnet was known 
as the “architect among dressmakers”. Her vision was all about comfort and fluidity in 
movement. Her name is associated with the ‘bias cut’ which she introduced in order to help 
accentuate the natural curves of the female body. Inspired by ancient Greek art, the French 
designer remains known for her Grecian-style dresses and revolutionary clothes, worn by 
stars such as Marlene Dietrich and Greta Garbo. 
 
Since the Second World War there has been frequent interaction between art, architectural 
design and fashion. Le Corbusier was the designer of Minimalism. He was one of the 
principal actors of the rationalist modern and purist movement with his slogan "Order. 
Reason. Purity. Truth. Structure. Bleaching”. But he was also one of the first architects that 
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organized and classified the color in the scale of environmental polychromy. Minimalist in 
fashion is a case of André Courrèges who has opened his own couture house in 1961.  
He wanted to “modernize the women.” From there, he created the futuristic collections, 
with clean and original shapes. He was then nicknamed "Le Corbusier of fashion." 
 
Pop-art , op-art & hippie culture in fashion 
 
The emerging hippie culture rejected the dictates of Paris haute couture, adopting instead 
an eclectic, highly individual look, mixing vintage and ethnic clothing with fashions 
inspired by contemporary psychedelic Pop art, nature, fantasy, and ethnographic art 
For instance Jean-Charles de Castelbajac was inspired by Andy Warhol and his Pop-art 
“Campbell’s Soup” painting , he has always been inspired by contemporary art; he brings a 
joyful colour pallet from BD, cartoons, art graphics in his collection. Op-art produces at 
the spectator a physiological and psychological optical effect in environmental design and 
fashion.The artists as Victor Vazarely, Yvaral, Cruz Diaz and other representatives of 
"Optical Art" continue to influence modern fashion design and modern life today. 
Especially artists of "Op Art“ inspired the fashion and interior design created by fashion 
designer Jean-Paul Gaultier. 
The creativity work of Friedrich Hundertwasser remains before all that of a painter and a 
designer fighting against the austerity and the monotony of the industrial design. The 
unusual achievement of Hundertwasser with application of colour material and the use of 
irrational geometrical forms is a demonstration of kind of spatial contrasting harmony. 
In 2007, Christian Dior designed a unique piece: hand painted and enhanced with 
spectacular embroidery Manteau Suzurka-San. Dior Haute Couture was inspired by The 
Great Wave of Kanagawa, emblematic work of Japanese artist Hokusai. Focusing on the 
relationship between art and creations of the house of Dior, we can say that the original 
works have been in one way or another influenced by different artists. 
During his whole existence Yves Saint Laurent revolutionized fashion and gave the woman 
her freedom of movement that has inspired artists, poets and painters. "The profession 
needs an artist to exist," he said. He loved paintings, especially those of as Matisse, 
Mondrian, Braque, Picasso, and Van Gogh. Saint Laurent paid tribute in 1988 to Georges 
Braque, whose famous birds seem to fly stuck to the bride's dress. Then he designed a 
jacket inspired by "The Iris" of Van Gogh. It took 800 hours to sow the whole Van Gogh 
image. Flakes, tubes, seed beads, ribbons were all embroidered by hand to make the effects 
and lighting as it was on the canvas. Yves Saint Laurent, a veritable artist influenced in 
some way other couturiers.  
 
Nowadays, fashion designs have increasingly been regarded as autonomous works of art. 
Some creations by designers like Jean-Paul Gauthier have been inspired by “futurism” and 
use the “tromp-l’oeil” effect. For instance stylish French can-can dress has been inspired by 
the “Moulin rouge” dancer. And we can see some kind of butterfly as a “camouflage” for 
his new fashion collection. The fashion house of “Martin Margiela” has been inspired by 
quotations from Frank Llloyd Wright, paintings of Gauguin and graphic codes of pop art 
that were transposed on dresses in an open way; yet fashion-art chemistry worked well 
together. Faces are covered with the now famous masks in combination with a kind of cap 
and remind us of motifs between science fiction and oriental legacy; sham tattoos on the 
tissue placed directly on the skin were hallucinating and sexy. Art of green fashion design 
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show us the tendency to the ecological way of thinking. The very famous botanist Patrick 
Blanc, world known for his green wools & fashion designer Jean-Paul Gauthier have 
created a “green” wedding dress in 2002. 
 
The latest movement is a combination of light & urban design as well as light and fashion 
design. Renowned for its distinctive colour palettes and creative designs Franck Sorbier 
used just two designs and stunning visual effects to narrate a medieval French fairytale on 
the runway in Paris. The Haute Couture Autumn/Winter 2012/2013 collection retold the 
17th century story: Donkeyskin, a widowed king set on marrying his own daughter, who 
escapes his clutches by demanding a series of impossible gowns, the colour of the sky, 
moon or sun. “The collection is a bridge between the past, the present and what the future 
could be,” explained Franc, who had teamed up with software giant Intel for the high-tech 
side of the project. 

All these examples show us that the variety of colour harmony in art and actual fashion 
design is a true colour 3D conception, with nuances and details, with specific colour codes 
and combinations, constantly changing in space and time. We can distinguish 4 colour 
associations or fundamental groups: “Colour”, “Value”, “Nuance” and “Mixed”; Inside of 
each group different components lose their own characteristics to the profit of a global 
perception. We can distinguish also 24 complementary intermediate colour groups (colour 
will be expressed on NCS – Natural Colour System). 

These families of colours reflect their global impressions and comply with the laws of 
“gestalt theory”. 
Aleatory : Values of hue, saturation and brightness are pulled at random in every action. 
Antagonistic achromatic: Two opposite values of tints on the achromatic axes with various 
brightness levels. 
Antagonistic chromatic: Two opposite values of tints on the chromatic circle with various 
brightness and saturation levels. 
Bichrome: Two values of tints in right angle on the chromatic circle with various 
brightness and saturation. 
Camaïeu: Colours of close tints on the chromatic circle with various brightness and 
saturation. 
Partial contrast: Two tones with diverse brightness and saturation which binds a gradation 
between these two values. 
Degrading: Continuous progression between two colours, both in tint and in saturation or 
in brightness. 
Progression moving: Progression between two colours, in very distinctive ways as a step of 
colours in a staircase.  
Fusion: Two colours merge gradually into a third whose colour is in the middle of the first 
two but the saturation is lower if the shades are remote.  
Equally chromatic: Unity of tint, diverse saturation and brightness.  
Equally bright: Unity of brightness, variations of tints and saturation. 
Equally saturated: Unity of saturation, variations of tints and brightness. 
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show us the tendency to the ecological way of thinking. The very famous botanist Patrick 
Blanc, world known for his green wools & fashion designer Jean-Paul Gauthier have 
created a “green” wedding dress in 2002. 
 
The latest movement is a combination of light & urban design as well as light and fashion 
design. Renowned for its distinctive colour palettes and creative designs Franck Sorbier 
used just two designs and stunning visual effects to narrate a medieval French fairytale on 
the runway in Paris. The Haute Couture Autumn/Winter 2012/2013 collection retold the 
17th century story: Donkeyskin, a widowed king set on marrying his own daughter, who 
escapes his clutches by demanding a series of impossible gowns, the colour of the sky, 
moon or sun. “The collection is a bridge between the past, the present and what the future 
could be,” explained Franc, who had teamed up with software giant Intel for the high-tech 
side of the project. 

All these examples show us that the variety of colour harmony in art and actual fashion 
design is a true colour 3D conception, with nuances and details, with specific colour codes 
and combinations, constantly changing in space and time. We can distinguish 4 colour 
associations or fundamental groups: “Colour”, “Value”, “Nuance” and “Mixed”; Inside of 
each group different components lose their own characteristics to the profit of a global 
perception. We can distinguish also 24 complementary intermediate colour groups (colour 
will be expressed on NCS – Natural Colour System). 

These families of colours reflect their global impressions and comply with the laws of 
“gestalt theory”. 
Aleatory : Values of hue, saturation and brightness are pulled at random in every action. 
Antagonistic achromatic: Two opposite values of tints on the achromatic axes with various 
brightness levels. 
Antagonistic chromatic: Two opposite values of tints on the chromatic circle with various 
brightness and saturation levels. 
Bichrome: Two values of tints in right angle on the chromatic circle with various 
brightness and saturation. 
Camaïeu: Colours of close tints on the chromatic circle with various brightness and 
saturation. 
Partial contrast: Two tones with diverse brightness and saturation which binds a gradation 
between these two values. 
Degrading: Continuous progression between two colours, both in tint and in saturation or 
in brightness. 
Progression moving: Progression between two colours, in very distinctive ways as a step of 
colours in a staircase.  
Fusion: Two colours merge gradually into a third whose colour is in the middle of the first 
two but the saturation is lower if the shades are remote.  
Equally chromatic: Unity of tint, diverse saturation and brightness.  
Equally bright: Unity of brightness, variations of tints and saturation. 
Equally saturated: Unity of saturation, variations of tints and brightness. 

 

 

Isolated: A colour in opposition of tint, saturation and brightness compare to a neutrality of 
the background. 
Monochromatic: A colour with very close variations of saturation or brightness. 
Multicolored: Multicolour is a complete harmony of all chromatic colours that are 
completed by the Neutral. 
Neutral: A simple gradient from black to white. The harmony is very common in 
contemporary art, fashion design & architecture. 
Nuanced: Low saturated group and close colours in brightness. 
Progression in saturation: Unity of tint and brightness, progress in saturation. 
Polychromatic: Composition of different chromatic colours. 
Quadrichromatic : Four colours in right angles on the chromatic circle, degraded by 
saturation and by brightness. 
Tone in the tone: The same colour tone which is corresponding to the different materials 
play some kind of contrast. 
Trichromatic: Three colours in an equilateral triangle on the colour wheel, gradient in 
saturation and brightness. 
United: The combination of very close colours in relief materials which give us a unique 
colour perceived from a long distance. 
Translucent: Luminous effect of colour composition due to transparency of used materials. 
 
Tactile colour & Haute Couture 
My inspiration as a colorist and designer comes from my own painting, from within. Jean 
Marie Pujol, couturier who worked with Dior and Yves Saint Laurent at the time, designed 
several dresses to be painted using my technique to perpetuate the union of art and fashion. 
With this personal style we created a series of hand painted dresses presented during 
exhibitions and international events. An evolution of coloured strata in constant 
transformation, beauty of nature, the interaction of forms and images... It is towards this 
universe of harmony that I invite you. Everything lies in the pondering of both visual and 
tactile beauties which conceal thus a created space. A perception an eye discovers which is 
then transfigured and transformed by the feeling of touch. 
« Beauty has as many meanings as man has moods.  
Beauty is the symbol of symbols.  
Beauty reveals everything, because it expresses nothing.  
When it shows us itself, it shows us the whole fiery-colored world. » 
 Oscar Wilde, 1890 

This type of art, beyond the visible, enriches us by its power and its self-fulfilment.  
 

Address : Dr. Larissa NOURY, « Couleur-Espace-Culture »/  « Colour-Space-Culture » 
14 rue de la Chapelle, 75018 Paris, France.  E-mails: larinoury@gmail.com  

www.larinoury.fr , www.CEC.larinoury.fr   

413
AIC2015 TOKYO - Color and Image



PS1-2

Contemporary Art and the Unfoldings of Colour
Laura CARVALHO1

ProCor Brazilian Colour Association
Sc oo  o  rt  an  omm nication  ni er it  o  Sao Pa o  ra i

ABSTRACT
Contemporary art legitimates color by leading it away from the traditional techniques of 

painting, and it transgresses platforms by thinking about new modalities of image: it puts the 
spectator and the space as central elements of the chromatic experience. Color is the sensation given 
by the image – and the latter is no longer assimilated from traditional constituents (canvas, paint) – 
in installations and urban interventions. The passengers on streets and avenues are captured by the 
unexpected, and color is inserted within the city’s landscape as a sensorial input to be perceived.

From the 60’s onwards, the role of color on the realms of contemporary visuality has been 
deeply rethought by art. Carlos Cruz-Diez (Venezuela), Hélio Oiticica (Brazil) and Daniel Buren 
(France) are leaders of this conceptual turning point: they established new chromatic formulations for 
installations and interventions; they made color a way of awaking within the spectator the everyday 
sensitivity and the attention to the landscape. For them, color shows the space in its social nature, as 

iticica a firme  co or i  t e fir t re e ation o  t e or  
Cruz-Diez, Oiticica and Buren inserted color into the paradigms of urban space construction 

and institutional art centers. They prioritized art in a three-dimensional plan: architecture and color 
are integrated in visual culture. Color, life and experience do not clash, they are united in the attempt 
of reestablishing and updating the audience’s vision. On this presentation, I will particularly discuss 
Cruz-Diez’s Cromosaturaciones, Inducción Cromatica and Color Aditivo, Oiticica’s series Penetrável 

agic S are an  ren  fic e  Sa age  an  Pa ier  o  or  on ic  t e a e o  co or i  
somehow recreated in image and contemporary culture.

*1 Laura Carvalho is Brazilian colour researcher and production designer for the cinema. Graduated on Audiovisual 
Arts by the University of São Paulo and Master of Arts in Theory and Aesthetics of Cinema by the same institution. 
Her academic research establishes a parallel between colour, cinema and visual arts, notably modern and contemporary 
art. Such academic research has brought results presented in conferences in Brazil and overseas, including countries 
a  S ain  an  nite  ing om   Pre ent  or  a  ro ction e igner an  cenogra er or fi m  
performance and theatre.
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A STRACT 

Contemporary art legitimates colour by leading it away from the traditional techniques of 
painting, and it transgresses platforms by thinking about new modalities of image: it puts 
the spectator and the space as central elements of the chromatic experience. Colour is the 
sensation given by the image – and the latter is no longer assimilated from traditional 
constituents (canvas, paint) – in installations and urban interventions. The passengers on 
streets and avenues are captured by the unexpected, and colour is inserted within the city’s 
landscape as a sensorial input to be perceived. From the 60’s onwards, the role of colour on 
the realms of contemporary visuality has been deeply rethought by art. Carlos Cruz-Diez 
(Venezuela), Hélio Oiticica (Brazil) and Daniel Buren (France) are leaders of this 
conceptual turning point: they established new chromatic formulations for installations and 
urban interventions; they made colour a way of awaking within the spectator the everyday 
sensitivity and the attention to the landscape. 

1. INTRODUCTION 

The 20th century was determinant for the colour judgement on the realms of art and 
culture. Modern art emancipates colour as a pictorial element, it deposes mimesis from its 
well-privileged field and it begins to consider the chromatic material within the domain of 
subjectivity. Contemporary art, on the other hand, evaluates the modern perspective, takes 
away from colour its character of personal expression in order to create new parameters –
more objective and impersonal ones – on the way it turns into image. 

It is not possible to accompany the fast transformation of the colour role in the art of the 
20th century without taking into account Marcel Duchamp’s legacy to the contemporary art 
(Temkin 2008). The French artist, through readymade, articulates his critique to the 
institutionalization of the work of art and the primacy of the object made by the artist: 
painting, its auratic dimension and its disarticulation with the social dynamics. Duchamp 
incorporates everyday objects – the common, the ordinary ones – in the field of artistic 
production in order to depose the handicraft character of art and its exclusive relation with 
the artistic genius.  

                                                
1 Laura Carvalho is Brazilian colour researcher and production designer for the cinema. Graduated on 
Audiovisual Arts by the University of São Paulo and Master of Arts in Theory and Aesthetics of Cinema by 
the same institution. Her academic research establishes a parallel between colour, cinema and visual arts, 
notably modern and contemporary art. Such academic research has brought results presented in conferences 
in Brazil and overseas, including countries as Spain (2012) and United Kingdom (2009, 2010). Presently 
works as production designer and scenographer for film, performance and theatre.  
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Duchamp was not notably a colour artist, but the debate he engendered resounds on the 
way colour was taken in within art from the decades of the 0’s and 60’s  he 
manufactured or industrial colour assumes certain distance from its handicraft process of 
production; the tube paints are replaced by those found at stores not dedicated to the artistic 
production, such as the masonry and automotive paints. At that moment, there was not a 
disarrangement between the artistic practice and the everyday life elements, and colour 
enters the world of art as a present element in the real world. 

As for the installation and urban intervention - the focus of this text - the artists validated 
Duchamp’s methodology on a two-folded way: not only did they question the museum as a 
space which endorses the value of art, but they also thought about the way of inserting art 
into the contemporary visual culture, through colour and urban landscape. 

Hélio Oiticica, Carlos Cruz-Diez and Daniel Buren (having considered the different 
contexts they developed their work) stand out in their use of colour in the poetics of the 
expanded field (Krauss 1979), taking here the famous term coined by Rosalind Krauss. 
They do not move away from their personal preferences for determined shapes or shades –
as, for instance, uren’s stripes, ru -Die ’s geometry and iticica’s primary colours -, 
however, they dimension their aesthetical choices according to their colours, materials and 
the design found in the field of industrial production. 

hat does not mean that those artists’ isual scheme is a su mission to the world of 
capitalist production; instead, through colour release in 3D space, Oiticica, Cruz-Diez and 
Buren adopted a critique to the institutional spaces of art and the way the everyday 
experience neglects our vision. For them, colour shows space in its social nature. 

. LIO OITICICA 

The Brazilian artist develops his journey along with his search for solving artistic problems 
through colour. Oiticica not only stands out in the Brazilian contemporary production, as 
well as he is one of the best developers of colour within a prism that takes into 
consideration the debates occurred around art and the insertion of his project into an 
underdeveloped context, such as the Brazilian one. 

For him, colour needed to get out from the screen frame and reach space projection. This 
colour dodge aimed at dismantling the traditional art categories, as painting and sculpture. 
Throughout the years, this artist created a series of projects, identified by specific names: 
Núcleo (core), Penetrável (penetrable), Parangolé (colorful costumes made of fabric and 
plastic) and Bólide (fireballs). Let us focus on the Penetrable series, especially the Magic 
Square series.

From architectonic scale, Magic Square#5 (1978, Figure 1) searches the spectator’s 
involvement through colour. Nine brick 4,5 X 4,5m squares constitute ample coloured 
walls simulating labyrinths. Colour embodies the work structure; masonry paints cover the 
square faces, whose nuances may vary among white, magenta, blue, red, orange and 
yellow. Other elements from the industrial universe are used in the work, such as acrylic 
blue.

Oiticica, with this bold arrangement, assumes the hybrid qualities of the work, flirting with 
painting, sculpture and architecture. In Magic Square#5, the labyrinth structure enables the 
public to go through the colour fields, to walk on its walls, to learn on them, to observe the 
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blue light that passes through the acrylic board, to pay attention to the landscape that 
involves the installation. The device he created reaffirms the project collective character. 

he word s uare  takes at least two different meanings  the first, allusive to the 
architectonic dimension of the work (in relation to the fixed measured squares) and the 
other that relates to the public square space and its relation with the surroundings, making 
the installation prone to promote meetings among people and to promote the encounter 
between people and their surroundings. 

Figure 1: Hélio Oiticica, Magic Square#5, 1978 

The big dimensional work is clearly an exogenous element to the landscape it is inserted in 
(as it is the case of Magic Square#5, located at Tijuca Forest in Rio). Through colour, the 
walls stand out from their surroundings and acti ate the pu lic’s sensorial e perience, 
carrying out a physical and social dimension of the work. It is physical because it demands 
the audience’s odily presence inside the installation, and it is social because the spectators 
walk around its labyrinths and they are invited to free themselves away from the dull and 
anti-creative everyday life (Pedrosa 2004), in order to acquire a new experience through 
art. The formal set projected by Oiticica opens up a magical dimension, as if the 
installation were from a fantastic nature inside a landscape that notably does not belong to 
it.

lio’s pro ect mi es intellectuality and intuition, this chromatic arrangement distances 
itself from a symbolic propensity of colour, denying possible associations between colour 
and its cultural meaning. The artist deeply debates the importance of colour on the social 
net where the installation in fixed in. The palette he searches is not the painter’s one, not 
the architect’s one, ut it is a isual data which presents itself independently, lightly and 
loosely, and it is able to grab the spectator in a universe of sensations. 

. CARLOS CRU DIE  

In the Latin-American context and its situation in the international art, the Venezuelan 
Carlos Cruz-Diez has a relevant development of colour in the 3D field. He begins from a 
careful study of colours in the realm of science, graph art and painting, moved by the 
curiosity in associating scientific research and artistic production in the search for new 
industrial materials to be inserted in his works. 

From easel painting to designer and illustrator, Cruz-Diez persisted on the way colour 
might be registered as an image. Thus, his extensive career deals with diverse materials 
(cardboard, wood, aluminium, plastic, LED light bulbs, etc.)  adapted  to  specific  aesthetic 
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careful study of colours in the realm of science, graph art and painting, moved by the 
curiosity in associating scientific research and artistic production in the search for new 
industrial materials to be inserted in his works. 

From easel painting to designer and illustrator, Cruz-Diez persisted on the way colour 
might be registered as an image. Thus, his extensive career deals with diverse materials 
(cardboard, wood, aluminium, plastic, LED light bulbs, etc.)  adapted  to  specific  aesthetic 

assumptions. For having this diversity of materials that enable a range of concepts, his art 
meets kinetic art, geometrical art, constructive art, expanded cinema and site specific.

Comparably to Oiticica and Buren, Cruz-Diez also presents himself opposed to the 
symbolic associations of colour, not conditioning it to a mythical character of 
interpretation. What he proposes is for colour to be emancipated from its cultural charge in 
order to e recreated according to the spectator’s e perience  olour is a li e and mutant 
organism, whose acknowledgement depends on people’s interaction with his work, as if 
our vision were also something unstable to be transformed. His investigation of colour 
resulted in the study of added, subtracted or reflected colour and it took him to create some 
series of works: Adición Cromática (chromatic addition), Inducción Cromática (chromatic 
induction), Fisicromía (physichromia), Ambientación Cromática (chromatic environment) 
and Cromosaturación (chromosaturation).  

Chromatic Addition is founded upon the concept of colour irradiation, when two colours 
get in touch and optically generate a third one. Some determining works of Chromatic 
Addition merge into Chromatic Environment: for instance, when the phenomenon of 
irradiated colour is present in urban shapes, in the zebra crossing (Figure 2) – a feature that 
used site specific experience in many different countries – or yet in panels or floorboards 
associated to the airport architecture (Pisos y muros de Color Aditivo en el hall central del 
aeropuerto, Caracas, 1974). 

Figure 2: Carloz Cruz-Diez, Chromatic Addition – Liverpool One, 2014.

Chromatic Induction, on the other hand, is based on the phenomenon of post-image or 
retinal persistence. Linear structures capture the complementary colour and thus the 
presence of colour is given both physically (primary colour) and virtually (complementary). 
Once more, the zebra crossings, under the effect of Chromatic Induction, enter as an 
efficient visual resource in the integration of art and urban space.  

At last, Chromosaturations promote a physical colour experience. They stimulate ways of 
thinking, seeing and acting. Cruz-Diez made this series throughout decades and kept 
modifying its shapes and support, either in transparent material constructions or using LED 
light bulbs. He made, for example, projects in the city of Paris, Chromosaturation pour une 
allée publique (1969), which enabled the collective experience of colour through an 
installation in the urban environment. A simple event such as this one invites the passer-by 
to turn into a prospective public, a spectator that is capable of exploring their perceptive 
domains about the installation space and about the urban space on which the work was 
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constructed. As a whole, Cruz-Die ’s efforts, throughout his ast production, is on a social 
dynamics of colour, by promoting an individual and collective experience that reconditions 
man’s ision and makes him recogni e the power of his look

. DANIEL UREN 

The French artist assumes readymade as a new repertoire of the contemporary visual 
culture  uren does not nullify Duchamp’s critical position  he ust reconfigures art from 
his observation of the consumer society. The artist sets the repetition of shape (the famous 
white-and-colour stripes of 8,7cm, his identity mark) in different support, making the work 
merge into the landscape of the city and to its emphatic symbolic production of the mass 
culture. 

Buren attributes the creation of this visual tool, the so-called stripes, to the observation of 
the fabric found at the Market in Saint-Pierre, Paris. These are meaningless signs, from an 
apparent neutrality and immutability. His colours also do not share a culturally given 
symbolism or a prescribed emotional charge. These are his projects named Affiches 
Sauvages (developed from 1968, Figure 3) and Papiers Collés (from 1969), bold proposals 
that carried out the discussion around image in the urban space, its banality in relation to 
the social life events. 

Figure 3: Daniel Buren, Affiches Sauvages, 1968.

His method consists of gluing those works to walls as if they were mere posters, 
reproductive and ordinary ones, in which the artist’s identity remains anonymous  he 
works merge in the visual assortment, characteristic of the contemporary society. The more 
palatable it could seem at first, the arrangement of colourful stripes created by Buren sieves 
aggressiveness, even present in the title of the series  wild posters  

The urban intervention is a gesture of visually modifying a given reality, without asking for 
permission to any public or private institution in order to do so. Both series are nor exempt
from ambiguity: along with their mimesis in a set of information, the works are 
intentionally glued and they make their presence in the own visuality of the contemporary 
culture on a non-institutional way. Actually, they are not marketing work because they had 
not been created by a marketing agency and they are not worthy the title of work of art (in 
the auratic and bourgeois sense of the term) because the artist remains anonymous and 
refuses the museum as a cultural privileged space of art.
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permission to any public or private institution in order to do so. Both series are nor exempt
from ambiguity: along with their mimesis in a set of information, the works are 
intentionally glued and they make their presence in the own visuality of the contemporary 
culture on a non-institutional way. Actually, they are not marketing work because they had 
not been created by a marketing agency and they are not worthy the title of work of art (in 
the auratic and bourgeois sense of the term) because the artist remains anonymous and 
refuses the museum as a cultural privileged space of art.

Buren proposes a break in the everyday normality and demands from the spectator the 
attention to the uninteresting, the observation of the disintegration of the stripes as his 
authorial mark and of his artistic genius. He refuses painting as an aesthetic resource and 
little by little transforms his works in objects of the common world (which might be flags, 
towels, posters, etc.). Despite the apparent static shape of his works, they accompany an 
external spatial transformation; they are entangled in the architectonic, economic and 
political set of the city. The artist gives visibility to the urban architecture and he makes the 
museum invisible as an institution space of art (Rorimer 2002).

. CONCLUSION 

One of the most important premises of contemporary art in relation to colour was putting 
the artist as an observer of the social reach of the art from the dynamics it establishes with 
the urban space. In spite of having come from different contexts whose works get 
connected in debates of different theoretical perspectives, Oiticica, Cruz-Diez and Buren 
reintegrate colour into art: both architecture and colour as ways of the contemporary visual 
culture. The works invalidate the museums as official places of art and they take off their 
symbolic value associated to meanings of cultural nature. The movement from colour to 
space – both in installation and in the city – transforms the everyday experience into an 
aesthetic experience. For them, colour, art and life do not diverge, they merge in the 
attempt of re-establishing and updating the public’s eye o er the e eryday e ents  
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ABSTRACT
Combinations of specific forms and colors represent most effective method to distinguish 

between different identities. When forms (objects, items) are similar or even identical, then only colors 
remain most reliable discriminatory factor.

Medieval time in Europe were mainly dominated by the general illiteracy and forms of visual 
i entitie  c  a  ie  coat  o  arm  an  ag  ic  ere im ortant to nam ig o  i ting i  
t e i erent actor   e ecia  en t e  a e emerge  a  o onent  in fig ting or game  or an  
expression of belonging, labeling property, possession, etc. In 11th century, when designing coats of 
arm  an  ag  a erie  o  i ci ine  rom era r  e i o og  ragi tic  in ignio og  icono og  
emerged, which were applied among philosophical sciences at that time. However, today they are com-
plementary Sciences of Art History. 

e aim o  t i  a er i  to re ent co or  a earing on S o enian m nici a it  ag  at re ent 
an  to com are t em it  t e fin ing  on S o enian co or re erence   c o ogi t nton r ten a  
40 years ago and by psychologist Max Tusak around 20 years ago.

n a t fi t  ear  S o enia gaine  a m tit e o  ne  ag  a eare  e to ne  m nici a itie  
on the basis of local features or attractions which were designed in accordance with modern trends in 
e ign  n t e ot er an  art o  t e m nici a  ag  re re ent t e eritage o  t e a t  t eir i torica  

tra ition  an  e no n oca  attraction  etc  e e o er  ag  are genera  a e  on era ic 
and veksilological principles.

The three studies were done in different time frames, separated by decades. Psychologist Anton 
Trstenjak presented the colour preferences of Slovenian population on a sample of 1,000 students in 
secondary schools. Psychologist Max Tusak, who worked with Anton Trstenjak, has carried out two 
decades later, a similar survey on a sample of students in four different types of secondary schools. 
n t e t ir  t  eca e  ater  e ma e a re earc  o  t e co o r  on S o enian m nici a it  ag  

which represent colour preferences of population in a given environment. Some structural analysis of 
co o r i togram  a  er orme  to fin  o t re re entation o  t e co o r  in t e ag  e re t  ere 
given into the Periodic colour model to comparatively analyse current state and illustrate the changes. 
n fina  t  e o n  a ot o  i erence  an  c ange  o er time in co o r re erence  among e-

cades, but we found also exception, mostly concerning similar preferences in colour blue.
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Abstract 
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Medieval time in Europe were mainly dominated by the general illiteracy and forms of 
visual identities such as shields, coats of arms and flags, which were important to 
unambiguously distinguish the different actors - especially when they have emerged as 
opponents in fighting or games, or any expression of belonging, labeling property, 
possession, etc. In 11th century, when designing coats of arms and flags, a series of 
disciplines from heraldry, vexillology, sfragistics, insigniology, iconology emerged, which 
were applied among philosophical sciences at that time. However, today they are 
complementary Sciences of Art History.  

The aim of this paper is to present colors, appearing on Slovenian municipality flags and to 
compare them with the findings on Slovenian color preferences by psychologist Anton 
Trstenjak 40 years ago and by psychologist Max Tusak around 20 years ago. 

In last fifty years Slovenia gained a multitude of new flags appeared due to new 
municipalities on the basis of local features or attractions which were designed in 
accordance with modern trends in design. On the other hand, part of the municipal flags 
represent the heritage of the past, their historical traditions and well-known local 
attractions, etc. These “older” flags are generally based on heraldic and vexillological 
principles. 

The three studies were done in different time frames, separated by decades. Psychologist 
Anton Trstenjak presented the color preferences of Slovenian population on a sample of 
1,000 students in secondary schools. Psychologist Max Tusak, who worked with Anton 
Trstenjak, has carried out two decades later, a similar survey on a sample of students in 
four different types of secondary schools. In the third study, decades later, we made a 
research of the colors on Slovenian municipality flags, which represent color preferences 
of population in a given environment. Some structural analysis of color histograms was 
performed to find out representation of the colors in the flags. The results were given into 
the Periodic color model to comparatively analyse current state and illustrate the changes. 
In final study we found a lot of differences and changes over time in color preferences 
among decades, but we found also exception, mostly concerning similar preferences with 
color blue. 

1. INTRODUCTION 
Combinations of specific forms and colors represent most effective method to 

distinguish between different identities. When forms (objects, items) are similar or even 
identical, then only colors remain most reliable discriminatory factor. 
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Medieval time in Europe were mainly dominated by the general illiteracy and forms of 
visual identities such as shields, coats of arms and flags, which were important to 
unambiguously distinguish the different actors - especially when they have emerged as 
opponents in fighting or games, or any expression of belonging, labelling property, 
possession, etc. (Stanic, R. and Jakopic, T. 2005). In 11th century, when designing coats of 
arms and flags, a series of disciplines from heraldry, vexillology, sfragistics, insigniology, 
iconology emerged, which were among philosophical sciences applied at that time. 
However, today they are complementary Sciences of Art History.  

In last fifty years, Slovenia gained a multitude of new flags appeared due to new 
municipalities on the bases of local features or attractions (Heimer Z. 2005), which were 
designed in accordance with modern trends in design. On the other hand, part of the 
municipal flags represent the heritage of the past, their historical traditions and well-known 
local attractions, etc. These “older” flags based on vexillology and heraldic principles, but 
the semantic undertones bearing important messages for the study of today’s Slovenian 
identity. 

2. METHOD 
The aim of this paper is to present colors, appearing on Slovenian municipality flags 

and to compare them with the findings on Slovenian color preferences by famous 
Slovenian psychologist Anton Trstenjak 40 years ago and by psychologist Maks Tusak 
around 20 years ago. Although the three color studies were done separated by decades in 
different timeframe, they show us that the most preferred common color through all times 
were blue. In a comparison of all three investigations, we would like to bring some 
conclusions in relationship to Slovenian identity background through aspects of color 
symbolism and psychological frames of color language. 

2.1 Samples of Anton Trstenjak 
Anton Trstenjak was PhD in philosophy and theology, beside that he was ordained a 

priest in 1931 in Maribor. He was one of the first Slovene, who made deeper researches in 
a field of color. All mentioned facts were in that times of deep socialism politically 
inappropriate and also life dangerous. Governmental behaviour was suspicious in most of 
scientific researches in which they haven’t have a proper control and knowledge what they 
mean and for what purpose they are done. They were too afraid of “bad western 
influences” which could spoil our society and out of such trivial reasons many of his 
colleges were imprisoned for many years. So, it is important to know in what kind of 
circumstances were done this first research of Slovenian color preferences. He made his 
research on a sample of 1.000 younger Slovenian students from secondary schools, among 
15 to 22 years old, 500 male, 500 female, 500 citizens and 500 from province. The 
research was supported by adequate questionnaire, based on colors of clothing and fashion. 
To make the research frame more real and understandable, he posed a questions like: 1. 
Which color is generally referred favourite at all? 2. Which color is the most prefered in 
clothes? 3. Which color is the most unpleasant at all? 4. Are they in the choice of colors 
(clothes) follow fashion or their own, irrespective of fashion? 5. Have they prefer a single 
or multi-colored dress? 6. Are they prefer to dress abstract (geometric) or specific image-
like, that they represent something? 7. Do they like the color changes, regardless of 
whether the new color is "his" or just fashionable?  
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This last question is particularly important because it is one of the main characteristics 
of each mode, precisely in the fact that rotational dictate of someone else always affect 
individual taste.  

In general, the research examined the popularity and unpopularity of colors. In making 
this determination, an important difference arises whether it is a personal preference of 
color or for its applied use. For example, someone who likes red color will not buy a red 
coat, but something more socially acceptable. In clothing, therefore we get completely 
different results. Trstenjak draw attention to this duality that, personal color preferences 
differ from socially consensual. These colors are then located in the field among indifferent 
colors. Under such, just a little bit simplified interpretation, we can better understand the 
respond to colors, based on individual emotional level with a difference of social 
consensus and rational selected colors on the other side (Trstenjak A. 1996: 310-322). 

 
Figure 1: Color preferences of Slovenian student population by A. Trstenjak (left table) 
was done in 1975, first published in 1979 and second (right table) in 2001 by M. Tusak. 

The differences in printed colors are evident. It is also obvious that the colors were meant 
more in symbolic as in colorimetric sense (Trstenjak A. 1996: 312, Tusak, M., 2001: 87-

118). 
Trstenjak research was done around 1975 and presented in his book Psychology of 

colors, edited in 1979. As the research based on his questionnaire, we may suppose that 
each participant had slightly individual interpretation of exact colors tone, what means, that 
colors were understood wider, more loose and generally. Confirmation of this thesis can be 
found in the presentation of his results (Figure 1), when Trstenjak was still alive. The table 
in Figure 1 was first presented in his book as a blue color, closer to Cian - that time called 
Process blue. In second edition Cian turn to much deeper blue, closer to Blue out of RGB 
system. Also the other colors changed, but for further analyses it is not so important for us. 

422
AIC2015 TOKYO - Color and Image



 

3 

 

This last question is particularly important because it is one of the main characteristics 
of each mode, precisely in the fact that rotational dictate of someone else always affect 
individual taste.  

In general, the research examined the popularity and unpopularity of colors. In making 
this determination, an important difference arises whether it is a personal preference of 
color or for its applied use. For example, someone who likes red color will not buy a red 
coat, but something more socially acceptable. In clothing, therefore we get completely 
different results. Trstenjak draw attention to this duality that, personal color preferences 
differ from socially consensual. These colors are then located in the field among indifferent 
colors. Under such, just a little bit simplified interpretation, we can better understand the 
respond to colors, based on individual emotional level with a difference of social 
consensus and rational selected colors on the other side (Trstenjak A. 1996: 310-322). 

 
Figure 1: Color preferences of Slovenian student population by A. Trstenjak (left table) 
was done in 1975, first published in 1979 and second (right table) in 2001 by M. Tusak. 

The differences in printed colors are evident. It is also obvious that the colors were meant 
more in symbolic as in colorimetric sense (Trstenjak A. 1996: 312, Tusak, M., 2001: 87-

118). 
Trstenjak research was done around 1975 and presented in his book Psychology of 

colors, edited in 1979. As the research based on his questionnaire, we may suppose that 
each participant had slightly individual interpretation of exact colors tone, what means, that 
colors were understood wider, more loose and generally. Confirmation of this thesis can be 
found in the presentation of his results (Figure 1), when Trstenjak was still alive. The table 
in Figure 1 was first presented in his book as a blue color, closer to Cian - that time called 
Process blue. In second edition Cian turn to much deeper blue, closer to Blue out of RGB 
system. Also the other colors changed, but for further analyses it is not so important for us. 

 

4 

 

2.2 Samples of Maks Tusak 
Psychologist Maks Tusak, who worked some time with Anton Trstenjak, also continued 

his research in the frame of improved Trstenjak’s methodology. Two decades later in 1995 
he carried out a similar survey on a sample of four different types of population on 
secondary and one elementary school in amount of more than 4000 participants. He also 
used the similar or even the same questionary method, and the results presented in Figure 2 
also showed general similarities to Trstenjak’s research. Tusak results of research are 
published in 2001 and presented on eight tables: 1st refer to male students and 2nd to female 
students of gymnasium, 3rd to male students 4th to male students of technical school, 5th to 
male students and 6th to female students of vocational schools and 7th and 8th to male end 
female of elementary school. 

 
         1      2            3       4              5        6              7         8   

Figure 2: Color preferences of Slovenian elementary and secondary school’s population 
by Maks Tusak performed in 1995 and published in 2001. (Tusak M. at all. 2001: 87-118.) 

In all 8 tables in Figure 2 it comes out that the Blue is the most prefered, except at last 
one, where the Blue color is on second place, but general amount of Blue and Violet 
together figure as common positive opposition to unlike brown (Tusak M. at all. 2001: 87-
118.). 

 

2.3 Color am le  o  nici ality la  
A decade later in year 2005, we made a research of the colors on 193 Slovenian 

municipality flags, which represent color preferences of population in a given 
environment. It was published in (Pogacar V., at all. 2006: 6 f.). The research of Trstenjak 
and Tusak present as well positive as negative and indifferent color preferences, but our 
research was focused only on positive part. Technically based or research on structural and 
histogram analysis of colors on municipality flags. We presumed that the part of historic 
flags as leftovers of the heritage were already peoples identity out of habit. On the other 
hand, we have a multitude of newly created municipalities with flags, which are also 
selected consensually in accordance with the criteria of the wider local community and, in 
principle, reflect a consensual color identity. Perhaps the colors of the flags even more 
accurate represent personal color preferences, because they are not tied to any pragmatic 
use, but linked with symbolic and presentational level. Our result was also in accordance 
with previous researches of Trstenjak and Tusak: the average of Slovenians most prefered 
color is Blue, but an additional important conclusion comes out in this research, that the 
Green appeared as second most prefered color and it takes almost a half part of positive 
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side. That way is clearly expressed tendency, which can be noticed as wide spreaded in 
nowadays Slovenia. These slightly trends were noticed in some parts of Tusak’s research 
by pupils of technical and partly in vocational and elementary schools (Figure 3).  

 
Figure 3: The everage of used colors on Slovenian municipality flags shows on the first 
place the same result as the previous researches of Trstenjak and Tusak, but in second 
place was ranked the green, which is no surprise since this is observed also in the 
nowadays Slovenian daily lives. 

3. RESULTS AND DISCUSSION 
In final study we found a lot of differences and changes over the time in color 

preferences among decades, but we found also exception, concerning to similar 
preferences in color Blue. But the most important changes in our opinion, appeared on the 
second place with Green and probably white. Green means the other half stated at the 
positive side of the color identity and its importance is increasing with the growth of 
Slovenian self-esteem. To interpret the pragmatic side of this thesis, we used our previous 
developed PCM (Periodic Color Model) (Pogacar V. 2005 and 2007), where we can 
analyse and compare symbolic meanings of prefered colors and future trends. All three 
research results given into PCM showed the general color tendencies (Figure 4).  

 
Figure 4: The interpretation in Periodic Color Model is shown general tendencies of 

the Research of Trstenjak (T1), (T2) and of Tusak (T3) and of Flags (F1). The Flag color 
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(F2) on the second place shows probably in which direction goes general color 
preferences in Slovenia nowadays.  

4. CONCLUSIONS 
And finally, all in research identified trends are already noticed in nowadays 

manifestations in sport disciplines and also on many other fields, mostly related to 
Slovenian state identity (Figure 5). But on the other hand, our State's flag doesn’t reflect 
our research conclusions at all, because it was selected under the pressure of time in a year 
of liberation (1991), when Slovenia separated from former Yugoslavia. This flag is clearly 
reflecting a heritage and conception of previous times. 

 
Figure 5: The pictures tell more than a thousand words: color identification through 
Slovene dresses on Olympic games in Sochi 2014 already confirmed predictions of our 
results in research. 
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ABSTRACT
This study compares the color schemes and design of packages of sweets in the US and Japan 

from the viewpoint of the color culture. To visualize this comparison, color charts representing typical 
Japanese and American sweets packages are presented. The central aim of the comparison is to clarify 
cultural differences in color that characterize appetizing sweets, between the US and Japan. The study 
investigates whether there are perceptible differences in the color scheme of the package design in the 
US and Japan, and if any, how different are they in the three color attributes of hue, value, and chroma.

  The research method was as follows: I purchased a total of 120 items, 20 items each of hard 
candy, chocolate, and chewing gum sold nationally, both in the US and Japan in 2013-14. Using the 
colorimeter for color management, I measured the color scheme of these packages and listed the data 
in t e orm o  co or c art  e e ata are ignificant in re ea ing t e n amenta  c t ra  i erence  
in t e ac age e ign in t e e nation  a a a e in ig t or t e fie  o  internationa  mar eting an  
graphic/package design.

 Japanese food culture has been recognized as unique in the global market, producing new items 
ann a  n t e ate t entiet  cent r  an  t e t ent fir t cent r  a ane e ro ct  an  c t re  c  
as sushi, anime, and automobiles, have been globally recognized. However, in the US and Europe, 
people still seldom see Japanese candy, chocolate, and chewing gums in local supermarkets, except in 
Japanese groceries.

  Mostly, there is a strong tendency for Japanese sweets packages to use a warm and light 
grayish color scheme, whereas American ones apply a vivid multicolor scheme. Japanese sweets 
manufacturers produce various novelty items that promote seasonal and regional marketing, whereas 
American mass-produced sweets and its coloring are generally aimed at children and their dreams. 
Therefore, the color scheme of and the images on packages of US sweets resemble American comics.
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ABSTRACT 
This study compares the color schemes and design of packages of sweets in the US and 
Japan from the viewpoint of the cultural history of color. To visualize this comparison, 
color charts representing typical Japanese and American sweets packages are presented. 
The central aim of the comparison is to clarify cultural differences in color that characterize 
appetizing sweets, between the US and Japan. The research method was as follows: I 
purchased a total of 120 items, 20 items each of hard candy, chocolate, and chewing gum 
sold nationally, both in the US and Japan in 2013-14. Using ColorMunki Design of X-Rite, 
I measured the color scheme of these packages and listed the data in the form of color 
charts. These data are significant in revealing the fundamental cultural differences in the 
package design in these nations, a valuable insight for the field of international marketing 
and graphic/package design. Generally, there is a strong tendency for Japanese sweets 
packages to use a warm and light color scheme, whereas American ones apply a vivid 
multicolor scheme. Japanese sweets manufacturers produce various novelty items that 
promote seasonal and regional marketing, whereas American mass-produced sweets and its 
coloring are generally aimed at children and their dreams. Therefore, the color scheme of 
and the images on packages of US sweets resemble American comics. 

1. INTRODUCTION 
This paper compares the color schemes of the package design of sweets in the US and 
Japan from the the cultural history of color perspective. To visualize this comparison, color 
charts representing typical Japanese and American sweets packages are presented. The 
main objective of this paper is to clarify the cultural differences in color that characterize 
appetizing sweets between the US and Japan. Hues in the color scheme of these package 
designs are primarily examined. 

Sugita reported that colors that infants see everyday largely influence the human color 
sense1. The development and innateness of color sense is still the subject under discussion. 
Even so, I hypothesized that the color scheme of the packaging of sweets can be a root 
cause of forming color culture since human beings habitually see packages of sweets from 
childhood. The result of this comparison can expose the cultural distinction in the color 
perspective and will be valuable in international marketing when exporting Japanese 
sweets. As precedence research, Birren published a series of books on color and consumer 
psychology2. Kawasome presented a paper examining the relation between food color and 

                                                 
1 Sugita, Y. 2010. 
2 Birren, F. 1961. 
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color charts representing typical Japanese and American sweets packages are presented. 
The central aim of the comparison is to clarify cultural differences in color that characterize 
appetizing sweets, between the US and Japan. The research method was as follows: I 
purchased a total of 120 items, 20 items each of hard candy, chocolate, and chewing gum 
sold nationally, both in the US and Japan in 2013-14. Using ColorMunki Design of X-Rite, 
I measured the color scheme of these packages and listed the data in the form of color 
charts. These data are significant in revealing the fundamental cultural differences in the 
package design in these nations, a valuable insight for the field of international marketing 
and graphic/package design. Generally, there is a strong tendency for Japanese sweets 
packages to use a warm and light color scheme, whereas American ones apply a vivid 
multicolor scheme. Japanese sweets manufacturers produce various novelty items that 
promote seasonal and regional marketing, whereas American mass-produced sweets and its 
coloring are generally aimed at children and their dreams. Therefore, the color scheme of 
and the images on packages of US sweets resemble American comics. 

1. INTRODUCTION 
This paper compares the color schemes of the package design of sweets in the US and 
Japan from the the cultural history of color perspective. To visualize this comparison, color 
charts representing typical Japanese and American sweets packages are presented. The 
main objective of this paper is to clarify the cultural differences in color that characterize 
appetizing sweets between the US and Japan. Hues in the color scheme of these package 
designs are primarily examined. 

Sugita reported that colors that infants see everyday largely influence the human color 
sense1. The development and innateness of color sense is still the subject under discussion. 
Even so, I hypothesized that the color scheme of the packaging of sweets can be a root 
cause of forming color culture since human beings habitually see packages of sweets from 
childhood. The result of this comparison can expose the cultural distinction in the color 
perspective and will be valuable in international marketing when exporting Japanese 
sweets. As precedence research, Birren published a series of books on color and consumer 
psychology2. Kawasome presented a paper examining the relation between food color and 

                                                 
1 Sugita, Y. 2010. 
2 Birren, F. 1961. 

 

 

human appetite. Iyenger, in her book, Art of Choosing, wrote on the issue of how people 
choose color. 

2. METHOD 
The research method was as follows. I purchased 120 items: 20 items each of hard candy, 
chocolate, and chewing gum sold nationally, both in the US and Japan in 2013-14. The 
names of stores were Wegmans, ACME, and Hudson News in New York and New Jersey; 
and 100 Lawson, Aeon, and Okashi-no-Machioka in Tokyo and Kanagawa. Both in the US 
and Japan, retail stores displayed an average of 18-30 competing products on the same 
shelves. 

Using ColorMunki Design of X-Rite, I measured the color scheme of these packages and 
listed the data in the form of color charts. I selected 100 representative colors, including 5 
colors each from 20 items. Then I sorted these 100 colors into Munsell’s 10 hues: red, 
orange, yellow, yellow-green, green, blue-green, blue, blue-purple, purple, and red-purple, 
in addition to achromatic grayscale, including white, gray, and black. Figures 1-6 represent 
the hues of hard candy, chocolate, and chewing gums, which are frequently used. 

For reference, I compare the typical colors of the sweets packages in the US and Japan in 
Munsell notations and RGB variables (Figure 7 and Tables 1-3). 

Moroever, as an example of the cultural image influencing color, I mention one case of 
sweets package and American comics (Figures 8-9). 

3. COLOR SCHEMES 

3.1. Hard Candy 

         
Figure 1: Japanese Hard Candy.         Figure 2: US Hard Candy. 

Figure 1 shows that Japanese hard candy packages tend to use warm hues, such as red to 
yellow and light gray; however, they use less green to purple. The use of warm hues and 
grayish colors gives bright and soft impression overall. Furthermore, the Japanese data 
show middle ranges of value and chroma. 

Figure 2 shows the similarity with the Japanese data, which also use warm hues. However, 
there are two differences: first, there is no use of gray, and second, there is frequent use of 
green. The tendency of not using gray in the US hard candy packages makes it look very 
colorful and vivid. The US hard candy uses low value (brightness) and high chroma 
(vividness). 
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3.2. Chocolate 

              
Figure 3: Japanese Chocolate.     Figure 4: US Chocolate. 

Figure 3 shows that the colors frequently used in Japanese chocolate packages are red, 
brown (orange and red-purple low in value and chroma), black, and light gray. Moreover, 
they use gold frequently for product logos. Red, brown, black, and gold are four hues that 
seem to be typical colors for Japanese chocolate. In Japan, black reminds bitterness and red 
reminds sweetness. Additionally, brown is in between red and black; to make brown hue, 
people mix these two colors. Typical products such as Glico’s Pocky and Lotte’s Ghana 
milk chocolate also use red packages. The bitterer taste and more cacao ingredients the 
products have, the darker are the hues of the package from brown to black.  

In contrast, Figure 4 displays the frequent color scheme in the US. They use brown, dark 
gray, yellow-green, and blue. The Hershey chocolate currently uses brown in red-purple 
hue and silver gray. American traditional chocolate snacks, such as Milky Way and Reese, 
use orange and green, which are not found in the Japanese color scheme. 

 

3.3. Chewing Gums 

               
   Figure 5:Japanese Chewing Gums.        Figure 6: US Chewing Gums. 

Both Japanese and US chewing gums frequently use yellow-green to blue-purple and silver 
(gray) for their packages. These hues represent cool, refreshing sensation of menthol flavor. 
On the contrary, they scarcely apply orange and brown for their overall background. Figure 
5 shows that the most frequent hue in Japan is silver (gray). Japanese chewing gums use 
metallic colors and do not apply many hues to give an impression of a cool, sharp feeling. 
Black is also often used to express a sharp stimulus. Moreover, Japanese have an image of 
healthiness in green color. A unique Japanese chewing gum flavor is Japanese plum, and 
its red packaging reminds one of ripe plum. 
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American chewing gums use more blue-green than those of Japanese. In terms of value, 
Japanese chewing gums use high to medium range of colors, whereas the American 
package applies low range of colors. Furthermore, Figure 6 shows that the use of orange in 
the US is more frequent than in Japan. 

 

4. BLUE COLORED SWEETS AND PACKAGE 
Quoting the article from Birren, Kawasome reported that blue food reduces appetite3. It 
seems that previous research papers have spread such stereotype to the public, especially 
package designers and food manufacturers. Therefore, food packages in Japan frequently 
use warm colors, such as red, which is confirmed in this study. However, in the US, even 
though “blue” and “fluorescent color” in food rarely exists naturally, this survey found that 
these colors are widely used in both the packaging and food. 

5. RESULTS AND DISCUSSION 

5.1. The Typical Packaging Colors of the US and Japan 

 
Figure 7: Typical Colors in Packages. 

This section compares the typical colors from the result of this survey and examines the 
cultural distinction. Figure 7 illustrates a list of typical colors used in packages, sequenced 
from the first to fifth place. The left column is of the Japanese hard candy, chocolate, and 
chewing gum, and the right column is of the US. Comparing these three types of sweets, 
the divergence of hue is remarkable, particularly in chocolate.  

In Japanese packages, the illustrative images of fruits, green tea, or milk are often used to 
inform and evoke these flavors. Accordingly, the colors of these items reflect the color of 
the packages. In Japan, the use of color in packages of long sellers, basic items versus 
seasonal, limited, or regional novelties are poles apart. The seasonal, limited ones use more 
drastic color schemes, whereas the long sellers do not often change the design and colors. 

American package design generally applies colors in high chroma and low value. Unlike 
Japanese, American sweets tend to use illustrative images of contents rather than 
ingredients. Seasonal and limited novelties are also popular in the US, but it seems that 
these are rather event based, such as Halloween, Easter, and Christmas with its symbolic 
colors4. 

                                                 
3 Okuda, H., Tasaka, M., Yui, A., and Kawasome, S. 2002. 
4 Red & green for Christmas, yellow & pink for Easter, and orange & black for Halloween. 
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Table 1. Comparison of the Typical Colors of Hard Candy in Japan and the US. 

Japan Munsell (HVC) RGB USA Munsell (HVC) RGB 

1 6.6R 4/11 179: 57: 44 1 7.6R 4/12 195: 67: 45 

2 4.9Y 6/7 187: 158: 66 2 1.9G 4/6 72: 134: 82 

3 3.5YR 5/9 213: 122: 57 3 9.2R 4/10 197: 83: 46 

4 N 8.0 207: 205: 199 4 4Y 7/9 234: 187: 65 

5 1GY 6/7 153: 161: 60 5 1.2B 6/5 88: 161: 176 

 

Table 2. Comparison of the Typical Colors of Chocolate in Japan and the US. 

Japan Munsell (HVC) RGB USA Munsell (HVC) RGB 

1 6.2R 4/11 180: 57: 50 1 N7.0 180: 181: 159 

2 8.6YR 5/5 173: 130: 72 2 0.2GY 6/7 164: 163: 59 

3 6.7R 1/3 72: 35: 29 3 1YR 1/1 49: 38: 32 

4 N8.0 207: 199: 195 4 7.6PB 3/8 65: 81: 142 

5 N1.0 32: 28: 24 5 7.3YR 4/5 137: 96: 47 
 

Table 3. Comparison of the Typical Colors of Chewing Gum in Japan and the US. 

Japan Munsell (HVC) RGB USA Munsell (HVC) RGB 

1 5.1GY 7/1 176: 181: 168 1 9.2G 4/3 82: 129: 117 

2 1.7PB 3/4 66: 96: 124 2 8GY 3/4 69: 98: 50 

3 9.2GY 5/8 78: 140: 59 3 1.3P 2/2 56: 54: 74 

4 3.3R 3/7 128: 50: 40 4 7.9RP 5/9 188: 93: 136 

5 9GY 3/4 61: 92: 49 5 1.2GY 7/1 183: 185: 169 

 

5.2 American Comics and Sweets Package 
The mass-produced snacks and sweets sold in American supermarkets and convenience 
stores are mostly for children, and its coloring is generally aimed at children and their 
dreams. Professor Story of University of Minnesota pointed out a tendency to use toys and 
cartoon characters for food advertisement to make children recognize brands5. In particular, 
M&M (Figure 8), Kellogg’s cereal, and Oreo cookies use this marketing strategy6. 

                                                 
5 Story, M., and French, S. 2004. 
6 Ibid. 
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Thus, it is predictable that the color scheme of 
these snacks and sweets packages resemble toys 
and cartoons. In Figure 9, Superman’s color, 
which are blue, green, and red shows similarity to the one used in the US sweets. In Japan 
too, children purchase sweets because of bonus toys and the popular anime cartoon 
characters that are seen on the package. Yet, the colors of Japanese toys and cartoons may 
not be as vivid as those of the US. 

6. CONCLUSIONS 
The packages of long seller sweets can become the evidence of color sense in every 
country. In Japan, warm and light colors are used in the basic long sellers, and color 
scheme variations are seen in seasonal, regional, and limited items. In the US, marketing to 
children and color scheme of American comics deeply influence the design and colors of 
sweets packages. Humankind forms the color culture by looking at these items on a daily 
basis since childhood. 

ACKNOWLEDGEMENTS 
I would like to express my heartfelt thanks to Asahi Group Foundation for their support.  

REFERENCES 
Birren, F. 1961. Color Psychology and Color Therapy, University Books. 
Iyengar, S. 2010. The Art of Choosing, Grand Central Publishing. 
Okuda, H., Tasaka, M., Yui, A., and Kawasome, S. 2002. Correlation between the Image 

of Food Colors and the Taste Sense: The Case of Japanese Twenties, Journal of 
Cookery Science of Japan 35(1), 2-9. 

Story, M. and French, S. 2004. Food Advertising and Marketing Directed at Children and 
Adolescents in the US, International Journal of Behavioral Nutrition and Physical 
Activity 1-3. 

Sugita, Y. 2010. Experience in Early Infancy for Color Perception, Journal of the Color 
Science Association of Japan 34(2) 164-167. 

Address: Dr. Kyoko HIDAKA, Department of Graphic Design, Faculty of Art and Design 
Tama Art University, 2-1723 Yarimizu, Hachioji-shi, Tokyo, 192-0394, JAPAN 

E-mail: kh2017@nyu.edu 

Figure 9: “Superman: Silver Age 
Dailies Vol. 1: 1959-1961” the 
Library of American Comics, 2013, 
Superman TM and © DC Comics, Inc. 

Figure 8: M&M Pretzel flavor in 2013. 

431
AIC2015 TOKYO - Color and Image



PS1-5

Human Monochromatic Impressions on Multichromatic / Colorless 
Phenomena and Concepts

Ayana DEGUCHI1, Akira ASANO1, Chie MURAKI ASANO2 and Katsunori OKAJIMA3 
1 Faculty of Informatics, Kansai University

2 Faculty of Human Ecology, Yasuda Women’s University
3 Faculty of Environment and Information Sciences, Yokohama National University

ABSTRACT
This research experimentally investigates human preferences and bias on colors by visual 

impressions. We made experiments on asking the participants a single color on each of phenomena 
and concepts, presented by words, based on their impressions. The importance of this experiment is 
observing what a single color is selected to express each of the phenomena and concepts which are 
e entia  i fic t to e re   a ing e co or  e re t  are e ecte  to re ect o  a ing e co or i  
selected based on human impressions, preferences, and bias.

e re ente  or  are  mmer  internet  ream  ater  time  air  ot ater  
in  inter  an  rain o  e artici ant  are a  a ane e  an  t e or  ere re ente  in 

Japanese language. The number of participants is  107.
Two interesting observations are shown in the following:

 one o  t e artici ant  an ere  green  en t e ing e co or o  rain o  a  a e  
although green is physically obviously observed in the spectrum of the rainbow and other various 
co or  ere an ere  n  one artici ant an ere  e o  green  an  artici ant  an ere  
orange  e o  an  r e  an  it i  n er tan a e ince t e  a e a goo  contra t to t e 
ac gro n  e  o e er  e  i  ometime  e ecte  t green  i  not e ecte  at a  

although green is surely found in the spectrum of the rainbow and it is clearly distinguishable from the 
background blue.

We estimate that the reason of this result is because green is adjacent to yellow in the rainbow 
and yellow is more stimulative than green. We made an additional simple experiment to support this. 

e o e  artici ant  an artificia  ra n co or tri e  containing t e ame co or  a earing in t e 
rainbow but the arrangement was interchanged. Even when it was shown on the blue background, a 
e  artici ant  e ecte  green  a  a ing e co or an er to e re  t e tri e

 e an er o  a mo t a  t e artici ant  to inter  i  ite  e artici ant  are main  
from western side of Japan. Since it does not snow so much in winter in this region, the winter scenery 
in this region is actually not white, but rather brown because of the defoliation of trees. It is estimated 
that the impression is not from their experience but from their knowledge.
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ABSTRACT
This research experimentally investigates human association of colorless or abstract con-

cepts and phenomena with a single color. This association is called affinity between con-

cepts/phenomena and colors in this research. The respondents of the experiments were asked 

to express various colorless or abstract concepts and phenomena, presented by words, by a 

single color based on their impressions. The reason why the color was selected is also asked. 

According to the experimental results, it is found that there exists a color or a category of 

colors selected by most of respondents for each of several concepts and phenomena. The 

reasons answered for such concepts and phenomena indicate that the color is selected be-

cause most of the respondents agree with an association of the concept or phenomenon with 

a common concrete object, and the color derived from the object is selected. The model of 

color affinity is also applied for the selection of a single color for expressing a multichromat-
ic phenomenon, and the existence of the affinity is observed through the experiments.

1. INTRODUCTION
Color is a human perception of a physical property of light. It indicates that a color per-

ception is caused by actual stimuli of light with a distribution of spectra (Gonzalez and 

Woods, 2008). However, it is observed that humans often visualize even abstract or shape-

less concepts and phenomena with some colors in mind, by an association of the concepts or 

phenomena with concrete objects containing some colors. For example, it is usual in Japan 

that the concept “spring season” is visualized with pink color, which is derived from cherry 

blossoms.

It is observed in the above example that a concept or a phenomenon can be associated 

with a color through the relationships between the concept/phenomenon and an intermediate 

object and between the intermediate object and the color. We call the relationship affinity 
between a color and a concept/phenomenon in this research, as shown in Fig. 1. High affinity 
indicates a tight relationship, that is, most of people select a common single color for a con-

cept/phenomenon. In case of the above example, the affinity between the concept “spring” 
and the color “pink” is high if most people agree with associating spring with pink color. 

There have been a lot of research works on the association of color with concepts (Elliot and 

Maier, 2014), whereas our experiments investigate the association of concepts with colors.

The model of color affinity is also applicable not only to abstract concepts but also to mul-
tichromatic objects. We consider the situation that one is asked to express a multichromatic 

object, which is shown not by actual things or photos but by words. If one color is preferred 

* Current affiliation: Faculty of Human Life and Environmental Sciences, Nagoya Women’s University
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* Current affiliation: Faculty of Human Life and Environmental Sciences, Nagoya Women’s University

to express the color of multichromatic ob ects, the affinity between the color and the ob ect 
in mind is high. For example, the rainbow has a continuous spectrum of colors. If a color is 
significantly preferred to express the rainbow when the respondents are as ed to express the 
rainbow in mind by one color, the affinity between the color and the rainbow is high. It is 
expected that there are cultural characteristics.

We experimentally investigated the applicability of the model of color affinity for several 
abstract and colorless concepts/phenomena, and a multichromatic object. The respondents 
of the experiments were asked to express various colorless or abstract concepts, for exam-
ple “summer,” “Internet,” etc., and a multichromatic phenomenon, “rainbow,” presented by 
words, by a single color based on their impressions. The reason why the color was selected 
was also asked. We carried out the experiments for more than 100 respondents in Japan.

It is observed through our experiments that several concepts/phenomena have high affin-
ity with specific colors, and some have high affinity to specific color categories. The inter-
mediate objects are also observed in these cases. The result for the multichromatic phenome-
non,“rainbow,” indicates that all colors in the spectrum is not evenly selected and the affinity 
with a specific color is observed. It is shown by an additional experiment that the affinity is 
in uenced by the bac ground color and the arrangement of color stripes in the rainbow.

2. EXPERIMENTS
Our experiments are based on questionnaires for respondents. The respondents of the ex-
periments are restricted to those who have mainly lived in Japan, in order to control the 
dependence on culture and circumstance. The following words, which were in Japanese in 
the experiments, were presented to each respondent. These words indicate colorless and/or 
abstract concepts and phenomena, and one multichromatic phenomenon, “rainbow.”

t a t n t  an  n na
“spring”, “summer”,  “Internet”,  “dream”, “winter”, “time”, 

 n na
“water”,  “hot water”, “air”, “wind”

ti ati  n na
“rainbow”

concept object color

affinity

spring cherry 
blossom pink

affinity

i     f  affinity  
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The respondents were requested to answer a color in mind by a word for expressing each of 
the presented words. The answer was strictly restricted to a word expressing one single color. 
The respondents were also requested to answer the reason why the answered was selected 
for each of the concepts and phenomena. The number of the respondents is 107, and most 
of them are university students in Osaka, middle western city of Japan. Some of them are 
“friends” of Akira Asano, one of the authors, on Facebook, living in Japan.

3. RESULTS AND DISCUSSION
We show the results of the experiment for several concepts and phenomena where interest-
ing characteristics on the affinity were observed. 

3.1 “summer”
Figure 2 shows the number of respondents who answered each color to the concept “sum-
mer.” The number on each bar indicates the number of respondent who answered each color. 
The result shows that 49.5% of the respondents answered “blue” to “summer.” According to 
the reasons answered by the respondents, 88.7% of the respondents selecting “blue” associ-
ated “blue” with “sea” or “s y.” It is observed that the affinity between “summer” and “blue” 
is high, and the intermediate ob ect in the color affinity model is “sea” and “s y.” 

3.2 “winter”
Figure 3 shows the number of respondents who answered each color to the concept “winter.” 
The result shows that 76.9% of the respondents answered “white” to “winter.” According to 
the reasons answered by the respondents, 98.8% of the respondents selecting “white” asso-
ciated “white” with “snow.”  It is observed that the affinity between “winter” and “white” is 
very high, and the intermediate ob ect in the color affinity model is “snow.” 

The participants are mainly from around Osaka, middle western city of Japan. Since it  
snows only several days in one winter in this region, the winter scenery in this region is usu-
ally not white, but rather brown because of the defoliation of trees. The impression may be 
not from their actual experience but from their knowledge.
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The respondents were requested to answer a color in mind by a word for expressing each of 
the presented words. The answer was strictly restricted to a word expressing one single color. 
The respondents were also requested to answer the reason why the answered was selected 
for each of the concepts and phenomena. The number of the respondents is 107, and most 
of them are university students in Osaka, middle western city of Japan. Some of them are 
“friends” of Akira Asano, one of the authors, on Facebook, living in Japan.

3. RESULTS AND DISCUSSION
We show the results of the experiment for several concepts and phenomena where interest-
ing characteristics on the affinity were observed. 

3.1 “summer”
Figure 2 shows the number of respondents who answered each color to the concept “sum-
mer.” The number on each bar indicates the number of respondent who answered each color. 
The result shows that 49.5% of the respondents answered “blue” to “summer.” According to 
the reasons answered by the respondents, 88.7% of the respondents selecting “blue” associ-
ated “blue” with “sea” or “s y.” It is observed that the affinity between “summer” and “blue” 
is high, and the intermediate ob ect in the color affinity model is “sea” and “s y.” 

3.2 “winter”
Figure 3 shows the number of respondents who answered each color to the concept “winter.” 
The result shows that 76.9% of the respondents answered “white” to “winter.” According to 
the reasons answered by the respondents, 98.8% of the respondents selecting “white” asso-
ciated “white” with “snow.”  It is observed that the affinity between “winter” and “white” is 
very high, and the intermediate ob ect in the color affinity model is “snow.” 

The participants are mainly from around Osaka, middle western city of Japan. Since it  
snows only several days in one winter in this region, the winter scenery in this region is usu-
ally not white, but rather brown because of the defoliation of trees. The impression may be 
not from their actual experience but from their knowledge.
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3.3 “Internet”
Figure 4(a) shows the number of respondents who answered each color to the concept “In-
ternet.” It indicates that no specific color is closely related to this concept, and no affinity 
between “Internet” and any color is observed. Figure 4(b) shows the result by categorizing 
the answered colors into warm, cool, neutral, and achromatic colors. It shows that 56.2% of 
the respondents selected achromatic colors to express “Internet.” The reasons answered by 
the respondents selecting achromatic colors were mainly negative impressions, for example 
“network crimes,” “mixture of good and bad things,” and “complex chaos.” It suggests that 
a concept related to negative idea may be associated with achromatic colors.

30

0

23

15

8

28 29

21

8

19

gray blue white yellow others

60

0

45

30

15 11

34

1

59

warm cool neutral achro-
matic

i   t  f  nt n t  a  f    an t  at i ati n

a

32

0

24

16

8

22

18 17

15

32

pink purple yellow white others

60

0

45

30

15

54

8

20
22

warm cool neutral achro-
matic

i   t  f  a  a  f    an t  at i ati n

a

435
AIC2015 TOKYO - Color and Image



3.4 “dream”
Figure 5(a) shows the number of respondents who answered each color to the concept 
“dream.” It indicates that no specific color is closely related to this concept, and no affinity 
between “dream” and any color is observed. Figure 5(b) shows the result by the categoriza-
tion similar to Fig. 4(b). It shows that 51.9% of the respondents selected warm colors to ex-
press “dream.” The reasons answered by the respondents selecting warm colors were mainly 
positive impressions, for example “brightness” and “hope.” It suggests that a concept related 
to positive idea may be associated with warm colors.
 
3.5 “rainbow”
Figure 6 shows the number of respondents who answered each color to the multichromatic 
phenomenon “rainbow.” No affinity to any specific color is observed, but orange, yellow, 
purple, and red are preferred. The reasons answered by the respondents selecting warm col-
ors were mainly “significant,” “impressive,” and “beautiful in the bac ground blue s y.” 
The reasons for “purple” were mainly “significant,” “impressive,” “purple is on the edge of 
the rainbow.” Such answers as “The rainbow is watched in the cool sky” were found as the 
reason for cool colors.

It is interesting that none of the respondents answered “green,” except one answer of “yel-
low-green,” although green is physically obviously observed in the spectrum of the rainbow. 
We assumed a hypothesis that green is difficult to remember because the contrast between 
green and the background blue sky, and that between green and adjacent colors. A photo of 
the actual rainbow is shown in Fig. 7 for reference. We carried out two small experiments 
to confirm the hypothesis. We showed respondents 1  a color stripe similar to the rainbow 
with blue background on a display, and 2) the same color stripe with orange background, and 
asked which color was remembered best. The results was that warm colors were preferred 
in case 1), whereas in case 2) some respondents answered that blue and green were easy to 
memorize. We also showed a rearranged color stripe where green was between red and or-
ange, and asked the same question. The result was that some respondents answered that blue 
and green were easy to memorize, also in this case. These results suggests that the results 
depend on contrasts among neighboring colors. 
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4. CONCLUSIONS

This research considers a model of color affinity, which means the association of an abstract 
or colorless concept/phenomenon with a color via an intermediate concrete object. We ex-
perimentally investigated the applicability of the model to several concepts and phenomena. 
We also investigated the applicability to a multichromatic object. We expect that further 
investigation of colors derived from concepts and phenomena may yield the inverse relation-
ships, i. e. concepts or phenomena derived from colors.

The dependence of color affinity on each culture is an interesting problem. When we 
asked university students in Thailand to express the rainbow in one single color, 12 of 37 
students selected green. The result was different from our experiments in Japan, and it is said 
that green is preferred in a lot of situations in Thailand.
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1 Photographed by Akira Asano in Kansai University Takatsuki Campus, Osaka, Japan, on Apr. 4, 
2014.
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ABSTRACT
How to create a colour education that fosters price-winning design students?
An example from the Linnaeus University in Sweden.

Background.
The colour education of today is an important building block for all future design. If we can 

provide our students with state of the art colour education we will get the best future design when it 
comes to the use of colours. That will include all kinds of design e.g. graphic design, architecture and 
product design.

In 2014 there was a national competition called Awarded Colour, organized by Swedish Colour 
Centre Foundation that celebrated their 50 years anniversary. The competition was open to all students 
o  e ign  arc itect re  fine art gra ic e ign an  a erti ement  e ign t ent  rom t e re ati e  
small product design programme at the Linnaeus University won two out of three awards.  

A prizewinning concept for color education.
The subject of colour is introduced very early in the programme. 
Students of product design have two weeks of colour theory and workshops in their first 

semester. In this basic theoretical course the students get to know different colour systems and the 
advantage of using systems to think, visualise and communicate colour. In the workshops they can 
train their eyes and skills in mixing and combining colours with an increasing degree of complexity. 
The workshop ends with a task where students explore the use of colours in different contexts such as 
art, architecture, visual communication, design and in other cultures. 

This lays a ground for four more weeks of colour projects with a researching approach. The 
students phrase their own colour questions and seek answers through research and visual colour 
representations. In the second year there is a progress in understanding different contexts of colour. 

e t ent  contin e it  ig t t eor  an  ig t ro ect  or fi e more ee  an  t en rocee  it  
ig t an  co o r in ace conte t  or anot er fi e ee

To ensure that the students will train and use their colour skills throughout their entire study 
period the students are asked to present and motivate the chosen colours in every project they do. That 
makes them always remember that the aspects of colour are as important as any other design aspect 
when it comes to the visual expression.

The students are also asked to participate as subjects in colour research projects to make them 
a are t at co o r re earc  i  a ge fie  it  man  i ci ine  in o e  an  man  e tion  emerging 
from their colour studies can actually be research questions and lead to colour research projects. 

The three-fold strategy, early introduction, emphasis on colour and continuous progression, 
has proved to be successful. The fact that students from the product design programme at Linnaeus 
University could win two out of three awards for best colour design is a clear indication of that.

 

 

How to create a colour education that fosters price-
winning design students 

Ivar JUNG  
Department of Design, Linnaeus University, Sweden 

ABSTRACT 
This paper has the objective to describe a price-winning approach to colour education. The 
colour education of today is an important building block for all future design. If we can 
provide our students with state of the art colour education we will get the best future design 
when it comes to the use of colours. That will include all kinds of design e.g. graphic 
design, architecture and product design. 

   In 2014 there was a national competition called Prisad Färg (Award-winning Colour) 
organized by Swedish Colour Centre Foundation that celebrated its 50 years anniversary. 
The competition was open to all students of design, architecture, fine art, graphic design 
and advertisement. Design students from the product design programme at the Linnaeus 
University won no less than two out of three awards. 

   The subject of colour is introduced very early in the programme. Students of product 
design have two weeks of colour theory and workshops in their first semester. In this basic 
theoretical course the students get to know different colour systems and the advantage of 
using systems to think, visualise and communicate colour. In the workshops they can train 
their eyes and skills in mixing and combining colours with different amount of complexity. 
The workshop ends with a task where students explore the colour language in different 
contexts and cultures. This lays a ground for four more weeks of colour projects with a 
exploratory approach. The students phrase their own colour questions and seek answers 
through research and visual colour representations. In the second year students progress to 
understanding different contexts of colour. The students continue with light theory and 
light projects for five more weeks and then proceed with light and colour in space contexts 
for another five weeks. The three-fold strategy: early introduction, emphasis on colour and 
continuous progression, has proved to be successful. 

1. INTRODUCTION 
Colour education is not a priority issue for the main part of Swedish design and 
architectural education. The competition, Awarded-winning colour, was in itself an attempt 
to emphasize the importance of colour education on a university level as a seed for 
advanced future colour design and colour research. 

   To express yourself you need a language. Colour is an important part of the language of 
visual communication. It is used more or less consciously in the fields of art, design, 
architecture and visual media. If we regard colour as a media for communication we need 
to provide our design students with the best tools for using that language. The more skilled 
the students are in the language of colour, the more they use it and also dare to make 
advanced colour design. An uncertain and unskilled designer tend to use only "safe" 
colours and colour combinations and can not use the variety of possibilities in the language 
of colour to create an excellent design. 
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understanding different contexts of colour. The students continue with light theory and 
light projects for five more weeks and then proceed with light and colour in space contexts 
for another five weeks. The three-fold strategy: early introduction, emphasis on colour and 
continuous progression, has proved to be successful. 

1. INTRODUCTION 
Colour education is not a priority issue for the main part of Swedish design and 
architectural education. The competition, Awarded-winning colour, was in itself an attempt 
to emphasize the importance of colour education on a university level as a seed for 
advanced future colour design and colour research. 

   To express yourself you need a language. Colour is an important part of the language of 
visual communication. It is used more or less consciously in the fields of art, design, 
architecture and visual media. If we regard colour as a media for communication we need 
to provide our design students with the best tools for using that language. The more skilled 
the students are in the language of colour, the more they use it and also dare to make 
advanced colour design. An uncertain and unskilled designer tend to use only "safe" 
colours and colour combinations and can not use the variety of possibilities in the language 
of colour to create an excellent design. 

 

 

2. SYSTEMATIC COLOUR EDUCATION 

The aim of colour education at the product design BA programme at Linnaeus University, 
Sweden is to provide the students with skills to concisely use colour as a tool to make a 
more efficient design. 
   To discuss colours students normally use our everyday language and use traditional 
colour names. However, in order to engage in a professional discussion about colours the 
spoken language has to be complemented with an efficient and precise vocabulary. 
Therefore one of the first steps is to provide the students with a common language 
regarding colours. At Linnaeus University, we have found the NCS colour system (Hård et 
al 1996) a helpful tool for communication about colour and colour combinations. One of 
the great advantages with this system is that it allows students to visualise the relations 
between colours in a visual system consisting of the colour wheel and colour triangles. The 
same basic structure is also found in other colour systems as e.g. Munsell. NCS is also 
useful for the students to discover that the naming of colours regarding hue, and perceived 
amount of blackness, chromaticness and whiteness is a tool for making cognizant colour 
combinations. 
   The students learn that there is a variety of different colour systems used for different 
purposes and in alternative contexts. They learn about Munsell, Pantone, CIELab, CMYK, 
RGB and how they are related. The main language used in the learning program is the 
NCS system, mainly because it is clearly based on human perception, easy to understand 
for students and easily communicated. The design students appreciate the visual 
representation, which helps them to work with colours in a systematic way. 
   The foundation of understanding of colour systems makes it is easier for students to 
proceed to understand different theories regarding colour combinations. The students 
explore in theory and practice different principles of colour combinations such as 
complementary colours, likeness and contrasts regarding chromaticness, hue, blackness 
and whiteness. The students make colour combinations of increasing complexity in 
workshops and write down their analyses and reflections. At first they have to make their 
colour work physical with gouache and acrylic colours to give the students a sense of the 
colour pigments and materiality of colour. The next step is to explore the possibilities of 
working with colour in the digital world in different computer programmes. 

 

3. COLOUR AND CULTURE 

To explore the language of colour the students, on their second week of colour education, 
are given sixteen different words such as "warm", "cold", "young", "old" that they are 
asked to express with colour chords consisting of three chosen colours in a given form. 
This can be compared with a musical chord consisting of three notes. The colour chords 
are organized on the wall in groups where all chords made from one of the words are 
clustered together. In this way it is possible to see if there is a common colour language for 
those words (Figure1). The result is that certain words have a clear likeness when it comes 
to the chosen colours, while other words have a wider variety. This is a good opportunity 
for starting a discussion and exploring if there is such a thing as a common colour language 
and to what extent it is primarily cultural, contextual or individual. To explore these 
matters the students have to research the use of colours in different contexts, such as art, 
design, packaging, architecture and visual communication. They also look into the use of 
colours in different parts of the world, in different cultures and in different historical 
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contexts. This gives a broad understanding of the use of colours and colour combinations 
in different cultural contexts. 

 
Figure 2: Students analysing their colour chords from different words 

 

   The three-week-long theoretical and practical block evokes new questions for the 
students. These are channelled into an individual research question that the student will 
explore theoretically and practically for further three weeks. The result is presented to the 
group and also documented in an individual workbook where the teachers can follow the 
students individual work process, which includes reflections and further questions raised 
during the project. 

4. LIGHT AND SPACE 

In the second year the students are supposed to gain a deeper understanding of the 
perceived colour in relation to light and space. Students explore/observe their perception of 
colour in different environments and spaces and systematically write down and discuss 
their observations. The students learn how the perceived colour changes under the 
influence of different light and spatial conditions. The students build models where they 
make experiments with light and colours. They also make full-scale experiments with 
different light sources and different lighting design before they make their own design of a 
lamp and build it as a functioning prototype. This creates knowledge of the complexity of 
the relation between perceived colour and the contexts. The basic theory can be found in 
books but students also need to explore and see how colours in light and space are really 
perceived and experienced in the real context, to be able to have a full understanding of the 
impression of light and space on colours. 
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   To ensure that the students will practice and use their colour skills throughout their entire 
study period they are asked to present and motivate the chosen colours in every project 
they do. That helps them always remember that the aspects of colour are as important as 
any other design aspect when it comes to the visual expression. 

5. COLOUR RESEARCH 
It is important to connect the colour education to current colour research. In the library the 
students can find literature with colour research to inspire them and inform them, but the 
students are also used as subjects in various colour studies, both in the lecturers' own 
projects and in studies carried out by researchers from other universities. In one of the 
design department's own research studies, 20 students compared perceived colours in glass 
with 1950 NCS opaque colour charts (Figure 2) and also with NCS colour charts on a 
computer screen (JUNG et al 2011). In another international linguistic study, 20 students 
participated and listed Swedish colour names to be compared to colour names in ten other 
languages. This student participation creates an interest and understanding of colour 
research. It also shows the dignity and variety of the field of colour. Participation points 
out the possibility for a future career in research, which may be about questions identified 
during their colour education that have not yet been answered.  

 

 
Figure 2: Student participating in research study, perceived colour in glass. 
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6. CONCLUSIONS 

It is essential to introduce colour at an early stage of the BA programme. This means that 
the students are considering colour as a part of their design and a part of the visual 
expression. If not introduced early, colour will just be something added to the design at the 
end and not an integrated part of the design process. Students have different skills and 
levels of experiences when it comes to colour when they arrive on the programme. This 
emphasises the need for learning and practicing a colour system, which can be a language 
that helps the student to think about and communicate colour in a precise way. The 
introduction of colour systems in general and NCS in particular creates a possibility for 
students to visualise and understand the relations between colours in their future work. The 
conclusion is that it is the clear strategy for colour education that is repeatedly 
implemented throughout the entire programme that fosters award-winning students. 
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ABSTRACT
t i  e no n t at c t re ecific e erience  ma  trong  in ence a ic a ect  o  o or 

perception (Ayabe-Kanamura et al., 1998). Differences in terms of odor-color association might 
therefore be culturally specific. Consistent associations between specific colors and odors mainly 
re ate  to oo  a e een confirme  recent  aric  ac ot   t i  e  no n t at c t re

ecific e erience  it  o or  ma  in ence i erent a ect  o  o or erce tion c  a  inten it  
pleasantness or edibility. Previous studies have demonstrated significant differences in odor-color 
associations between French-Lebanese and Taiwanese groups. These results indicated that these 
differences could arise from cultural differences in the odors function (especially in terms of edibility) 
and colors symbolism (Barbar, Maric and Jacquot, 2014).

The purpose of the present study was to assess the cultural impact on the relationship between 
odor and color on one hand, and on the parameters of the smell on the other hand, within the same 
country, Lebanon, unlike preliminary studies that evaluated the cultural effect between two different 
countries. To assess this cultural effect, sensory analyzes were performed on 200 subjects in two 
Lebanese regions: Zahleh representing the rural community, and Kaslik representing the urban 
community. The experiments were based on a set of 18 odors, some of them are internationally 
recognized, others nationally, and some mainly recognized in the rural areas. Statistical analyzes 
re ea e  a c t ra  im act  gi en t e e i tence o  ignificant i erence  or ome o or  S a ot  core 
the biggest difference, where it is recognized in the urban area, and therefore the choice of color is 
more appropriate. Caramel, smoke, orange blossom, molasses and Jellab (the last two being national 

e ane e o or  a o o  ignificant i erence  in co or c oice et een t e t o region  Simi ar  
scores of familiarity, of intensity, pleasant ness and edibility indicate some differences for few odors. 

e e en or  ana e  a e o n or t e fir t time t e im act o  c t re on t e re ation i  et een 
odor and color, between rural and urban areas.
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ABSTRACT 
The purpose of this study was to assess the intra-cultural impact on the relationship 
between odor and color on one hand, and on the parameters of the smell on the other hand, 
within the same country, Lebanon, unlike the preliminary studies that evaluated the 
cultural effect between two different countries. To assesss this intra-cultural effect, sensory 
analyzes were performed on 200 subjects in two campus of the Holy Spirit University: two 
regions were considered, Zahleh campus representing the rural community, and Kaslik 
campus representing the urban community. The experiment was based on a set of 24 odors, 
some of them are internationally recognized, others nationally, and some of them are 
mainly recognized in the rural area.  Statistical analyzes revealed anintra-cultural impact, 
given the existence of significant differences for some odors: shallots score the biggest 
difference, where it is more recognized in the urban area and more familiar, and they link it 
to brown color while at Zahleh it is linked to black color.  Caramel, smoke, orange 
blossom, molasses and Jellab (the last two being purely national odors) also show 
significant differences in color choice between the two regions. Similarly, scores of 
familiarity, of intensity, pleasantness and edibility indicate some differences for few odors. 
These sensory analyzes have shown for the first time in Lebanon the impact of habits, 
environment and lifestyle on the relationship between odor and color, between rural and 
urban areas. 

1. INTRODUCTION 
 According to UNICEF                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
(2012) the definition of „urban‟ varies from country to country, and, with periodic 
reclassification, can also vary within one country over time, making direct comparisons 
difficult. An urban area can be defined by one or more of the following: administrative 
criteria or political boundaries (e.g., area within the jurisdiction of a municipality or town 
committee), a threshold population size (where the minimum for an urban settlement is 
typically in the region of 2,000 people, although this varies globally between 200 and 
50,000), population density, economic function (e.g., where a significant majority of the 
population is not primarily engaged in agriculture, or where there is surplus employment) 
or the presence of urban characteristics (e.g., paved streets, electric lighting, sewerage). 
The task of defining urban population has always been particularly challenging. The 
United Nations itself recognizes the difficulty of defining urban areas globally, stating that, 
“because of national differences in the characteristics that distinguish urban from rural 
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areas, the distinction between urban and rural population is not amenable to a single 
definition that would be applicable to all countries  (U , 1 )  ural areas are usually 
defined as “what is not urban  (UN, 1998 and 2004), and so inconsistencies in the 
definition of what is urban lead to inconsistencies in characterizing what is rural. In 
Lebanon , Kaslik area is considered as urban, due to the fact that the definition given by 
the UNICEF for urban cities is applicable on it. While Zahleh is considered as rural. 

Crossmodal correspondence is one of the terms that have been used to describe the 
tendency that people have to associate certain features, or stimuli across the senses 
(Spence, 2011). 

 Throughout the years the relationship established between different senses attracted 
the attention of researchers, in particular the relationship between vision and hearing. 
While the intermodal correspondence between vision and olfaction has been less studied, it 
has been proven that this relation is consistent and durable. Various studies highlighted 
those facts: subjects noted the same results when the same sensory analysis were repeated 
after two years (Wada et al.,2012 ; Maric & Jacquot, 2013). 

 Previous studies showed that people tend to match basic tastes with a host of other 
non gustatory stimuli such as color (Spence et al., 2010) or shapes (Spence and Deroy, 
2014). On the other hand growing number of studies started to investigate cross-cultural 
differences in the way in which people match gustatory information with non gustatory 
ones. For instance, Levitan et al. (2014)investigated color-odor association between 6 
different cultural groups. While Velasco et al. (2014) studied the color-flavor association 
between 3 different countries.  Wan et al. (2014) showed cross-cultural differences in 
crossmodal correspondences between basic tastes and visual features between 4 
countries.Maric et al.investigated in 2012 cross cultural differences between Lebanese and 
French populations. 

 These cross cultural studies have been carried out from two points of views: to 
understand cultural differences in food acceptance and preference (Yeh et al., 1998) and to 
evaluate the effect of individual experience and knowledge of odors and colors, on odor 
and color perception, in order to understand how olfactory stimuli or visual stimuli 
influence psychology and behavior (Hudson & Distel, 2002). But while these studies 
evaluated the cross-cultural differences, rare are the studies focusing on the differences in 
one culture (one country).  

 The aim of the present study is to focus on the intra-cultural effect within the same 
country, Lebanon. The intra-cultural differences related to habits, environment and 
lifestyle between Zahleh (rural area) on one side and the urban area Kaslik on the other, 
were investigated in orderto analyze their impact on the odor-color association, on 
familiarity, pleasantness and edibility. The effect of the geographic area of residence can 
stimulate potential differences between the perception of the color-odor relationship among 
those residents in rural and urban areas in Lebanon. 

  

2. METHOD 

2.1 Sample Preparation 
Participants: 
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Two hundred participants, aged between 18 and 60 years were recruited for these 
experiments, 100 from the rural area of Bekaa and 100 from the urban area of Kaslik in 
Lebanon.For the coastal region of Kaslik, subjects were either students or employees of the 
Holy Spirit University of Kaslik. In Zahleh participants were either students or residents of 
the region of Zahleh. Taking into consideration the differences between residents in both 
areas: Zahleh residents usually live, study and work in Zahleh so they are practically 
growing on the rural traditions of their area, where they are more engaged in agriculture 
and more familiar with the Lebanese "mouneh", which is a Lebanese word used to describe 
the fact of preserving food. Mouneh is prepared during the summer months in order to be 
consumed during the harsh days of winter. The main purpose is to transform foods that 
perish into foods with long shelf life, durable, lasting throughout a whole season. While 
Kaslik citizens are less familiar with these traditions.All subjects were naive about the 
stimuli. It was recommended not to wear perfume on the day of the experiment nor to eat 
or drink coffee 30 minutes before the session.The subjects were also tested for 
abnormalities of vision using the Ishihara test. 

Olfactory Stimuli: 

18 natural food and floral odors were chosen as olfactory stimuli. Our selection aimed 
firstly, to cover a wide variety of odors related to food and drinks, and secondly, to raise 
the intra-cultural differences of the same color-odor association for national aromas. To 
evaluate the level of the relationship between odors and colors, we chose two similar odors 
(peppermintvs. chlorophyll; lime vs. lemon).All odors were presented in a single aromatic 
intensity, except for the smell of plum (yellow fruit Mirabelle, specialty of the French 
Lorraine region), which was presented twice, with two different intensities. The samples 
were preparedby injecting 1 ml of each odor in a small piece of cotton placed in a little 
opaque glass vial. No visual factor was therefore present. 

The samples were identified by three-digit codes and refrigerated between each two 
sessions. Samples were placed at room temperature 15 minutes before the analysis.The 
samples of international odors (rose, violet, orange blossom, lavender, cucumber, wild 
strawberry, lime, lemon, pineapple, smoked, shallot, caramel, chlorophyll, peppermint, 
mirabelle (high intensity), mirabelle (low intensity)) were purchased from the laboratories 
Mathé (Maxville, France), using the corresponding essential oils, while the two national 
odors (pomegranate molasses, jellab) were prepared in the Holy Spirit University of Kaslik 
campus. They were purchased directly from the products of the market (Kasatlé Chtoura 
brand). 

Visual stimuli: 

24 different color patches (4cm in diameter) were presented in a color chart. This color 
chart consisted of a white A3 size page containing twenty-one color patches arranged in 
circle from red to purple, and three achromatic colors (white, grey, black) presented 
separately in the lower left corner. Each color patch was identified by a code (one capital 
letter and one figure). Color charts were printed on coated paper. The print was calibrated 
to ensure consistent colors between participants. L*a*b coordinates were measured for 
each color chip by means of a Datacolor system ( antone  olor ision  pyder aster 
Suite Spectro), and converted in L*C*H* (Lightness, Chroma, Hue) coordinates, to get the 
exact position in the CIELAB color space (Figure 1). 
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Figure 1:the color chart used in sensory analysis 

2.2 Experimental Procedure 
Task location and procedure: 

In each area, sessions were conducted in sensory testing facilities with separated booths. 
Each testing booth had white walls and standardized white light source. After completing 
the Ishihara Color Vision test, each subject was presented with the olfactory stimuli in a 
random order, and with the color chart. For each olfactory stimulus, participants were 
asked to open the glass bottle and smell its content orthonasally. Afterwards, participants 
were instructed to select among the 24 color patches one color that they felt closely 
matched the odor. After having made their choice, they rated the difficulty of odor-color 
association and the odor perceived intensity, familiarity, pleasantness, and edibility. 
Participants were not required to name the odors they smelled.  

Data analysis: 

All data were processed by SPSS 16. 

3. RESULTS AND DISCUSSION 
 

3.1 Relation between odor and color 
Choice of color for each odor: 
The results revealed that the participants of each area did not choose colors uniformly but 
rather tended to choose some colors over others when matching the odors. Indeed, all 18 
olfactory stimuli led to significant preferences in the choice of color (p < .05 in all cases) in 
both areas. 

Among the odors tested for the study, six indicated a significant difference in the choice of 
a color for a specific odor, between the two areas of Kaslik and Zahleh: caramel 
(p=0.04<0.05), shallot (p=0.00<0.05), orange blossom(p=0.00<0.05),smoked 
(p=0.01<0.05), pomegranate molasses (p=0.035<0.05) and jellab (p=0.036<0.05). 

For both Zahleh and Kaslik residentswe could note that the participants have registered in 
their majority  the light brown color (or honey-color) as being the color of caramel but the 
difference lies in the choice of both purple and yellow color in Kaslik and brown color in 
Zahleh (Khi-Square=29.78, dl=21, p= 0.04<0.05) 
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Shallot registered a significant difference (Khi-Square= 39.36, dl=17, p=0.00<0.05) in the 
choice of associated colors between Zahleh and Kaslik. Zahleh residents tend to choose 
black and grey colors while Kaslik residents tend to choose the browncolor. 

Orange blossom registered a significant difference (Khi-Square= 46.88, dl=23, 
p=0.00<0.05) in the choice of odors among both areas (Figure 2). So there is a relationship 
between the choice of color for orange blossom odor and the regions (urban vs. rural) 
where participants of the urban area of Kaslik have chosen in their majority the white color 
and more frequently the color pink, whereas in Zahleh the majority chose pink and gray 
colors. 

 
 

Figure 2:Graph representing the difference in the choice of color for the smell of orange 
blossom between Zahle and Kaslik 

 

Smoke odor indicated a significant difference between the twolocations and the choice of 
color (Khi-Square= 34.11, dl=19, p=0.01<0.05). The most dominant color given by 
subjects of Kaslik is brown while in Zahleh the choice of color is more diversified tending 
to black and gray. 

Pomegranate molasses recorded a significant difference (Khi-Square= 33.25, dl=22, p= 
0.035<0.05). Zahleh subjects selected the color brown while Kaslik citizens selected in 
their majority the white color followed by the light pink.  

Jellab displayed a significant difference (Khi-Square= 33.521, dl=23, p=0.036<0.05). The 
majority of participants in urban area of Kaslik selected the white color. While the 
participants of Zahleh selected pink, purple and red colors. 

 

Difficulty of associating a color with an odor in the two areas: 
Three odors registered difficulty of association with a color. They revealed a significant 
difference between the difficulty of association and the two areas: Pineapple; Peppermint; 
Chlorophyll. 
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Participants of Kaslik area found it more difficult (than Zahleh participants) to associate a 
color for these 3 odor samples: Pineapple (Khi-Square= 4.554, dl=1, p=0.033<0.05), 
peppermint (Khi-Square=3.910, dl=1, p=0.048<0.05) and chlorophyll (Khi-Square=3.910, 
dl=1, p=0.048<0.05). 

 

3.2 Odor Parameters 
Odor intensity : 
The only significant difference was found for the odor of cucumber. Data analysis 
indicates that the mean intensity chosen by participants in Zahleh area is 5.60, superior to 
the mean in Kaslik which is 4.03. Moreover, the difference between the two regions is 
significant. So there is a relationship between the region and the average intensity detected 
for cucumber odor. 

Odor familiarity:  
Among the odors, data analysis detected significant differences in odor familiarity between 
Zahleh and Kaslik for 4 odor samples: Shallot, smoked, jellab and mirabelle (high 
intensity). 

The mean value of familiarity parameter of shallot for Zahleh is 5.77 which is inferior to 
Kaslik (7.05). And there is a significant difference between the 2 areas (t-test= -2.163, 
dl=192, p=0.031<0.05) which indicates that Kaslik citizens tend to find shallot odor more 
familiar than Zahleh participants.  

The mean value of familiarity score for smoked odor in Zahleh is 6.44 inferior than the 
mean in Kaslik (7.81). In addition, there is a significant difference between the two regions 
(t-test= -2.32, dl= 184, p=0.021<0.05). Therefore there is a relation between the area and 
the familiarity for the smoked odor. Kaslik participants found smoked odor familiar while 
in Zahleh the answers were heterogenic, some participants found it familiar while others 
did not. 

Jellab odor shows a mean value of familiarity of 6.90 in Zahleh and of 5.62 in Kaslik with 
a significant difference (t-test= 2.338, dl= 188, p= 0.020<0.05). Residents in Zahleh 
foundjellab odor more familiar than those living in Kaslik. 

Mirabelle (high intensity) registered a mean familiarity score of 6.62 in Zahleh and of 7.68 
in Kaslik. In addition significant difference was found between familiarity and area (t-test= 
-2.075, dl= 189, p= 0.039<0.05). Mirabelle (high intensity) was found to be more familiar 
in Kaslik. 

Odor pleasantness : 
Shallot registered the only significant difference among the 2 regions (t-test= -2.806, 
dl=186, p=0.038<0.05). Data analysis recorded a mean value for pleasantness for Zahleh 
residents (1.93) inferior to Kaslik (2.95). Kaslik citizens registered shallot odor as more 
pleasant. 

Odor edibility: 
Four odorsscored a significant difference between Zahleh and Kaslik concerning their 
edibility: shallot, rose, lime and mirabelle (low intensity). 

The difference between the two variables, area and odor edibility for shallot was registered 
as significant (Khi-Square= 5.602, dl=1, p= 0.018<0.05). That indicates the presence of a 
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relation between odor edibility and area of living. Kaslik residents still finds it more edible 
than Zahleh residents. 

Rose odor samples registered a significant difference between the two variables area of 
living and odor edibility (Khi-Square=7.681, dl=1, p=0.0006<0.05). Both areas tend to 
describe it as edible. But Kaslik residents tend to find it more edible than Zahleh 
participants. 

Significant difference was found in lime odor between the two variable odor edibility and 
area of living (Khi-Square=4.638, dl =1, p= 0.031<0.05). Both regions tend to consider 
lime odor as edible but Kaslik residents describe it as more edible than Zahleh residents. 

The difference between odor edibility and region for mirabelle (low intensity) was found to 
be significant (Khi-Square=4.058, dl=1, p=0.034<0.05). Both regions tend to describe it as 
edible, but Kaslik residents tend to describe it as more edible. 

 

3.3 General discussion 
 Among the 18 odor samples used in this study, shallot odor revealed the most 
striking difference between Kaslik and Zahleh. Residents of urban area (Kaslik) find 
shallot odor familiar, more pleasant, more edible and link it to brown color in comparison 
with Zahleh residents who linked it to black color. This could be due to the fact that shallot 
is usuallymore planted and consumed in urban areas, because it is sensitive to cold weather 
and need warm weather to grow. Therefore Kaslik residents find it more familiar and 
pleasantthan Zahleh residents which explain their choice of the black color.  

 In their study, Maric, Barbar and Jacquot (2012) found a significant difference 
between Lebanese and French participants in the attribution of a color to orange blossom 
odor.In Lebanon, orange blossom is associated to traditional Lebanese desserts and sugar 
pastries products, with color associations of white and pink.In France, this odor is more 
associated with hygiene products justifying the shades of bluechosen by the participants, 
typical color for non-food items. According to their study culture-dependent experiences 
affect our capacity to use, identify, like and consume odors. Thus odor-color associations 
can be similar or different among countries. When we recognize odors that seem familiar, 
semantic association is made upon the choice of colors. Even if subject is not able to 
identify exactly an odor, he might still beable to categorize it, for example, as a floral or 
fruity odor, edibleor non-edible odor.Both usage and association models affect odor-color 
associations revealing the complexity and multi-dimensional aspects of this linkage.  In 
Lebanon orange blossom registered a significant difference between the residents of rural 
and urban areas, rural residents attributed first pink color followed by grey color, while 
urban residents attributed white color followed by pink color. Orange blossom is widely 
used in the Lebanese food, specifically pastries. The color of its extract is light pink color, 
which explain the use of the pink color in both areas. Orange blossom is used as well as a 
beverage mainly in urban areas, it is called by the Lebanese white coffee (café blanc) 
which can explain the choice of white color by Kaslik residents. The choice of grey color 
in Zahleh is due to its use in case of faintings to awaken people up. This relation with an 
unpleasant event justifies the choice of the grey achromatic color. 

 Smoked odor registered a significant difference as well in the choice of colors: 
Zahleh residents attributed to it the brown color for reminding them of the barbecue odor, 
while Kaslik residents associated it to black color for reminding them the pesticide odor 
and fuel combustion odor. 
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 For the caramel smell almost the same odors were selected, but the difference lies 
in the fact that at Kaslik, 10 participants from 97 noted a clear purple color for caramel. 
Fact that has not been registered for Zahleh participants. Choosing clear purple color for 
caramel by Kaslik residents could be as a result of the use of the caramel flavor in sweets 
and candies, that are colourful and exist in urban areas supermarkets and rarely at the small 
stores of rural areas. 

 For national odors (jellab and pomegranate molasses) rural residents were able to 
detect easily these odors in comparison with urban residents. Due to the fact that these 
products are mainly produced in the Lebanese mountains, where the residents following 
the traditions prepare grapes, dates and pomegranate syrups to use them during winter and 
the cold season, when these fruits are rarely present. And they include them as well in 
food: jellab is usually drank during the fasting period and pomegranate molasses are used 
in Lebanese dishes like fattouch. 

 Concerning the rest of the odor samples, interesting remarks could be made. For 
chlorophyll odor, participants in urban area tend to link it with white color or light green 
for it reminds them of mint flavoured chewing-gum. While in Zahleh participants linked it 
to green color for it reminds them ofmint plants that areusually widely planted in the 
Lebanese mountains. 

 What seemed obvious was the difficulty that the subjects had in trying to connote a 
precise color to an odor,without guessing the origin of this aroma.Indeed, all subjects were 
trying to guess the smell, to imagine the object, then to link it to a specific colorwhich is 
consistent with the results of Morrot, Brochet & Dubourdieu study (2001).For odors they 
have not recognized, they scored directly "yes" to the question of the difficulty of 
association. For example, it was difficult to connote a color to the smell of peppermint and 
the smell of mint chlorophyll in both regions, but this was more acute for the region of 
Zahleh (rural), taking into consideration that both of these smells are extremely known in 
urban areas, because of their use in candies, food, gums and even fragrance and detergent. 
It wasn‟t the case for the smell of ananas that registered a difficulty of association to a 
color in both regions but was more common in Kaslik. 

 The smell of wild strawberry reminded participants in both rural and urban areas, 
the smell of shisha or Lebanese hookah, which explain the choice of both purple and red 
colors given that tobacco used to prepare the shisha is red colored. 

  In addition participants detected unpleasant odors faster than pleasant ones. It has 
been noticed that participants disliking an odor detected it easily when these odors where 
in some cases undetectable by other participants.  
 On the other hand molasses, registered lower rate of pleasantness in Zahleh, while 
familiarity rate was higher than in Kaslik, and the color chosen by the majority is dark 
brown, more appropriate than the white color given by the subjects in Kaslik. A question 
arises here, why residents of the rural area would note a low rate of pleasantness for 
molasses while it is used in their daily culinary traditions dishes. Let us not forget, 
however, that the samples of the two national odors, jellab and molasses, have not been 
taken from essential oil extract, but they were prepared directly from the product of the 
market, which is why after having opened the sample several times, the smell had become 
so slight that some subjects had difficulties to detect it. Always talking about the intensity 
of the odor,we noticed a significant difference in the score of intensity for the smell of 
cucumber, it was noted more intense in Zahleh. 
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 Concerning edibility rates, subjects that could not detect the odor noted it directly 
as non-edible. Rose and lime odors were considered more edible, more familiar and more 
pleasant in Kaslik. This indicates a linear relation between edibility and pleasantness. The 
more the odor is edible, the more it is considered as pleasant. 

 One of the hypotheses that could explain these observations is that the residents of 
the rural area recognize more easily the smell of flowers. Due to the fact that it reminds 
them of gardening and green space in their area, while subjects living in the urban area 
recognize the smell of flowers as an ingredient used in pastries, gum and food products in 
the market. 

 

4. CONCLUSIONS 
 The purpose of the present study was to evaluate the intra-cultural effect on the 
relation between odor and color. Past studies highlighted cross cultural effects on odor-
color associations, where according to Maric, Barbar and Jacquot (2012) the construction 
of odor- color correspondences proved to be culture-dependent: If participants of different 
countries, have the same usage purpose for a product they will associate it to similar 
colors. If not, significant differences will be revealed as it was the case for orange blossom. 

 The present study aims to emphasize the intra-cultural effect within the same 
country. The Lebanese residents tend to have different color-odor association between 
rural and urban area. Taking into consideration that Lebanon is a small country of 10452 
km2 the current study proved the effect of culture, not only internationally but also within 
the same country,in terms of environment, intra-cultural and culinary habits and ease of 
access to more local productions,on the relation between odor and color, and its effect on 
odor parameters. 
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for it reminds them of mint flavoured chewing-gum. While in Zahleh participants linked it 
to green color for it reminds them ofmint plants that areusually widely planted in the 
Lebanese mountains. 

 What seemed obvious was the difficulty that the subjects had in trying to connote a 
precise color to an odor,without guessing the origin of this aroma.Indeed, all subjects were 
trying to guess the smell, to imagine the object, then to link it to a specific colorwhich is 
consistent with the results of Morrot, Brochet & Dubourdieu study (2001).For odors they 
have not recognized, they scored directly "yes" to the question of the difficulty of 
association. For example, it was difficult to connote a color to the smell of peppermint and 
the smell of mint chlorophyll in both regions, but this was more acute for the region of 
Zahleh (rural), taking into consideration that both of these smells are extremely known in 
urban areas, because of their use in candies, food, gums and even fragrance and detergent. 
It wasn‟t the case for the smell of ananas that registered a difficulty of association to a 
color in both regions but was more common in Kaslik. 

 The smell of wild strawberry reminded participants in both rural and urban areas, 
the smell of shisha or Lebanese hookah, which explain the choice of both purple and red 
colors given that tobacco used to prepare the shisha is red colored. 

  In addition participants detected unpleasant odors faster than pleasant ones. It has 
been noticed that participants disliking an odor detected it easily when these odors where 
in some cases undetectable by other participants.  
 On the other hand molasses, registered lower rate of pleasantness in Zahleh, while 
familiarity rate was higher than in Kaslik, and the color chosen by the majority is dark 
brown, more appropriate than the white color given by the subjects in Kaslik. A question 
arises here, why residents of the rural area would note a low rate of pleasantness for 
molasses while it is used in their daily culinary traditions dishes. Let us not forget, 
however, that the samples of the two national odors, jellab and molasses, have not been 
taken from essential oil extract, but they were prepared directly from the product of the 
market, which is why after having opened the sample several times, the smell had become 
so slight that some subjects had difficulties to detect it. Always talking about the intensity 
of the odor,we noticed a significant difference in the score of intensity for the smell of 
cucumber, it was noted more intense in Zahleh. 
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ABSTRACT
This research investigates generation dependence of preferences in fashion, and shows the 

difference of dependences between colors and styles of dresses.
It has been widely indicated that the preference of the color in the fashion is different by the age 

group. However, it is said that the preference in fashion of forties’ women has recently become less 
different from it of twenties. We assume the tendency of age independence is found not only in the 
fashion-style but also in the color preference of fashion. In this paper, we have investigated about the 
preference of twenties students and their mothers, who are generally forties, in the fashion-style and 
color of fashion.

The participants of the experiment are 200 female university students and 60 of their mothers. 
We made a questionnaire on the preferences of colors and styles of dresses. Preferences of colors were 
surveyed, by selection from 16 colors including monochromes, on each of the tops and the bottoms, 
and preferences of styles were also surveyed on the details of the tops and the bottoms, e.g. shapes and 
lengths of skirts, sleeve lengths, etc. Preferences on spring-summer and autumn-winter dresses were 
separately surveyed.

As a result, a significant difference was confirmed in the fashion style between the student 
generation and the mother generation, especially in the taste of characteristic parts. 

However, it was shown that any significant difference was not confirmed in the color 
preferences, although some difference was observed. It has been usually said that elderly women prefer 
dark and dull colors, however, according to our surveys, young students also preferred monochromes, 
especially in autumn-winter dresses. Mothers group also preferred bright colors, especially in spring-
summer ones, similarly to the young students.

Differences of generation dependences of preferences 
between colors and styles in women’s fashion

Chie MURAKI ASANO1*, Kanae TSUJIMOTO1, Akira ASANO2, Katsunori OKAJIMA3
1Faculty of Human Ecology, Yasuda Women’s University
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ABSTRACT
This research investigates generation dependence of preferences in fashion, and shows dif-
ferences of dependences between colors and styles of dresses. It has been assumed that the 
tendency of age independence is found not only in the fashion-style but also in the color 
preference of fashion. In this paper, we investigated the preference of twenties students and 
their mothers, who are generally forties, in the fashion-style and color of fashion. As a result, 
a significant difference was confirmed in the fashion style between the student generation 
and the mother generation, especially in the taste of characteristic parts. However, the ten-
dency of color preferences are found different from what have been assumed; Although it 
has been usually believed that elderly women prefer dark and dull colors, young students 
also preferred dark colors, while their mothers preferred dull colors to dark tone, according 
to our surveys for winter cloths. The mothers also preferred bright colors, especially in sum-
mer cloths, similarly to young students. 

1. INTRODUCTION
It has been widely accepted that the preference of colors in fashion is different by the age 
group (Beke et al., 2008). However, it is said that the preference in fashion of forties’ women 
has recently become less different from it of twenties. The fashion trends and their transi-
tions were clear and charismatic leaders of fashions appeared successively in 1970s and 
80s, when the forties’ women were young. On the contrary, there are a lot of fashion trends 
simultaneously,  and main stream of fashion trends in the whole society and their transitions 
are unclear in the 21st century. It may be the reason why the preferences have become less 
different between forties’ and twenties’ women.

It has been assumed the tendency of age independence is found not only in the fash-
ion-style but also in the color preference of fashion. In this paper, we investigates the pref-
erence of twenties students and their mothers, who are generally forties, in the fashion-style 
and color of fashion. It examines precisely what kind of the preferences has really become 
less different. The research will be utilized for marketing in fashion industries. 

s a result, a significant difference was confirmed in the fashion style between the student 
generation and the mother generation, especially in the taste of characteristic parts. Howev-
er, it was shown that any significant difference was not confirmed in the color preferences, 
although some difference was observed. It has been usually said that elderly women pre-
fer dark and dull colors, however, according to our surveys, young students also preferred 
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monochromes, especially in autumn-winter dresses. Mothers group also preferred bright 
colors, especially in spring-summer ones, similarly to the young students.

2. METHODS
The participants of our survey were 200 female university students and 60 of their mothers 
in Japan. We made a questionnaire on the preferences of colors and styles of dresses. The 
questionnaire sheet was written in Japanese.

Preferences of colors were surveyed not by selecting hues but by selecting from the fol-
lowing words indicating tones in the CCS color system: pale, soft, light, vivid, strong, 
dark, and dull tones, and monotone. This is because it has been assumed that the generation 
dependence of color preferences is mainly on vividness or dullness and the target of our sur-
vey is confirming this assumption aucom and rosch, 1 . references of hues depend 
higher on each person than on generations. The example of the hue circle for each tone was 
presented on the questionnaire sheet, as shown in Fig. 1.

Preferences of styles were also surveyed on the details of the tops and the bottoms, e.g. 
shapes and lengths of skirts, sleeve lengths, etc. These style were explained by illustrations 
on the questionnaire sheet. Preferences on spring-summer and autumn-winter dresses were 
separately surveyed. 

3. RESULTS AND DISCUSSION
We show the results of the surveys for preferences of styles and colors by young women and 
their mothers. For the sake of the limitation of paper length, some parts of styles showing 
significant generation differences are selected.

3.1 Materials
We surveyed preferences of materials, selected from cotton, hemp, wool, silk, cupra, rayon, 
tencel, nylon, polyester, and acrylic fibers, which are usually used for textiles. Each respon-
dent selected one material from the list for each of summer and winter cloths. Figures 2(a) 
and (b) show the preferences in summer and winter cloths, respectively. Figure 2(a) indicates 
that hemp is preferred by young women to their mothers for summer cloths, while cotton is 
preferred by the mothers to the young women. It may be because hemp is difficult to handle 

pale soft light vivid strong

dark dull monotone

Fig. 1. Example of hue circle for each tone.
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in home laundry and it has not been preferred by the mothers group, but its wrinkles caused 
by laundry process are rather preferred as a kind of fashion by young women. Figure 2(b) in-
dicates that the preferences of winter cloths are similar for young women and their mothers. 

3.2 Collar shapes
We surveyed preferences of collar shapes, selected from polo, sailor, Peter Pan, Italian, low, 
regular point, and bow tie collars. Figures 3(a) and (b) show the preferences in summer and 
winter cloths, respectively. Figure 3(a) indicates that the preferences of Peter Pan collar by 
young women and their mothers in summer cloths are significantly different. Since eter an 
collar is a narrow-necked style, it may be considered uncomfortable by the mothers. Italian 
and low collars, which are preferred by the mothers, are low-necked styles. Figure 3(b) indi-
cates that the difference of the preferences of Peter Pan collar is similar in winter cloths. The 
opposite difference appears in polo collar in winter cloths.

3.3 Colors
Figure 4(a) and (b) show the results of the survey of color preferences in summer and winter 
cloths. Color tones instead of color hues were surveyed, as explained in Section 2. Figure 
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monochromes, especially in autumn-winter dresses. Mothers group also preferred bright 
colors, especially in spring-summer ones, similarly to the young students.

2. METHODS
The participants of our survey were 200 female university students and 60 of their mothers 
in Japan. We made a questionnaire on the preferences of colors and styles of dresses. The 
questionnaire sheet was written in Japanese.

Preferences of colors were surveyed not by selecting hues but by selecting from the fol-
lowing words indicating tones in the CCS color system: pale, soft, light, vivid, strong, 
dark, and dull tones, and monotone. This is because it has been assumed that the generation 
dependence of color preferences is mainly on vividness or dullness and the target of our sur-
vey is confirming this assumption aucom and rosch, 1 . references of hues depend 
higher on each person than on generations. The example of the hue circle for each tone was 
presented on the questionnaire sheet, as shown in Fig. 1.

Preferences of styles were also surveyed on the details of the tops and the bottoms, e.g. 
shapes and lengths of skirts, sleeve lengths, etc. These style were explained by illustrations 
on the questionnaire sheet. Preferences on spring-summer and autumn-winter dresses were 
separately surveyed. 

3. RESULTS AND DISCUSSION
We show the results of the surveys for preferences of styles and colors by young women and 
their mothers. For the sake of the limitation of paper length, some parts of styles showing 
significant generation differences are selected.

3.1 Materials
We surveyed preferences of materials, selected from cotton, hemp, wool, silk, cupra, rayon, 
tencel, nylon, polyester, and acrylic fibers, which are usually used for textiles. Each respon-
dent selected one material from the list for each of summer and winter cloths. Figures 2(a) 
and (b) show the preferences in summer and winter cloths, respectively. Figure 2(a) indicates 
that hemp is preferred by young women to their mothers for summer cloths, while cotton is 
preferred by the mothers to the young women. It may be because hemp is difficult to handle 

pale soft light vivid strong

dark dull monotone

Fig. 1. Example of hue circle for each tone.
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4(a) shows that the majorities of the preferences both by young women and their mothers 
in summer cloths are almost similar, and the only difference is found in vivid color. Neither 
dark nor dull tone were selected by any of the young women or their mothers, although it 
has been usually believed that elderly women prefer dark and dull tone. Figure 4(b) shows 
that the only differences in winter cloths are found in dark and dull colors. Young women 
preferred dark colors, while their mothers preferred dull colors, according to our survey. This 
is also different from the above assumption for elderly women.

4. CONCLUSIONS
Although it has been assumed that the tendency of age independence is found not only in 
the fashion-style but also in the color preference of fashion, our research has shown that a 
significant difference is confirmed in the fashion style between the student generation and 
the mother generation, especially in the taste of characteristic parts. However, the tendency 
of color preferences are found different from what have been assumed; Although it has been 
usually believed that elderly women prefer dark and dull tone, young students also preferred 
dark tone, while their mothers preferred dull tone to dark tone, according to our surveys for 
winter cloths. The mothers also preferred bright tone, especially in summer cloths, similarly 
to the young women. The results, as well as further survey and investigations, will help busi-
ness strategies of fashion industry.
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ABSTRACT
This research aimed to study the effect of color appeared in signage to identify gender of Thai 

eo e  o or  e  in t i  t  ere ig t e an  ar  e  i entifie  a  ma e  re  an  in  a  
ema e an  ac  a  ne tra  co or  o m o  a  or ma e an  ema e  ere in a orementione  fi e 

colors. So the total was ten images. These symbol images were showed within 2 seconds. The subjects 
o  t i  t  ere  t ent  o  a amanga a ni er it  o  ec no og  an a ri    or t e fir t 
e a ation  t e ect  a e e  t e co or o  t e m o  et er or not t at co or a  i entifie  a  
male or female. For the second evaluation, the subjects assessed the details of the symbols whether or 
not they were male or female. Then these two evaluations were compared. 

The expected result will be able to identify gender of Thai people from signage. The details of 
t e m o  com are  to t e co or o  t e m o  can e e  to i enti  t e gen er more e ficienc
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ABSTRACT 

This research aimed to study the effect of color appeared in signage to identify gender of 
Thai people. Colors used in this study were light blue and dark blue, identified as male; red 
and pink, as female and black as neutral color. Two symbols, as for male and female, were 
in aforementioned five colors. So the total was ten images. These symbol images were 
showed within 2 seconds. The subjects were 50 Rajamangala University of Technology 
Thunyaburi students. For the first evaluation, the subjects assessed the color of the symbols 
whether or not that color was identified as male or female. For the second evaluation, the 
subjects assessed the details of the symbols whether or not they were male or female. Then 
these two evaluations were compared. The results showed that the factor that most 
affecting gender identification was the details in the symbols. Color appeared in symbol is 
not relevant to gender identification in this experiment. 

1. INTRODUCTION 
Color is what we all see because it has physical properties. The color is what we see with 
our eyes. It also tells a story or information to human and creature. These data, such as 
food, are very important to our life. Creatures differentiate color of plants and animals so 
they can tell what can or cannot be eaten. Or they can tell the time from the color of the 
sky. Even the color can also be used to differentiate the human tribes, such as black is 
represent Africans, yellow for Mongoloid in Asia, and white for Caucasian in West and 
Scandinavian. (Pungrassamee and Ikeda 2008) 

Colors are involved in our daily, considering the various appliances we use. Humans 
have known to use color since the old days, for example, the painted images on cave walls 
hundred years ago. Colors are around us as we are learning today. Colors are used to 
identify the ripe fruit that can be eaten or not. In addition, it also used to convey the 
meaning of writing, such as the color used in traffic signs on the road (Tangkijviwat 2014) 

Red sign means danger. Yellow means caution. Green, often seen on the road, means 
harmless. Therefore, green has been used for many things, such as, in medical condition or 
to convey the emotion.  

Colors are often used for designing advertising media in order to create the beauty and 
the eye-catching material, as well as it is used to convey the meaning of the typography in 
order to make the audience easily understand the message. (Itsadul 2007) 

From the aforementioned reason, colors are very useful for daily life and also affect the 
interpretation. They can be conveyed without a written text and can easily be interpreted 
and understood. Therefore, this research was to study the influence of the color of the 
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symbols that affect the classification of male and female of Thailand. Colors in Thailand 
have not been used as a standard to represent female and male. Unlike many other 
countries, such as Japan, colors are used to convey the meaning of female and male, such 
as red is used for lady’s room and black or blue is used for men’s room. In this study, the 
researcher chose dark blue and light blue as the color identified as male, red and pink as 
female and black as neutral.  

 

2. METHOD 

Female and male symbols were presented on a monitor placed inside an experimental 
room. Ten symbols were created by the combination of two gender (female and male) and 
five different colors (dark blue, light blue, black, red and pink) as shown in Table 1. These 
symbols were presented on a white background as shown in Figure 1. The room 
illuminance was kept constant throughout the experiment. The viewing distance is fixed at 
30 cm. 50 undergraduate students of Faculty of Mass Communication Technology were 
participated in this experiment. 

Table 1. Chromaticities of color symbols. 

Colour  name Y x y 

Red 35.6 .527 .339 
Pink 34.7 .416 .217 
Black 3.63 .286 .312 

Drak blue 33.0 .154 .121 
Light blue 42.5 .186 .187 

White 200 .295 .326 
 

The experiment started by asking the subject to enter in the experimental room and 
adapt to the room illumination for 2 minutes. A symbol image was presented to the subject 
one at a time. Each symbol was displayed for 2 seconds. Then, the symbol was disappeared 
and replaced by gray background in order to make the observer ready for the next 
assessment.  

There were two tasks for each subject. For the first task, the subject was asked to 
identify if that symbol represent the female or male. In case of the second task, the 
observer was asked to identify if that color of the symbol represent the female or male. 

 
 
 
 
 
 
 
 
 
 
 

Figure 1: Color and symbol used in the study 

458
AIC2015 TOKYO - Color and Image



 

 

3. RESULTS AND DISCUSSION 
The result of the first task was shown in Figure 2. Almost all the Thai subject could 
correctly identify the gender of symbol even though that symbol was created in any colors. 
The results implied that color appeared in symbol has no effect on gender identification in 
this experiment. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Gender identification by Symbol’s details 

 

The results from the second task were shown in Figure 3. We hypothesized that red and 
pink should associate with female identification, whereas blue and light blue should 
associate with male identification. Our results seemed to follow our hypothesis. 86% of 
Thai thought that pink was strongly represented the female and 60% of Thai associated red 
color with female. In case of male, dark blue and light blue associated with male by 74% 
and 54% respectively. However, color which strongly associated with male was neutral 
color like black.   

 If the saturation of color is considered, it seems that low saturation color such as light 
blue and pink obtained higher female identification than the vivid color. According to the 
hypothesis, red was represented female. However, 24% of the subject thought that it was 
represented male and 16% thought that it was represented both gender.  

This concludes that, for Thai, even though there was some association between color 
and gender. But this association was not relevant to the gender identification in symbol. It 
was possibly due to no usage of color code to express gender in Thailand. Unlike some 
countries, for example, Japan, the male toilet symbol is generally blue or black and the 
female toilet is generally red. We expected that the obtained result would be different if the 
subjects were Japanese who are familiar to the color coding for gender identification in 
their daily life. Further experiment is required to confirm this expectation in the future.  
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Figure 3: Gender identification by Symbol’s color 

4. CONCLUSIONS 
The study found that the factor influencing gender identification in Thailand was the detail 
of the symbol but not the color of the symbol. From the first task, the subject correctly 
identified gender of the symbol. The subject also had the answers in the same direction 
whether the symbols were alternately colored. In the second task, the subject had different 
opinions when asked to identify the gender after seeing the color of the symbol. Almost the 
subjects agreed that pink was represented as female. Blue and black were represented as 
male. However, this association was not relevant to the gender identification in symbol. 
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Development of Three Primary-color Transparent Cubes for Learning 
Subtractive Color Mixing Visually

Keiichi MIYAZAKI
Cubics Design

ABSTRACT
Color mixing can be divided into additive color mixing and subtractive color mixing. The LED devices 
have been rapidly spreading in our everyday life. As such, we can easily recognize that R, G, and B lights 
are three additive primary colors, and that white color is made up by equally mixing the three additive 
primaries. On the other hand, subtractive colors used in photography and print are in unfamiliar colors 
CMY. As the experience of subtractive color mixing is only painting in art class of school in his youth 
at most, there is no chance that almost can feel in everyday life. Thus, to feel subtractive color mixing 
more familiar in daily life, we wanted to develop visual materials that help to learn the color mixing.
   To visualize the subtractive color mixing, focusing on three pairs of combinations of the parallel 
surface and the three primary colors of the cube, we use the cubes that are liked as a building block. 
We colored surface of the cube in the three primary colors (which are colored in the same color the 
two parallel sides), and by devising the internal structure of the cube, the same shape but different 
appearance of three primary colors cubes are produced, named (1)shell type, (2)core type, (3)core-shell 
type.
 (1)shell type:
    By mixing two adjacent surfaces (C, M, Y) primary colors, (R, G, B) can be observed. Six colors (R, 
G, B, C, M, Y) can be also observed at the same time.
 (2)core type:
    By filling the cube of transparent material, mixing of adjacent primary colors (C, M, Y) can be 
observed like beautiful rainbow, and rainbow pattern changes in the angle of observation.
 (3)core-shell type:
    Using the new optical design which color mixing of adjacent faces does not occur, we can form the 
three primary colors RGB cube by stacking 8 [2x2x2] CMY cubes. In addition, by stacking CMY and 
RGB 64 cube [(2x2x2)x2x2x2], Black (C + R, M + G, Y + B) also cube can be formed.
    By touching these cubes as puzzles and building blocks visually, or questioning in each of the cube 
of the difference, it is considered a useful teaching materials to help you understand the subtractive 
color mixing and geometric optics. The announcement day, these three primary colors cube was 
exhibited at the poster session venue, we report on the characteristics of the optical design and 
appearance of cubes.

 

 

Development of three primary-color transparent cubes 
for learning subtractive color mixing visually 

Keiichi MIYAZAKI 

Cubics Design 

ABSTRACT 
Since the principle of subtractive color mixing is more difficult to understand than additive 
color mixing, we have developed a teaching materials to learn the subtractive color mixing 
visually1. Teaching materials are three types of transparent cube with three colored 
surfaces, and one big color mixing transparent cube composed of eight stacked cubes. By 
making full use of the optical design, three types of cube is devised to be interesting in 
appearance and rainbow-colored beauty of color mixing. The process of making one big 
cube by stacking eight cubes, is devised to be able to enjoy the color mixing like solving 
the puzzle. 

1. INTRODUCTION 
It is said that young people have been lost interest in science, efforts to improve the 
learning motivation by fun experience, with facilities such as RiSuPia2, have been made. If 
you try to learn the color science, usually, it is necessary to learn a variety of terminology 
and definitions related to visual characteristics as well as physical optics.  

The purpose of this study is to provide teaching materials that can experience the fun and 
beauty of color for learning the subtractive color mixing used for printing or photo 
reproduction.  

For example, building blocks of Cubicus3(Figure 1(1)), because it has both beautiful 
appearance and puzzle features likes contemporary art, is very attractive as the teaching 
materials for visual learning. Therefore, by developing a new teaching materials for 
learning a subtractive color mixture incorporating the art puzzle elements, we want to make 
learn color mixing visually. 

 

                     
Figure 1: (1)Cubicus of Neaf                          (2)Vasa Cubes of VASA 

462
AIC2015 TOKYO - Color and Image



 

 

Development of three primary-color transparent cubes 
for learning subtractive color mixing visually 

Keiichi MIYAZAKI 

Cubics Design 

ABSTRACT 
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Figure 1: (1)Cubicus of Neaf                          (2)Vasa Cubes of VASA 

 

 

2. METHOD 

2.1 Color Mixing by Transparent Cube 
Building blocks made of opaque plastic timber is not suitable for teaching materials of 

subtractive color mixing. However, if the transparent cube is used, such as Vasa Cubes4 in 

Figure 1 (2), by making use of two parallel faces or two adjacent surfaces, it is possible to 

express the subtractive color mixing as shown in Fig. 2 (1). Each of the two color mixing, 

is referred to as the parallel surface color mixing(PCM) and the adjacent surface color 

mixing(ACM). When two transparent cubes are stacked as shown in Fig. 2 (2), it is also 

possible to represent the subtractive color mixing. 

 

(1)Color mixing by one cube                             (2) Color mixing by two cubes 

Figure 2: Subtractive color mixing by transparent cube  

2.2 Tri-Mixing Color Cube 
Since the cube has six faces, it is possible to 

represent the three sets of PCM information per 

cube as shown in Figure 3. Thereafter, a transparent 

cube with information of three sets of PCM is 

referred to as a tri-mixing color cube. It is possible 

to represent additional color mixing by the 

combination of  some tri-mixing color cubes placing 

two or more cubes as shown in Figure 2 (2). 
 

Figure 3:Tri-mixing color cube

3. Results and Discussion  

3.1 Mixing Color of PCM-CUBE and ACM-CUBE 
Using the six faces of the cube (from 1-6 dice surfaces), tri-mixing color cubes assigned 

the CMY to the arrangement of the PCM and ACM were shown in Figure 4. Comparing 

the number of colors that could be observed at the same time, PCM-CUBE(with three 
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different mixing color pairs of PCM) had 6 colors, and ACM-CUBE(with three different 
mixing color pairs of ACM) had four colors. Considering the cause of the difference at 
looking of cubes, and decomposing the cube to check the placement of the CMY, gave a 
good opportunity to be interested in subtractive color mixing. 

 

Figure 4:Surface color and mixining color of PCM(upper) and ACM(lower) CUBEs 

3.2 Unexpected Color Mixing 
In color mixing by stacking tri-mixing 
color cube, unexpected color 
mixing(UCM)  occured in an oblique 
direction as in Figure 5, and UCM 
becomes the noise of stacking color 
mixing. Since the cause of the UCM was 
mainly ACM, in order to reduce ACM, a 
solid transparent cube was experimentally 

 

Figure 5 : An example of  UCM 
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(1) Box(ACM)    (2)Solid-FrontView   (3)Box&Solid        (2)Solid-RearView 

Figure 6:Optics(upper figure) and appearance(lower figure) of cubes in Table 1 
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put inside the ACM-CUBE in Figure 6(1). And then, ACM of box and solid type in Figure 
6(3)  was nearly invisible by the total reflection of internal transparent solid cube. 

3.3 Transparent Color of Tri-Mixing Color Cube 
Transparent color with three types of tri-mixing color cube was summarized in Table 1. 
Row (3) in Table 1 had no ACM(no RGB) even viewed from any direction, and didn't 
occur UCM, then we called this type of tri-mixing color cube as tri-primary color cube. 
Row (2) in Table 1, as shown in Figure 5(2:Rear View), had a colorful and beautiful ACM. 

 

Table 1.Transparent color of tri-mixing color cube[No. is same as Figure 6] 
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3.4 Stacking Tri-Primary Color Cubes 
An interesting example of stacking color mixing was stacking up the RGB tri-primary 
color cube from eight CMY tri-primary color cubes. When stacking eight CMY tri-primary 
color cubes, CMY tri-primary color cubes changed to one large RGB tri-primary color cube 
by subtractive color mixing, as shown in Figure 7(1). Furthermore, when replacing four 
CMY tri-primary color cubes to RGB tri-primary color cubes, as shown in Figure 7(2), 
color of whole cube changed to BLACK. 

 

          

(1) 8 x CMY = RGB                           (2) 4 x CMY + 4 x RGB = BLACK 

Figure 7: Arrangement of stacking eight cubes to one bigger cube 

 

The image obtained by observing actual RGB cube stacked by eight CMY cubes from three 
directions was shown in Figure 8. It could be seen that the UCM does not occur. 
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Red               Green                  Blue 

Figure 8:  One big RGB cube without UCM 
resulting from the stacking method of Figure 7(1) 

4. CONCLUSIONS 
Tri-mixing color cubes which can be observed CMYRGB six colors simultaneously, and a 
method for building one RGB cube by stacking eight CMY tri-primary cubes have been 
developed. Next, we will promote use of tri-mixing and tri-primary color cubes at schools 
to teach the subtractive color mixing, and to verify the validity as a teaching material. 

ACKNOWLEDGEMENTS 
  I wish to acknowledge valuable discussions and reading the manuscript with Dr. Noboru 
Ohta. 

REFERENCES 
[1] Keiichi Miyazaki, 2014, J. Color Sci. Assoc. Jpn., 38(6), in Japanese. 
[2] RiSuPia, http://www.panasonic.com/global/corporate/center/tokyo/risupia.html 
[3] Mikado Koyanagi, 2004, Edu-toy - NAEF and European Wooden Toys, in Japanese. 
[4] Vasa Mihich, 2007, VASA 
 

Address: Keiichi Miyazaki, Cubics Design 
1-16-3 Sakae-cho, Odawara-shi, Kanagawa, 250-0011, JAPAN 

E-mail: mgg02366@nifty.com 
 

466
AIC2015 TOKYO - Color and Image



PS1-11

Multicolor LED Lighting Device with a Microprocessor for 
Demonstrating Effects of Lighting on Color Appearance

Takashi NAKAGAWA1

1 Faculty of Information Engineering, Fukuoka Institute of Technology

ABSTRACT
The author has assembled several versions of multicolor LED lighting devices to demonstrate effects 
of lighting on color appearance. An elementary version was controlled with mechanical switches for 
selection of lighting LEDs. This version was adequate for demonstrating metamerism. 

 Next version was equipped with 5 mechanical switches for each LED to control lighting level. 
This version could provide variety of color mixture, but the wiring was complex and hard to assemble. 
Another problem was usability: to obtain several lighting conditions, the operator had to readjust many 
mechanical switches. 

 o a oi  t e a o e i fic tie  t e a t or em o e  an r ino ega  micro roce or 
with 54 digital I/O pins of which 15 provides 8-bit PWM output. As the result, the device acquired 
simpler wiring and smart operation. The programming of Arduino is easy to learn with adequate 
references available from web sites and books.

i  e ice em o   P i i   e e  c i   ee  re    nm at m  
re    nm  re  orange   nm  am er   nm  green   nm  c an  

 nm  e   nm  ro a  e   nm  coo  ite  ne tra  ite  
and warm white (3100K). Controlling these LEDs with 8-bit PWM, and using control panel with 
arbitrarily designed rows of push buttons, we can present any pre-set mixture of LED lights. 

ere are ome i fic tie  in a ricating it  c i   ir t  c i   are o ma  t at 
t ee er  are nece ar  to mani ate n er a magni ing g a  Secon  i fic t  i  e to t e act t at 
chip LEDs are weak to heat; they have to be soldered with temperature under 300 degree centigrade. 

e a t or em o e  t e re o  tec ni e in o ering t erma  a  an  ano e a  o   c i
Since LED chips allow maximum current of 1A with voltage around 3V, maximum power 

dissipation is estimated around 3W per LED chip if 1A flows. The author designed so that the 
maximum current will be around 0.5 A. With this maximum current, the device will produce heat 
near 20W that will match the heat from soldering iron. Therefore, the heat radiation is an important 
problem.

The author will show how to overcome these problems in addition to the device demonstration.

 

 

Multicolor LED Lighting Device with a Microprocessor 
for Demonstrating  Effects of  Lighting on Color 

Appearance  
Takashi NAKAGAWA1  

1 Faculty of Information Engineering, Fukuoka Institute of Technology 

ABSTRACT 

The author has assembled multicolor LED lighting devices to demonstrate effects of 
lighting on color appearance. The most recent device, containing eight color LEDs and 
three white LEDs, is controlled by a microprocessor Arduino MEGA to realize flexible 
lighting conditions. In this paper, the author first describes the employed LEDs and 
discusses the importance of variety of LEDs that enables variety of light spectrum. He 
then describes and compares two versions of multicolor lighting devices he has 
assembled and shows that the equipment of a microprocessor greatly enhances the 
usability in the demonstration of color experiments.  

1. INTRODUCTION 

There are phenomena that can be demonstrated with lighting devices: metamerism, 
additive color mixture, color rendering,  etc. Performance of LED lighting apparatus depends 
on the assortment of LED colors. However, wavelength ranges of available LEDs are restricted to 
those of mass production. Recently, power LEDs of various  colors are available in chips.  So, the 
author has fabricated multicolor lighting devices with chip LEDs.  

2. LEDS  

The lighting devices were made with Philips LUXEON Rebel chip LEDs: deep red (DR,λD = 
655nm at 350mA), red (R,λD = 627nm), red orange (RO,λD = 617nm), amber (A,λD = 590nm), 
green (G,λD = 530nm), cyan (C,λD = 505nm), blue (B,λD = 470nm), royal blue (RB,λD = 
448nm), cool white (CW, 6500K), neutral white (NW, 4100K), and warm white (WW, 
3100K). Figure 1 shows the package outline. Light is emitted through the dome lens on the top 
surface. There are a thermal pad and two electrical contact pads on the bottom surface.  

3

4.5

 

 

 Figure 2 shows the relative spectrum power distributions of color LEDs and neutral 
white LED (cited from the supplier's data sheets). There is a vacant range of wavelength 
between blue and cyan as well as green and amber. 

 Figure 3 is the chromaticity diagram of LEDs. Trianguar marks in the outer area 
indicates  color LEDs, and marks in the inner area indicates white LEDs. 

      Figure 1. Package outline. 
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Figure 2. Relative spectrum power distributions of LEDs.  

 

 
Figure 3. chromaticity diagram of LEDs. 
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(b) lighted with green and amber 

 It is well known that the chromaticity coordinate (x,y) of the color light L produced 
by summing three color lights L1 (x1,y1), L2 (x2,y2), L3 (x3,y3) can be calculated as a 
weighted average of (x1,y1), (x2,y2), (x3,y3) where the weights are sums of color 
tristimulus values.  In other words, it is possible to produce a color light L by summing 
three color lights L1, L2 and L3,  if the chromaticity coordinate (x,y) of L is inside of the 
triangle L1L2L3 on the xy chromaticity diagram.  

 From Figure 3, it is obvious that there are many different combinations of three 
LEDs that can produce the same white color. For example, by using LEDs B, C and A, 
the color of neutral white LED can be obtained, whereas the same color can be also 
obtained by using RB, G and DR. To demonstrate this phenomenon, LED powers must 
be finely adjusted. This is possible by using Arduino MEGA.  

 Although the white color lights produced by the above three different ways (a) 
lighting NW, (b) lighting B, C and A, and (c) lighting RB, G and DR, have the same 
chromaticity coordinate (x,y), their spectrum power distributions are different. This 
difference causes the difference of body colors of two objects with different spectral 
reflections. Thus, our lighting device can be used to demonstrate metamerism and color 
rendering property of light. 

 Therefore, it is important that the lighting device has many LEDs of different 
colors.  

3. THE LIGHTING DEVICES WITHOUT MICROPROCESSORS 

Figure 4 shows the lighting devices without microprocessors. Each of them contained 
pairs of 8 color LEDs. Their fabrication was easy because wiring was simple: each color 
was simply switched ON or OFF. Yet they were useful for demonstrating metamerism. 

 
Figure 4. An AC driven lighting device (left) and a portable one (right). 

 

   
Figure 5. Spectral reflectance of a metameric pair.     Figure 6. Color appearances. 

(a) under the daylight 

 

 

 

 
Figure 2. Relative spectrum power distributions of LEDs.  

 

 
Figure 3. chromaticity diagram of LEDs. 
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 Figure 5 shows the spectral reflectance of a metameric pair sheet provided by the 
manufacturer. Figure 6 shows their photographs under the daylight (a) and under the 
mixture of green and amber LED lights. We see in (b) that the left sheet appears brown 
while the right sheet appears green. This difference of color appearance can be explained 
using their spectral reflectance and the spectral power radiation of LEDs. 

 There is a problem in soldering chip LEDs. Chip LEDs are weak to the high 
temperature over 300℃. Therefore, the author used a temperature-controlled soldering 
iron for wiring and a temperature-controlled hot plate for the soldering of chip thermal 
pads to the radiation plate. Figure 7 shows the schematic diagram of the reflow technique 
where the chip has been previously attached to a supporting card paper and the radiation 
copper plate has been previously covered with solder. 

     
hot plate

LED chip
solder

copper platethick paper

double-sided adhesive tape

 
Figure 7. Soldering thermal pads of an LED chip on the radiation plate. 

 

4. THE LIGHTING DEVICE WITH A MICROPROCESSOR 

To freely control radiation levels of LEDs, the author employed an Arduino Mega 2560 
microprocessor with 54 digital I/O pins of which 15 provides 8-bit PWM output. Figure 8 
shows the outline of the electrical connection. PWM outputs to control LED lighting 
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Figure 9.  Rough composition of the lighting device. 

 
 Figure 9 shows the rough composition of the system. Power source and Arduino is 
contained inside a metal case, push buttons and bar graph indicators are on the surface of 
the case. The light radiation unit is connected to the power and controller unit case. 

5. THE OPERATION OF THE LIGHTING DEVICE 

With Arduino MEGA, various modes of operation can be realized. Some modes are as 
follows: (1) single LED lighting,  (2) sequential lighting of  single LEDs, (3) LED 
combination lighting,  (4) sequential combination lighting, (5) On site adjustment of LED 
lighting, (6) Registration of the adjusted lighting and recalling. 

 With this flexibility, we can make various modes of demonstration. For example, 
we can show that the same color can be obtained with different combinations of primary 
colors, we can demonstrate metamerism and we can check color rendering. 

5. CONCLUTION 

By using multiple color LEDs, we can make lighting devices to demonstrate various color 
phenomena, and the ability of flexible demonstration is greatly enhanced by controlling 
with microprocessors. 
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where the chip has been previously attached to a supporting card paper and the radiation 
copper plate has been previously covered with solder. 
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ABSTRACT
The interplay between colour and behavioural inhibition (a trait of impulsivity) has yet to 

be researched despite the growing interest and activity in the field of impulsivity and behavioural 
inhibition (Webster and Jackson, 1997). The implications of gaining a better understanding of this 
area will help improve crime prevention strategies, the use of colour in marketing, the design of 
environments and product development. For example, in Japan and, recently, in the UK blue lights 
have been installed on railway platforms to discourage suicide attempts. However, the robustness of 
research into the veracity of claims about colour and impulsive behaviour remains to be tested.  

This study addresses this by conducting a preliminary experiment in this area. Participant’s 
behavioural inhibition was measured using error rates and reaction times gained from a computer 
based Go/No-go signal task within in a pop up colour studio. The luminance and chroma of the 
lighting environment was kept constant but the hue was manipulated between red, blue and green 
using a 24-bit LED stage lighting system; a white control lighting environment was also used. Results 
obtained through one way and mixed design ANOVA’s found that: In the red light participants 
task reaction times were signi¬ficantly faster than under white light. Highly impulsive participants 

o e  ignifi cant  o er reaction time  n er a  con ition  e ce t or green ere a ignificant 
interaction a  o n   ignificant main e ect o  co o r an  gen er a  o n  it  ema e reaction 
times having greater variation across all conditions compared to males.  Additional work is underway 
to replicate the preliminary study using more advanced psychophysical techniques. 

References
Webster CD and Jackson MA (1997), Impulsivity: Theory, Assessment and Treatment, The Guildford Press.

The Effect of Environment Colour on Behavioural 
Inhibition. 

 

Nicholas CICCONE, Stephen WESTLAND School of Design, University of Leeds, UK 
 

ABSTRACT 

The interplay between colour and behavioural inhibition (a trait of impulsivity) has yet to be 
researched despite the growing interest and activity in the field of impulsivity and 
behavioural inhibition (Webster and Jackson, 1997). The implications of gaining a better 
understanding of this area will help improve crime prevention strategies, the use of colour in 
marketing, the design of environments and product development. For example, in Japan and, 
recently, in the UK blue lights have been installed on railway platforms to discourage suicide 
attempts. However, the robustness of research into the veracity of claims about colour and 
impulsive behaviour remains to be tested.  

This study addresses this by conducting a preliminary experiment in this area. Participant’s 
behavioural inhibition was measured using reaction times gained from a computer based Go 
No-Go signal task within in a pop up colour studio. The luminance and chroma of the 
lighting environment was kept constant but the hue was manipulated between red, blue and 
green using a 24-bit LED stage lighting system; a white control lighting environment was 
also used. Results obtained through one way and mixed design ANOVA’s found that: In the 
red light participants task reaction times were significantly faster than under white light. 
Highly impulsive participants showed significantly slower reaction times under all conditions 
except for green where a significant interaction was found. Additional work is underway to 
replicate the preliminary study using more advanced psychophysical techniques. 

Keywords: Colour, Impulsivity, Environment, Go no-go task, Crime prevention, Marketing. 
 

1. INTRODUCTION 

For the purpose of this study impulsivity will be seen as reduced executive function and 
Inhibitory control (Logan, 1997). Behavioural Inhibition is the ability to suppress a pre-potent 
response (Nigg, 2000). Logan (1997) investigated if the inability to inhibit a pre-potent 
responses was a reflection of true impulsive behaviour through a stop signal task. It was 
found that go-signal responses were unaffected by impulsivity levels, but stop-signal tasks 
took longer with more impulsive subjects. Evidence indicates that in normal cohorts 
behavioural measures of inhibitory control are accurately related to represent levels of 
impulsivity (Enticott, 2006).   

There are two main paradigms used when explaining the neurologically arousing effect of 
colour. The process is either; a learned or associated response (Grossman, 1999) or the result 
of the activation of an internally innate mechanism (Adams, 1973; Hupka, 1997).  

An associative response to colour is caused by past experiences which effect an individual’s 
physiological arousal, a process known as ‘associative learning’. An unpleasant (fear) 
stimulus could be paired to a particular colour for example red with blood and pain. After 
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colour. The process is either; a learned or associated response (Grossman, 1999) or the result 
of the activation of an internally innate mechanism (Adams, 1973; Hupka, 1997).  

An associative response to colour is caused by past experiences which effect an individual’s 
physiological arousal, a process known as ‘associative learning’. An unpleasant (fear) 
stimulus could be paired to a particular colour for example red with blood and pain. After 

several similar associations future exposures to that colour elicits the same neurological 
response to the paired stimulus but with only the colour being present (Bierley, 1985). 

The general consensus on arousal caused by innate mechanisms is that the effect of the colour 
is dependent on where it falls within the colour spectrum (see figure 1).  Longer light 
wavelength colours (yellow, orange and red) result in greater neuronal activation whereas 
shorter wavelengths (green and blue) have a sedative effect (Wright & Rainwater 1962). 

 
Figure 1: Colour spectrum with wavelengths (nm). 
 
Neural activity has been associated with behavioural arousal and inhibitory control relating to 
individual differences in impulsivity. An fMRI study found a “positive correlation with 
activation (arousal) in the bilateral ventral amygdala, parahippocampal gyrus, dorsal anterior 
cingulate gyrus (BA 32), and bilateral caudate” to impulsivity. In addition to this there was a 
negative correlation when activation was seen in the dorsal amygdala and ventral prefrontal 
cortex (BA 47). This suggests that impulsivity is indeed influenced by the level of 
corticolimbic arousal (Brown, 2006).   
 
Interestingly an effect has been found in relation to physiological arousal and impulse buying. 
A stimulating store environment was found to cause a momentary loss of self-control 
increasing instances of impulse purchases (Mattila and Wirtz 2008).  These findings are 
consistent with psychology studies which highlight that over-stimulation or high arousal 
lessens a person’s self-regulation (Baumeister et al.; 1998). 

2. METHOD 

A white pop-up studio was erected in a colour neutral room (white and black items only) with 
a marked x position for light positioning from behind the participant.  A laptop equipped with 
Inquisit (by Millisecond Software version 4) and the Go/No Go experiment code installed on 
it with a touchpad was placed at a comfortable height for the participant to see the screen. A 
light emitting diode (LED) RGB capable light was used for colour accuracy and low 
temperature emission and placed in a position behind the participant facing towards the 
marked X. A Chroma meter displaying the International Commission on Illumination (CIE) 
was used to ensure similar luminosity levels within the popup studio in each condition while 
changes were made to the chroma (see figure 2). 

 

Figure 2: The four colour conditions. 
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2.1 Procedure 

Participants entered the pop up studio and were instructed to sit at the desk and read the 
participant pack. This consisted of an information sheet about the general nature of the 
project, a consent form, the Ishihara colour deficiency test and the Barratt Questionnaire. An 
acclimatisation period of at least 10 minutes passed before the experiment began. The 
experiment file was then run on a laptop. Subjects were given adequate time to read the 
instructions and had an opportunity to ask any questions before the test was completed. The 
experimenter then turned on the LED light to the relevant colour setting for the participant 
and trial number. The main room light was then switched off and the participant was 
instructed to begin the task. After the first sets of trials were complete the experimenter 
changed the light to the second colour setting. The subject then completed the task for a 
second time. This process was then completed for each of the colour conditions. On 
completion of the last Go/No-Go task the main lights were turned on before the LED light 
was switched off. The participant were then given a full debrief of the purpose of the 
experiment thus concluding the test phase of the research. 

2.2 PARTICIPANTS 

This study used 27 participants (12 females and 15 males) with an average age of 20.9 years. 
Opportunity sampling was used to recruit individuals. Participants were screened to check: (i) 
They had had no previous experience in a similar study or any in-depth prior knowledge of 
colour research in the area being studied. (ii) That no one suffered from either claustrophobia 
or epilepsy. (iii) Normal colour perception through the use of the Ishihara test of colour 
perception deficiency (Ishihara 1917). (iv)That there was no high risk individual that may be 
suffering from impulsivity based pathologies using the Barratt Impulsivity Scale (Barratt 
1959). 
 

2.3 THE GO NO-GO TASK 

The Go No-Go Task used in this study is a simplified version of the test used by Fillmore 
(2003). It measures impulse control by the level of ability shown by an individual to inhibit a 
behavioural response. The task consists of 200 trials, 50 in each condition (white, red, blue, 
green light) and took approximately 20 minutes to complete. The participant was shown a 
pre-target stimuli with a 60% chance of a go signal (black circle) and a 40% chance of a no 
go signal (black circle). 

3. RESULTS AND DISCUSSION 

3.1 PAIRED SAMPLE T-TEST 

A paired sample T-Test found a 
significant effect of colour and 
Go No-Go task reaction times 
between white (M=362.03, 
SD=28.3) and red (M=353.3, 
SD=29.5); t(26)2.25, P=.033. 
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3.2 MIXED ANOVA 

The sample was split into two 
groups; low and high base 
impulsivity determined from The 
Barrett Impulsivity Questionnaire 
(a score over 70 was considered 
high). A significant main effect 
of colour was found F(2.23, 
55.72) = 4.59, p = .012 and a 
significant interaction between 
colour and impulsivity F(2.23, 
55.72) = 4.84, p = .009 . The 
Mauchley test for spherecity was 
significant p=.036 so a 
Greenhouse-Geisser correction 
was used. 

 

4. Conclusions 

Colour has previously been demonstrated to manipulate level of psychological arousal 
increases of which have been linked to greater impulsivity. Kosslyn (2003) found increases in 
physiological arousal and glandular responses when exposed to the colour red. The pituitary 
gland stimulates the adrenal medulla releasing epinephrine causing a higher psychological 
state with peaked behaviour and emotional responses (Fuller, 1982). Long wavelength 
colours have also been found to cause greater general neuronal activation compared to shorter 
wave length ones which have a sedative effect (Wright and Rainwater, 1962). Theories 
linking increased arousal to increased impulsivity include the one-dimensional concept 
(Eysenck, 1982; Doux, 1996) and the three-dimensional arousal model (Boucsein, 1992; 
1997). If these theories are correct than red would be expected to cause increased impulsivity 
and thus a lower level of behavioural inhibition however this was not supported by the 
findings the T-Test showed significantly faster reaction times in the red light condition 
(M=353.3, SD=29.5); t(26)2.25, P=.033) compared to the control condition white 
(M=362.03,  SD=28.3. This may suggest that the increased neuronal activation and arousal 
caused by red had a counteractive effect on the negative effect on the test caused by increased 
impulsivity. Faces of a competitor that are red are an indicator of testosterone levels related to 
anger and aggressiveness (Changizi, 2009). This combined with research associating colour 
within the context of evaluating threat (Elliot, 2009; 2007. Moller, 2009; Mathews, 1985) 
demonstrates the importance of red as a threat signal in humans. The human perceptual 
system assigns resources based on importance of the stimuli (Bishop, 2008) and this could be 
an explanation for these results however further research is needed to investigate the 
interaction between attention and impulsivity and effectiveness of behavioural inhibition.  

Highly impulsive subjects had generally slower reaction times across the lighting conditions, 
compared to those of low base impulsivity. This was expected as in previous studies lower 
impulsivity has been associated with generally faster reaction times across colour conditions 
(Derefinko et al. 2008). Whereas highly impulsive participants have slower response times .  
A study of ADHD (a condition characterized by high impulsivity) found that typically 
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participants had more errors and slower inhibition compared with controls (Roberts, Milich, 
2011).  

The faster reaction times in the red condition in those with low impulsivity can be explained 
through arousal theories (Kosslyn, 2003; Fuller, 1982, Wright and Rainwater 1962, Eysenck, 
1982; Doux, 1996, Boucsein, 1992; 1997) and the selective processing of threat cues 
discussed previously (Elliot, 2009; 2007. Moller, 2009; Mathews, 1985). Red causes a higher 
level of alertness and therefore causes increases in attentional controls thus a faster response 
can be made without necessarily increasing impulsivity.     

In contrast there was an interaction seen in reaction times and green light in those with low 
impulsivity. Under arousal theory states that impulsivity may be due to physiological under-
arousal when in a state of rest than greater increases in arousal when stimulated (a rebound 
effect; Corr, 1995).  This could support the interaction. The colour green is commonly 
associated with go & safe (McShane, 1999) It is possible that this memory schemata made 
through previous memory consolidation (Tse, 2007) negatively interacted with the stop 
signals. Rapid error-prone processing was used because of the cognitive matching between 
green and go when under green light (Dickman, 1990). More cognitive resources and time 
were therefore needed to correct this conflict. 

The faster reaction times in the blue condition may be the result of reduced impulsivity 
through the relaxing effect of the colour. Anecdotally participants reported after the study that 
during the blue condition they felt calm.  The sedative effect of blue has been previously 
reported by Wright and Rainwater (1962) notably this could have caused these faster reaction 
times through decreases in impulsivity levels however this still needs further investigation. 
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In ence o  i t Inci ent n le an  Ill minance Inten ity on i al 
Comfort and Clarity

Yinqiu YUAN, Li-Ching CHUO, Hsin-Pou HUANG and Ming-Shan JENG
Green Energy and Environment Research Laboratories, Industrial Technology Research Institute, 

Taiwan

ABSTRACT
In recent years, research into the effect of LED light on human visual response has attracted 

enormous attention.  Efforts have been made in investigating the relationship between environmental 
factors of LED lighting and the induced visual responses.  However, little was known regarding the 
in ence o  t e com ination o  ig t o rce o ition an  i minance inten it  on i a  com ort or 
reading/writing. The issue is essential for lighting design, particularly for lighting in a cabin of an 
aircraft or in a patient room.

To address the issue, two psychophysical experiments were conducted in a darkened room, with 
a size of 42cm (height) by 222cm (width) by 230cm (depth).  Thirty-four Taiwanese (including 17 
males and 17 females) participated as the observers in both experiments.  Half of the observers were 
over 175cm and the other half below 165cm.  All of them have passed the Ishihara test for colour 
eficienc

n eriment  eac  o er er er orme  a riting ta  on a matt S  a er ace  on a at 
ane  it  a ti t ang e o   egree  it  a a mo nte  irectiona   minaire it  a fi e  

CCT of 4000K and illumiance of 500lx.  This luminaire was positioned above the observer’s head.  
The position of the lamp varied horizontally by changing the angle of an adjustable folding arm that 
supported the lamp. This resulted in 7 angles of incident light on the writing panel: -24.45, -22.50, 

    an   egree   n eriment  t e inci ent ang e o  ig t a  fi e  at 
24.50 which was found to create the greatest comfort according to Experiment 1.  The illumiance 
levels included 600lx, 900lx and 1200lx.  The same group of observers performed a reading task on 
the same paper and the same panel as in Experiment 1.  Both experiments used 6-point forced-choice 
scales in terms of comfort and clarity.

The experimental results show that the position of the LED light had a strong impact on the 
observer response in terms of comfort and clarity. The perceived visual comfort and clarity was found 
to increase as the angle of incidence becomes larger and larger, indicating a tendency that the observers 
(all right-handed) had higher visual satisfaction when the lamp was situated on the left hand side than 
on t e rig t an  i e   t o g  t ere a  no ignificant i erence in i a  c arit  et een t e t ree 
tested illuminance levels, 900lx was rated the most comfortable among the three illuminance levels.  
This indicates that uncomfortable illuminance does not necessarily cause a decline in visual clarity.  
The research result is useful for lighting design in indoor environments.

Influence of light incident angle and illuminance 
intensity on visual comfort and clarity

Yinqiu YUAN, Li-Ching CHUO, Hsin-Pou HUANG, and Ming-Shan JENG
Green Energy and Environment Research Laboratories, Industrial Technology Research 

Institute, Taiwan

ABSTRACT
This study  focused on the influence of the combination of light source position and 
illuminance intensity on visual comfort for reading/writing.  Two psychophysical 
experiments were conducted in a darkened room, 34 Taiwanese participated as the 
observers in both experiments.  Each of them was asked to perform tasks of writing and 
reading in varied experimental lighting conditions.  Evaluations of lighting quality were 
made by each observer.  The results show that the position of the LED light had a strong 
impact on the observer response in terms of comfort.  Although there was no significant 
difference in visual clarity between the three tested illuminance levels, 900lx was rated the 
most comfortable and was mostly preferred among the three illuminance levels.

1. INTRODUCTION
A wide variety of factors can affect visual comfort evaluation in an illuminated room, such 
as illuminance intensity, the correlated colour temperature (CCT), illumination uniformity, 
glare, colour rendering quality and so on.  Enormous efforts have been made in 
investigating the influence of these factors on perceived visual comfort. For example, Lee 
(2011) found that the performance of visual accuracy in reading E-paper was best at 
ambient illumination of 1500lx. Xu and Zhu(1990) found that visual performance 
decreased as the illumination of display  increased.  Isono (2004) and his colleagues found 
that in terms of visual fatigue, there was no significant difference in reading electronic 
materials and conventional paper materials.  Viewing difference and angle can also 
influence visual comfort.  According to Shieh and Lee (2007), it was found that, in reading 
paper materials, the best viewing distance was at 360mm, which is less than the distance 
500mm in reading E-paper.  In terms of the effect of viewing angle, Shieh and Lee (2007) 
reported that the display screen tilted at 29.51 below horizontal eye level was evaluated the 
most comfortable for reading.  Although the previous research findings provided evidence 
that light source was importance for visual satisfaction, there has been few study to 
investigate the influence of the combination of light source position and illuminance 
intensity.  

To address the issue, the presented research conducted two psychophysical experiments 
to investigate the relationship between perceived visual comfort and positions of light 
source, as well as the effect of illuminance intensity. 

2. METHOD
To address the issue, two psychophysical experiments were conducted in a darkened room, 
with a size of 42cm (height) by 222cm (width) by 230cm (depth). Thirty-four Taiwanese 
(including 17 males and 17 females) participated in both experiments. Half of the 
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1. INTRODUCTION
A wide variety of factors can affect visual comfort evaluation in an illuminated room, such 
as illuminance intensity, the correlated colour temperature (CCT), illumination uniformity, 
glare, colour rendering quality and so on.  Enormous efforts have been made in 
investigating the influence of these factors on perceived visual comfort. For example, Lee 
(2011) found that the performance of visual accuracy in reading E-paper was best at 
ambient illumination of 1500lx. Xu and Zhu(1990) found that visual performance 
decreased as the illumination of display  increased.  Isono (2004) and his colleagues found 
that in terms of visual fatigue, there was no significant difference in reading electronic 
materials and conventional paper materials.  Viewing difference and angle can also 
influence visual comfort.  According to Shieh and Lee (2007), it was found that, in reading 
paper materials, the best viewing distance was at 360mm, which is less than the distance 
500mm in reading E-paper.  In terms of the effect of viewing angle, Shieh and Lee (2007) 
reported that the display screen tilted at 29.51 below horizontal eye level was evaluated the 
most comfortable for reading.  Although the previous research findings provided evidence 
that light source was importance for visual satisfaction, there has been few study to 
investigate the influence of the combination of light source position and illuminance 
intensity.  

To address the issue, the presented research conducted two psychophysical experiments 
to investigate the relationship between perceived visual comfort and positions of light 
source, as well as the effect of illuminance intensity. 

2. METHOD
To address the issue, two psychophysical experiments were conducted in a darkened room, 
with a size of 42cm (height) by 222cm (width) by 230cm (depth). Thirty-four Taiwanese 
(including 17 males and 17 females) participated in both experiments. Half of the 

observers were over 175cm and the other half below 165cm.  All of the observers have 
passed the Ishihara test for colour deficiency.  A same wall-mounted LED lamp was used 
for  providing experimental lights in both experiments. 

2.1 Sample Preparation
To investigate the influence of light incident angle on visual comfort in Exp-1, a wall-
mounted directional LED luminaire with fixed CCT of 4000K and illuminance of 500lx 
was used as experimental light.  The position of the lamp can be varied horizontally by 
changing the angle of an adjustable folding arm that supported the lamp. This resulted in 7 
angles of incident light on the writing panel: -24.45, -22.50, -14.40, 0, 14.40, 22.50 and 
24.45 degrees, in which the negative angle values mean that the incident light came from 
the right side above the observer, and positive angle values mean the light came from the 
left side.  Figure 1 shows the lighting conditions under each of the seven experimental 
incident angle of light.

Figure 1: Lighting conditions caused by the 7 experimental incident angles of light.

The light intensity of 600lx, 900lx and 1200lx were selected as experimental 
illuminance levels (measured at the centre of reading panel) in Exp-2.  The incidental light 
angle was fix at 24.50 during the experiment.  The same group of observers took part in the 
experiment to evaluate visual comfort, preference and clarity for the tested light intensities.

2.2 Experimental Procedure
In Experiment 1, each observer performed a writing task on a matt ISO paper placed on a 
flat panel, with a tilt angle of 45 degrees, lit by a wall-mounted directional LED luminaire 
with fixed CCT of 4000K and illuminance of 500lx.  This luminaire was positioned above 
the observer’s head and adjustable to achieve varied incident angle of light.  In the 
experiment, 7 angles of incident light on the writing panel were generated including -24.45, 
-22.50, -14.40, 0, 14.40, 22.50 and 24.45 degrees.  During the experiment, the observer was 
allowed to adjust the viewing distance between his/her body and the writing panel as 
preferred.  The observer was asked to perform a writing task on the panel under each 
experimental incident angle and give rating for each angle in terms of visual comfort.

In Experiment 2, the incidental light angle was fix at 24.50 which was found the most 
comfortable angle in Experiment 1.  The illuminance intensity of the lamp can be adjusted 
by a DC power supply at 600lx, 900lx and 1200lx.  The same group of observers 
performed a reading task on the same paper and the same panel as in Experiment 1. Each 
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observer was asked to evaluate visual comfort, preference and clarity to each of 
experimental illuminance.

3. RESULTS AND DISCUSSION
The significance of influence by gender, observer’s height, viewing distance and incident 
angel of light on visual comfort was analysed using ANOVA.  Table 1 shows the results.  It 
is clear that among the four factors, light incident angle had the most significant influence 
on visual comfort with p-value of 5.13E-12.  In terms of significance of effect by gender, 
observer’s height and viewing distance, the results of ANOVA indicate no significant 
effect was caused by neither of the three factors, with p values being far less than 0.05, 
Table 1 shows the detailed figures.  This suggests that the position of light source can 
dramatically affect induced visual comfort.  Figure 2 demonstrates the trend of the 
influence.  Positive angles means the experimental light source was placed at the 
observer’s left hand side, while negative angles were those of right hand oriented.  The 
perceived visual comfort was found to increase as the angle of incidence becomes larger 
and larger, indicating a tendency that the observers (all right-handed) felt more comfortable 
when the lamp was situated on the left hand side than on the right hand side.

Figure2: Effect of incident angle on visual comfort    Figure 3: Influence of illuminance 
intensity on visual comfort/preference 
and clarity

In terms of the influence of illuminance intensity on visual comfort, preference and 
clarity, there was no significant difference between 600lx, 900lx and 1200lx.  However, 
900lx was rated the most comfortable and preferred intensity among the three tested 
illuminance levels.  In addition, little gender difference and height difference was found in 
judging visual comfort, preference and clarity affected by illuminance intensity.  

Table 1.  ANOVA results for the significance of gender, observer’s height, viewing distance 
and incident angel of lighting for the impacts on visual comfort

Dependent
Variable㸸

Visual comfort

Source Gender Height Viewing distance Incident angle

Mean Square 1.143 1.829 0.008 16.104

F 0.561 0.898 0.004 7.905

p 0.457 0.347 0.996 5.13E-12
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on visual comfort with p-value of 5.13E-12.  In terms of significance of effect by gender, 
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effect was caused by neither of the three factors, with p values being far less than 0.05, 
Table 1 shows the detailed figures.  This suggests that the position of light source can 
dramatically affect induced visual comfort.  Figure 2 demonstrates the trend of the 
influence.  Positive angles means the experimental light source was placed at the 
observer’s left hand side, while negative angles were those of right hand oriented.  The 
perceived visual comfort was found to increase as the angle of incidence becomes larger 
and larger, indicating a tendency that the observers (all right-handed) felt more comfortable 
when the lamp was situated on the left hand side than on the right hand side.

Figure2: Effect of incident angle on visual comfort    Figure 3: Influence of illuminance 
intensity on visual comfort/preference 
and clarity

In terms of the influence of illuminance intensity on visual comfort, preference and 
clarity, there was no significant difference between 600lx, 900lx and 1200lx.  However, 
900lx was rated the most comfortable and preferred intensity among the three tested 
illuminance levels.  In addition, little gender difference and height difference was found in 
judging visual comfort, preference and clarity affected by illuminance intensity.  

Table 1.  ANOVA results for the significance of gender, observer’s height, viewing distance 
and incident angel of lighting for the impacts on visual comfort

Dependent
Variable㸸

Visual comfort

Source Gender Height Viewing distance Incident angle

Mean Square 1.143 1.829 0.008 16.104

F 0.561 0.898 0.004 7.905

p 0.457 0.347 0.996 5.13E-12

4. CONCLUSIONS
The experimental results show that the position of the LED light had a strong impact on the 
observer response in terms of comfort. The perceived visual comfort was found to increase 
as the angle of incidence becomes larger and larger, indicating a tendency that the 
observers (all right-handed) had higher visual satisfaction when the lamp was situated on 
the left hand side than on the right hand side. Although there was no significant difference 
in visual clarity between the three tested illuminance levels, 900lx was rated the most 
comfortable and preferred among the three illuminance levels. This indicates that 
uncomfortable illuminance does not necessarily cause a decline in visual clarity. The 
research result is useful for lighting design in indoor environments.
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Colour Terms in the Interior Design Process
Douha Y ATTIAH, Vien CHEUNG, Stephen WESTLAND and David BROMILOW

School of Design, University of Leeds

ABSTRACT
Colour is a very important topic that interior designers need to consider. Considerable research 

has been conducted in the area of colour application in interior design; in this study we are concerned 
with colour terms in interior design, mainly the terms designers use and know about. Fifteen interior 
designers with varied professional backgrounds, but based in the Middle East (Saudi Arabia, Dubai, 
Bahrain, Lebanon, Egypt and Turkey), were interviewed. Previously we reported that fourteen out 
o  fi teen e igner  tate  t at co o r t in ing an  eci ion ma ing ta e ace at t e ear  tage  o  
t eir e ign roce e  eig t o  t em re orte  t at co o r ta e  ace in t e fir t te  en meeting 
c ient  an  tarting t e ro ect ttia  et a   i  t  oc mente   term  ic  t e fi teen 
designers use whilst brainstorming and working on a design project; subsequent analysis of these 
terms could form a basis for understanding how interior designers communicate the abstract properties 
of colour as part of their design processes. In this paper we show how the 137 terms were categorised 
according to a framework of four categories of colour terms: emotional, descriptive, cultural and 
functional. In addition, some technical terms, which are widely used in colour science (such as 
CIELAB and saturation), were shown to the designers; their knowledge was shown to be incomplete.

Colour Terms in the Interior Design Process 

Douha Y ATTIAH, Vien CHEUNG, Stephen WESTLAND and David BROMILOW
School of Design, University of Leeds 

ABSTRACT 
Colour is a very important topic that interior designers need to consider. Considerable 
research has been conducted in the area of colour application in interior design; in this 
study we are concerned with colour terms in interior design, mainly the terms designers 
use and know about. Fifteen interior designers with varied professional backgrounds, but 
based in the Middle East (Saudi Arabia, Dubai, Bahrain, Lebanon, Egypt, and Turkey), 
were interviewed. Previously we reported that fourteen out of fifteen designers stated that 
colour thinking and decision making take place at the early stages of their design 
processes; eight of them reported that colour takes place in the first step when meeting 
clients and starting the project (Attiah et al., 2014). This study documented 137 terms 
which the fifteen designers use whilst brainstorming and working on a design project; 
subsequent analysis of these terms could form a basis for understanding how interior 
designers communicate the abstract properties of colour as part of their design processes. 
In this paper we show how the 137 terms were categorised according to a framework of 
four categories of colour terms: emotional, descriptive, cultural and functional. In addition, 
seventeen words (scientists names and technical terms), which are widely used in colour 
science (such as: CIELAB, Saturation, Itten) were shown to the designers; their knowledge 
was shown to be incomplete.  

1. INTRODUCTION 
The field of interior design is an interdisciplinary practice that is concerned with the 
creation of interior environments to articulate identity and atmosphere through the 
manipulation of spatial volumes, placements of specific elements, and dealing with special 
surfaces (Coates et al., 2009). Colour is an important element for both 2D and 3D surfaces 
of the interior, thus it plays a big role in the aesthetical success or failure of the interior. 
For this purpose, we are trying to look at the possibilities of enhancing better colour 
schemes for interiors through enhanced colour communication; hypothesising that some 
minor execution problems may be due to lack of technical knowledge and ineffective 
colour communication between designers themselves, designers and public (clients), 
designers and less-experienced designers, and contractors or working people.

2. METHOD 

2.1 Case Studies 
Prior to approaching designers we analysed (Figure 1) three different semi-public interiors 
in the UK and their colour schemes. The analysis considered colours in every aspect of 
each interior (colour in lights, materials, and surfaces, etc.) and how all these appear 
together in the final analysed space. We found that the terms we used in the study need to 
be categorised for a better discussion, thus we have assigned groups where we found the 
terms could fall onto four groups: Cultural, Descriptive, Emotional, and Functional. Table 
1 shows the description of each group.  
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1. INTRODUCTION 
The field of interior design is an interdisciplinary practice that is concerned with the 
creation of interior environments to articulate identity and atmosphere through the 
manipulation of spatial volumes, placements of specific elements, and dealing with special 
surfaces (Coates et al., 2009). Colour is an important element for both 2D and 3D surfaces 
of the interior, thus it plays a big role in the aesthetical success or failure of the interior. 
For this purpose, we are trying to look at the possibilities of enhancing better colour 
schemes for interiors through enhanced colour communication; hypothesising that some 
minor execution problems may be due to lack of technical knowledge and ineffective 
colour communication between designers themselves, designers and public (clients), 
designers and less-experienced designers, and contractors or working people.

2. METHOD 

2.1 Case Studies 
Prior to approaching designers we analysed (Figure 1) three different semi-public interiors 
in the UK and their colour schemes. The analysis considered colours in every aspect of 
each interior (colour in lights, materials, and surfaces, etc.) and how all these appear 
together in the final analysed space. We found that the terms we used in the study need to 
be categorised for a better discussion, thus we have assigned groups where we found the 
terms could fall onto four groups: Cultural, Descriptive, Emotional, and Functional. Table 
1 shows the description of each group.  

Figure 1: Three different semi-public interiors in the UK: restaurant (left), hotel lobby 
(middle) and bar (right).

                             Table 1: Four groups of colour terms category.

Groups Descriptions Examples

Cultural When the colour is used in the interior to 
depict a certain era or when the colour is 
inspired or used to show a cultural 
background.

x renaissance
x modern

Descriptive When a scientific colour term or name is 
used to describe a colour. 

x hue
x shade

Emotional When the colour is used in the design to 
convey or leave a certain impact on users’ 
feelings.

x warm
x cosy

Functional When the colour is used in the space to 
create a specific effect such as to make the 
ceiling higher.

x deep
x enlarging 

2.2 Interviews  
     A semi-structured individual interview approach was conducted to try to find out what 
designers really think, and to prevent designers impacting on each other (as in a focus 
group). A total of 15 designers were recruited from different cultural backgrounds, age 
groups, working experiences, and places of work around the Middle East. The duration of 
each interview was 45-120 minutes for each participant. Data were both qualitative and 
quantitative and in this study the focus will be on two of the fourteen interview questions, 
which are described in Sections 2.2.1 and 2.2.2. 

2.2.1 Collecting terms 

Name terms you always use in your daily design life/career describing colour 
choices/decisions/schemes? 

Designers freely expressed the terms that they usually use in their daily professional lives. 
A total of 137 words were collected (Attiah et al., 2014). The analysis included counting 
the usage frequencies for frequently-used terms and categorising the terms according to the 
four groups in Table 1.

483
AIC2015 TOKYO - Color and Image



2.2.2 Testing knowledge 

What do you know about each given term/name. Summarise what you know about each? If 
not familiar cross the word out.

Designers were given a sheet of seventeen colour terms (Table 2) and asked to write what 
they know about each. They were free to cross out what they believe they do not know. For 
each completed term the responses were categorised as being complete but with ambiguous 
description (CA), correct but incomplete (P), correct (C) or incorrect (X). Table 3 shows an 
example for one of the designer’s responses.  

Table 2: Seventeen colour terms.

Munsell Colour 
intensity 

Ostwald Newton Hue Colour 
saturation  

Chroma Itten Colour 
lightness

NCS CIELAB Colour value 

Pantone RAL system Colour 
vividness

Colour
temperature 

Colour
harmonies 

Table 3: An example of colour terms answer sheets.

Colour terms Answers  Category  
Munsell --- Do not know 
Colour intensity The saturation level of the colour  CA 
Ostwald --- Do not know 
Newton --- Do not know 
Hue Black-white shade X
Colour saturation The intensity of the shade CA 
Chroma --- Do not know 
Itten --- Do not know 
Colour lightness Lighter shade X
NCS --- Do not know 
CIELAB --- Do not know 
Colour value Within the same colour shades P 
Pantone Graphic design; like RAL P
RAL system Used a lot with contractors X 
Colour vividness Darker shade X
Colour temperature Cold vs warm colour C 
Colour harmonies How colours work together C

3. FINDINGS AND DISCUSSION 

3.1 Collected terms
The 137 words were analysed for similarity and 76 unique terms were collected. Table 4 
lists the 76 terms and their usage frequncies. Warm/cool was the most mentioned term with 
a frequency of 10.
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2.2.2 Testing knowledge 

What do you know about each given term/name. Summarise what you know about each? If 
not familiar cross the word out.

Designers were given a sheet of seventeen colour terms (Table 2) and asked to write what 
they know about each. They were free to cross out what they believe they do not know. For 
each completed term the responses were categorised as being complete but with ambiguous 
description (CA), correct but incomplete (P), correct (C) or incorrect (X). Table 3 shows an 
example for one of the designer’s responses.  
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Colour terms Answers  Category  
Munsell --- Do not know 
Colour intensity The saturation level of the colour  CA 
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Newton --- Do not know 
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Chroma --- Do not know 
Itten --- Do not know 
Colour lightness Lighter shade X
NCS --- Do not know 
CIELAB --- Do not know 
Colour value Within the same colour shades P 
Pantone Graphic design; like RAL P
RAL system Used a lot with contractors X 
Colour vividness Darker shade X
Colour temperature Cold vs warm colour C 
Colour harmonies How colours work together C

3. FINDINGS AND DISCUSSION 

3.1 Collected terms
The 137 words were analysed for similarity and 76 unique terms were collected. Table 4 
lists the 76 terms and their usage frequncies. Warm/cool was the most mentioned term with 
a frequency of 10.

Table 4: Collected terms and their usage frequencies (terms with a frequency greater than 
4 are highlighted yellow; terms with a frequency greater than 2 are highlighted grey). 

accent 2 contrast 3 harmony 3 renaissance 1 
achromatic 2 country 1 Honest 1 saturation 1 
active 1 cozy 2 hue 3 shade 5
analogous 2 dark 1 maroon 1 shocking 1 
armani beige 1 daylight 1 metallic 2 sophisticated 1 
artificial 1 earth tones 3 modern 1 split complementary 1 
babies 1 elegant 1 monochrome 4 stressful 1 
beiges 1 family of colours 1 moody 1 strong 2 
bold 2 fashionable 2 mustard 1 tetrad 1 
bright 2 feminine 1 natural 5 tint 4
Brown-scale 1 fire 1 neutral 7 tone 2 
champagne 1 flashy 2 office/formal 1 tone down 1 
childish 1 fresh 1 pale 1 transparent 1 
chroma 1 funky 3 pastel 6 trendy 2 
classic 1 gipsy 1 posh 1 triad 1 
colour scheme 3 green design 1 powerful 1 ultra bright / neon 1 
comfort 1 grey-scale 1 pewter 1 value 2 
complementary 3 Happy 1 refer to samples 1 warm/cool 10
contemporary 1 harmonies 1 relaxing 1 youth 1 

3.2 Categorised terms

Table 5: Categorised terms in the Descriptive, Emotional, Cultural and Functional groups 
and their usage frequencies (terms with a frequency greater than 4 are highlighted yellow; 

terms with a frequency greater than 2 are highlighted grey).

 Descriptive Descriptive Emotional Cultural Functional   
accent 2 maroon 1 active 1 classic 1 comfort 1
achromatic 2 metallic 2 babies 1 contemporary 1 cozy 2
analogous 2 monochrome 4 bold 2 country 1 elegant 1
armani beige  1 mustard  1 childish 1 fashionable 2 feminine 1
artificial 1 natural 5 comfort 1 funky 3 fresh 1
beiges 1 neutral 7 cozy 2 gipsy 1 green design 1
bold 2 pale 1 elegant 1 modern  1 office/formal 1
bright 2 pastel 6 fresh 1 renaissance  1 sophisticated 1
brown-scale 1 pewter 1 funky 3 trendy 2 
champagne  1 refer to samples  1 happy 1 youth 1 
chroma 1 saturation 1 honest 1
colour scheme 3 shade 5 moody 1
complementary 3 strong 2 posh  1
dark 1 tetrad 1 powerful 1
earth tones 3 tint 4 relaxing 1
family of colours  1 tone 2 shocking  1
fire  1 tone down 1 sophisticated 1
flashy 2 trasparent 1 stressful  1
grey-scale 1 triad 1 strong 2

harmonious  1 ultra bright / 
neon  1 warm/cool 1

0
harmony 3 value 2     
hue 3 warm/cool 10
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54% of the filtered terms were categorised as descriptive according to Table 1. Table 5 
summarises the categorised terms. All the fifteen designers included descriptive terms. 
Functional terms such as green design and formal were mentioned the least (10% of the 
terms were categorised as functional). 24% of the terms were categorised as emotional and 
12% as cultural. 44 terms were descriptive, 20 were emotional, 10 were cultural, and 8 
were functional. Some terms were put in more than a category, for example: bold,
warm/cool, and strong can be both descriptive and emotional.

3.3 Technical colour terms
Table 6 shows the seventeen colour terms and a summary of the frequency responses in 
each of the categories: complete but with ambiguous description (CA), correct but 
incomplete (P), correct (C) and incorrect (X).  

                          Table 6: Summary of responses from technical colour terms.

Colour terms CA P C X Do not know 
Munsell 0 2 3 0 10
Colour intensity 9 0 0 5 1 
Ostwald 0 1 1 0 13
Newton 0 2 2 2 9 
Hue 0 0 5 6 1
Colour saturation 6 0 0 6 0 
Chroma 1 0 0 2 9
Itten 0 1 1 0 13 
Colour lightness 1 4 1 9 0
NCS 0 0 0 0 15 
CIELAB 0 0 0 1 14
Colour value 0 3 3 4 5 
Pantone 0 1 5 3 6
RAL system 0 0 3 1 11 
Colour vividness 1 1 1 5 7
Colour temperature 0 0 12 2 1 
Colour harmonies 0 0 13 0 2

As shown in Table 6, the terms that received the most correct responses were colour 
temperature (12 out of 15) and colour harmonies (13 out of 15). Most other terms wee 
poorly understood. The least known terms were: NCS, CIELAB, Itten and Ostwald (15, 14, 
13 and 13, respectively, out of 15 do not know). Ambiguity was shown mainly between 
colour saturation and intensity. 

In terms of the four groups in Table 1, this study has shown that designers in the Middle 
East mostly use descriptive colour terms in their daily profession. However, their technical 
knowledge of colour terms and names, was found to be weak or incomplete in all but a few 
cases. This does not mean that the knowledge on all colour terms in this study is necessary 
for achieving well-chosen colour schemes. The findings therefore show a potential need 
for better technical colour knowledge in relation to design in the region. 
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As shown in Table 6, the terms that received the most correct responses were colour 
temperature (12 out of 15) and colour harmonies (13 out of 15). Most other terms wee 
poorly understood. The least known terms were: NCS, CIELAB, Itten and Ostwald (15, 14, 
13 and 13, respectively, out of 15 do not know). Ambiguity was shown mainly between 
colour saturation and intensity. 

In terms of the four groups in Table 1, this study has shown that designers in the Middle 
East mostly use descriptive colour terms in their daily profession. However, their technical 
knowledge of colour terms and names, was found to be weak or incomplete in all but a few 
cases. This does not mean that the knowledge on all colour terms in this study is necessary 
for achieving well-chosen colour schemes. The findings therefore show a potential need 
for better technical colour knowledge in relation to design in the region. 

4. CONCLUSIONS 
Paterson (2003) suggested that any attempt to define or describe colour by means of words 
is doomed to failure; whereas we believe that an efficient verbal communication and 
knowledge on colour can result in better interior setups consequently. Although some of 
the colour terms in this study (such as Itten, Ostwald and Newton) may not have an impact 
on the colour choices in the design process, and indeed we previously found that most of 
these designers prefer to get inspired when thinking of the colours than sticking to a theory 
(Attiah et al, 2014), good technical knowledge on precise colour descriptions such as 
intensity, saturation and hue will enable effective colour communications. This study led 
us to rethink if designers’ knowledge needs to be rethought of in the region, and if we can 
suggest a framework for designers for better colour and design discussions using the 
resulted categories (Table 2). A future study can include comparing Middle-East 
participants’ results and Western designers’ (for example, in the UK and USA). 
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PS1-15

Effects of Classroom Wall Color on Students
a a  an  eng n ÜNVER

ac t  o  rc itect re   ec nica  ni er it

ABSTRACT
The area that separates and limits between architectural components and space is called physical 

environment. The physical properties of any space may role as limiting, guiding, focuser, combiner and 
separator for users. These properties are more important especially in classrooms where educational 
activities take place. In other words, it is a known fact that properties of physical environment act as 
stimulus and affects student’s behaviour and learning performance. The physical environment factors 

a ing ignificant ro e  in ac ie ement an  reac ing e cationa  goa  are i e  eat  o n  ig t  
color.

There are several research studies in the literature that have explored and determined the 
effect of the interior surface colors on the users. However, these studies were generally conducted in 
offices and living rooms and with adult samples. Unfortunately, there is limited number of studies 
investigating color preferences of children in real space who are within the range of 7-11 years of age 
and in their ‘concrete operational cognitive development stage. In addition, these studies explore by 
showing small colored samples. 

In this paper, the results of an experimental research study which investigates preferences and 
opinions of 8-9 years-old subjects on their classroom’s wall colors will be presented. The steps of this 
research study are given below:
• Selection of classroom wall colors
• Painting the wall of the classroom with these selected colors each week
• Determining students’ color preferences and opinions about each classroom wall color

Five major colors (5R 7/8, 5Y 7/8, 5G 7/8, 5B 7/8, 5P 7/8) were selected by using Munsell 
Color System. Architectural elements in the classrooms are hidden by covering with grey fabric so that 
these don’t affect the wall colors. The selected colors were painted on the walls in each subsequent 
fi e ee  e t ent  a e a  e on  n er i erent a  co or  in t e e fi e ee  e ect  
opinion and preferences were collected through a semantic differential scale survey for each wall color.

In this context, one private and one public school located in the same district of Istanbul were 
chosen. 39 female and 39 male, in total 78 students at the age of 8-9 have participated in this study.

Effects of Classroom Wall Color on Students 
FazÕla DUYAN,    Rengin ÜNVER   

Faculty of Architecture, YÕldÕz Technical University 

ABSTRACT 

It is a known fact that properties of physical environment act as stimulus and affects 
student’s behavior and learning performance. The physical environment factors playing 
significant roles in achievement and reaching educational goals are size, heat, sound, 
light, color. In this paper, the results of an experimental research study which investigates 
preferences of 8-10 years-old subjects on their classroom’s wall colors will be presented. 
Five colors (5R 7/8, 5Y 7/8, 5G 7/8, 5B 7/8, 5P 7/8) were selected by using Munsell 
Color System. The students have had lessons under different wall color in five weeks. 
The preferences of students were collected by surveys for each wall color. 

1. INTRODUCTION 
Effects of stimuli generated by physical properties such as volume, dimensions, 
temperature, sound, color and light on occupants emotions, behavior and performance is 
a well-known fact. In this respect, the effect of color, as one of the primary physical 
environmental elements of classrooms where the majority of learning takes place, on 
students is obvious. Therefore, a research project entitled “The Effect of Lighting and 
Color Schemes on Student’s Performance in Classrooms of Primary School” had been 
initiated. This research has been supported by YÕldÕz Technical University Scientific 
Research Projects Coordination Department. Project Number: 2013-03-01-DOP01. The 
project consists of three basic stages. 

• Determination of students’ personal and classroom wall color preferences using 
color samples, 

• Determination of students’ preferences by painting classroom walls, 
• Determination of the effect of classroom wall colors on student performance. 

In this paper, studies to determine classroom wall color preferences of student groups 
between the ages of 8-10 by means of applying different colors on classroom walls, 
which is the second stage of the research project, will be explained. The findings made at 
this stage of the research will enable data gathering that would be instructive providing 
students with more pleasing educational environments, in terms of “surface color” which 
is one of the physical environmental elements. 

 

2. METHOD 
Procedures followed, on the second stage of “The Effect of Lighting and Color Schemes 
on Student’s Performance in Classrooms of Primary School” research project, by painting 
classroom walls to determine 8-10 ages student preferences can be briefly listed as 
follows: 
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In this paper, studies to determine classroom wall color preferences of student groups 
between the ages of 8-10 by means of applying different colors on classroom walls, 
which is the second stage of the research project, will be explained. The findings made at 
this stage of the research will enable data gathering that would be instructive providing 
students with more pleasing educational environments, in terms of “surface color” which 
is one of the physical environmental elements. 

 

2. METHOD 
Procedures followed, on the second stage of “The Effect of Lighting and Color Schemes 
on Student’s Performance in Classrooms of Primary School” research project, by painting 
classroom walls to determine 8-10 ages student preferences can be briefly listed as 
follows: 

• Selection of the primary schools. 
• Identification of classroom wall colors and application on the walls. 
• Determination of classroom color preferences through surveys.  
• Assessment of survey results. 

 
The research has been conducted with different socio-cultural and economic 

backgrounds, in two elementary schools, one of which is a state school and the other is a 
private school at same location in Istanbul. 18 girls and 25 boys from the Private School, 
21 girls and 13 boys from the State School, in total 77 students have been participated. 
All students were tested for color vision deficiencies prior to participation using Ishihara 
color vision test. In order to prevent the color of classroom equipment influencing the 
color of the walls, benches and panels were wrapped with dark medium gray (N 5/0) 
clothes and classroom cabinets covered with cartons of the same color. The lamps that 
were used in the present luminaries had been replaced with fluorescent lamps with higher 
color rendering index (Ra). Colors that were selected for the study had been applied on 
the walls for 5 consecutive weeks. The surveys were carried out on 10th March-11st April 
2014. Students underwent their education in a different wall colors each week and 
preference surveys were conducted at the end of each week.  

2.1. Identification of classroom wall colors  
Results, obtained from the survey conducted to determine classroom color preferences at 
the first stage of the project, were used in the second stage. Value and chroma for 
selected colors remained constant and hue has changed according to Munsell Color 
System. Five wall colors that were going to be used in research on the second stage of the 
project are red (5R 7/8), yellow (5Y 7/8), green (5G 7/8), blue (5B 7/8) and purple (5P 
7/8).

2.2. Application of Determined Colors and Preference Tests 
Chosen five colors were applied to the classrooms during weekends and students were 
trained for the duration of the week. On the last day of the week (Friday) students were 
given a classroom wall color preference survey. In order to rate participant’s preferences, 
a ten step Likert-type scale was used, ranging from 0 (disliked) to 9 (strongly liked). The 
sample pictures are shown in Figure 1 and 2. 

      

Figure 1: Red, Yellow and Green Classroom  
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Figure 2: Blue and Purple Classroom  

2.3. Assessment of Survey Results 
Data collected from surveys to determine preferences of student groups 8 to 10 years of 
age on colors applied to classrooms are studied in five groups as given below: 

• Girls (private and state) 
• Boys (private and state) 
• Private school (girl and boy) 
• State school (girl and boy) 
• All students (girl and boy; private and state school) 

Scores are given in terms of ratings from 0 to 9 on Likert-type scale as the average 
responses of students and shown in Table 1:   

Table 1. Preference Scores of Students 

 GIRLS BOYS PRIVATE 
SCHOOL 

STATE
SCHOOL TOTAL 

RED 5R 7/8 6,62 5,61 4,74 7,74 6,06 
YELLOW 5Y 7/8 6,10 6,82 6,44 6,47 6,45 
GREEN 5G 7/8 7,00 7,34 6,42 8,12 7,17 
BLUE 5B 7/8 7,54 8,53 8,12 7,91 8,03 
PURPLE 5P 7/8 7,95 6,37 6,53 7,97 7,17 

Girl preference results: In both schools girls have stated their classroom wall color, all 
five color pretty close to each other. The purple wall color was preferred the most and the 
yellow the least (Table 1 and Figure 3).  

Boy preference results: Red turned out to be the least preferred color in both schools, 
whereas blue turned out to be the most preferred. Second to the most preferred color was 
green wall color. Red was the least favored wall color (Table 1 and Figure 3).  

Private school (girl+boy) preference results: As seen in Table 1 and in Figure 4, 
private school students liked the color blue the most. Average rating given by students to 
color blue is 8,1. Blue wall color is followed by purple (5P 7/8), yellow (5Y 7/8) and 
green (5G 7/8.) Red wall was the least liked color among students with a rating of 4,47 
points (Figure 4).  

490
AIC2015 TOKYO - Color and Image



        

Figure 2: Blue and Purple Classroom  

2.3. Assessment of Survey Results 
Data collected from surveys to determine preferences of student groups 8 to 10 years of 
age on colors applied to classrooms are studied in five groups as given below: 

• Girls (private and state) 
• Boys (private and state) 
• Private school (girl and boy) 
• State school (girl and boy) 
• All students (girl and boy; private and state school) 

Scores are given in terms of ratings from 0 to 9 on Likert-type scale as the average 
responses of students and shown in Table 1:   

Table 1. Preference Scores of Students 

 GIRLS BOYS PRIVATE 
SCHOOL 

STATE
SCHOOL TOTAL 

RED 5R 7/8 6,62 5,61 4,74 7,74 6,06 
YELLOW 5Y 7/8 6,10 6,82 6,44 6,47 6,45 
GREEN 5G 7/8 7,00 7,34 6,42 8,12 7,17 
BLUE 5B 7/8 7,54 8,53 8,12 7,91 8,03 
PURPLE 5P 7/8 7,95 6,37 6,53 7,97 7,17 

Girl preference results: In both schools girls have stated their classroom wall color, all 
five color pretty close to each other. The purple wall color was preferred the most and the 
yellow the least (Table 1 and Figure 3).  

Boy preference results: Red turned out to be the least preferred color in both schools, 
whereas blue turned out to be the most preferred. Second to the most preferred color was 
green wall color. Red was the least favored wall color (Table 1 and Figure 3).  

Private school (girl+boy) preference results: As seen in Table 1 and in Figure 4, 
private school students liked the color blue the most. Average rating given by students to 
color blue is 8,1. Blue wall color is followed by purple (5P 7/8), yellow (5Y 7/8) and 
green (5G 7/8.) Red wall was the least liked color among students with a rating of 4,47 
points (Figure 4).  

State school (girl+boy) preference results: Color preferences at the State school, green 
took the first place, followed by blue, purple and red with close scores (8,12 to 7,74 
points). The least preferred color was yellow with 6,47 points (Table 1 and Figure 4).  

 

 
Figure 3: Female and Male Classroom Wall Preference Results 

 

 
Figure 4 : Private and State School (Girl&Boy) Classroom Wall Preference Results 

 

 
Figure: 5. Total Classroom Wall Preference Results 

 
All students (boy&girl; private school & state school) preference results: The 
preference results for all the students participated are seen in Table 1 and Figure 5. 
According to these results blue with a score of 8,03 is the most preferred color. Blue is 
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followed by purple and green with the same score of 7,17. The least preferred color is red 
with a score of 6,06.

3. CONCLUSION 

In order to determine 8-10 years old students’ classroom color preferences, five different 
colors were applied each week successively and a survey was conducted each week. 
Collected data was evaluated by gender (girls and boys), by school (private and state) and 
by sum of both gender and schools. Results could be summarized as follows: 

• In both schools, purple was preferred the most and yellow the least by girl students. 
While blue is the most preferred and red is the least preferred color among boys. Girls 
rated blue with a high score that is close to purple’s.  

• On school basis, while private school students liked the blue most and red the least, 
state school students preferred green the most and yellow the least. State school 
students rated red higher in contrast to private school students. 

• Blue is the most preferred color in both private and state schools and by both genders 
while red is the least preferred color. 

In this research where student preferences are gathered, the highest inclination had 
been towards blue in every group. In this research conducted with 3rd grade elementary 
school students, it has been concluded that participants are most pleased studying in an 
environment painted blue (5B 7/8). 

In order to enable the primary school students to receive education in a happier 
environment, the results from the first stage of the project and from the consequent 
similar studies should act as a guideline for the school headmasters and designers who 
have an important role in classroom color prefer all.  
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A Study on the Evaluation Process of Facade Colour Parameters
Esra KÜÇÜKKILIÇ ÖZCAN and Rengin ÜNVER

 ec nica  ni er it

ABSTRACT
Façade colour is one of the most important factors affecting the architecture of the building and 

the appearance, image / identity of the settlements. Therefore, any decision/determination about the 
façade colour of a building change the appearance and image of both the building and its environment. 
Contemporarily, many material alternatives for facades has been emerged due to the improvements 
in the building and material technology along with the increased painting opportunities. Furthermore, 
in the design process façade colour is being determined according to the the likes / preferences and 
personal desires of architects, occupants, employers, etc. without caring the environmental parameters 
and colour perception factors in practice. Thus, an excessive range of façade colours appear in cities 
causing inharmonious colour appearances and colour pollution in settlements.

To avoid any inappropriate situations due to colour pollution in the design process, building 
façade colours should be determined considering factors such as architectural and environmental 
(natural and built) features as well as colour perception. But in practice, complex relationships of 
related factors constitute a major problem for the colour designers, architects, etc.

Although there are a range of important studies examining the façade colour design and the 
effects of related environmental and perceptional factors, the holistic approaches for the whole façade 
colour design process are very limited.

Therefore, a systematic façade colour design approach for various scales including all the stages 
a  een e e o e  a  a e earc  Pro ect at  ec nica  ni er it  i  a er a ica  re are  

with the aim of introducing the developed façade colour design approach which is constituted of 
e era  tage  main  inc e  a etai e  ana i  o  t e fir t tage o  t e e earc  Pro ect      

The first stage contains the determination of priority regions and buildings on the colour 
planning process, according to the evaluation of the effects of the environmental parameters for 
different settlement scales. For this determination, environmental parameters that effect the façade 
colour design have been established, then these parameters have been evaluated within the context of 
urban appearance and façade colour design. For the evaluation of the parameters, a survey has been 
conducted to educated people at architecture, urban planning, etc. The parameters have been ranked 
and graded according to the survey results in terms of the effects on the urban appearance and façade 
colour design.
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Contemporarily, many material alternatives for facades has been emerged due to the 
improvements in the building and material technology along with the increased painting 
opportunities. Thus an excessive range of façade colours appear in cities causing 
inharmonious colour appearances and colour pollution in settlements. To avoid any 
inappropriate situations due to colour pollution in the design process, building façade 
colours should be determined considering factors such as architectural and environmental 
(natural and built) features as well as colour perception. Therefore, a systematic façade 
colour design approach for various scales including all the stages has been developed as a 
Research Project at Yıldız Technical University. This paper basically prepared with the aim 
of introducing the developed façade colour design approach which is constituted of several 
stages, mainly includes a detailed analysis of the first stage of the Research Project. 

1. INTRODUCTION 
Façade colour is one of the most important factors affecting the architecture of the building 
and the appearance, image / identity of the settlements. Therefore, any decision about the 
façade colour of a building changes the appearance and image of both the building and its 
environment. Contemporarily, many material alternatives for facades has been emerged due 
to the improvements in the building and material technology along with the increased 
painting opportunities. Furthermore, in the design process façade colour is being 
determined according to the likes, preferences and personal desires of architects, occupants, 
employers, etc. without caring the environmental parameters and colour perception factors 
in practice. Thus, an excessive range of façade colours appear in cities causing 
inharmonious colour appearances and colour pollution in settlements.  

To avoid any inappropriate situations due to colour pollution in the design process, 
building façade colours should be determined considering factors such as architectural and 
environmental (natural and built) features as well as colour perception. But in practice, 
complex relationships of related factors constitute a major problem for the colour 
designers, architects, etc.  

There are a range of important studies examining the façade colour design and the 
effects of related environmental and perceptional factors but the holistic approaches for the 
whole façade colour design process are very limited. Therefore, a systematic façade colour 
design approach for various scales including all the stages of urban master colour plan has 
been developed as a Research Project entitled “An Aproach to Façade Colour Design”. 
This research has been supported by Yıldız Technical University Scientific Research 
Projects Coordination Department. Project Number: 2013-03-01-DOP02. This paper 
basically prepared with the aim of introducing the developed façade colour design 
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approach which is constituted of several stages, mainly includes a detailed analysis of the 
first stage of the Research Project.     

2. APPROACH FOR FAÇADE COLOUR DESIGNING 
While preparing urban colour plans, general criteria involving the whole settlement and 
appropriate colour designs need to be done. Colour planning criteria show similarities for 
all settlements. But every settlement has a unique architecture, natural and built 
environments, total area, population, building intensity and distribution, and these 
particularities show diversities from each other. Various particularities of the settlements 
create differences in generating urban colour plans. When considering these varieties, for 
considerably big, complex and constantly evolving cities like Istanbul, preparing master 
colour plans involving all the buildings in the city, requires very detailed and hard work. 

In this research project, which began following these informations, it is needed to 
improve an Approach for Façade Colour Designing in preparing urban master colour plans.  
The project has been started with determining the main procedures for the urban colour 
planning process according to the Approach for Façade Color Designing. Therefore, 
Approach for Façade Color Designing is thought to consist of four basic phases. These 
phases are listed as:   

a. Determining regions (district, quarter, neighborhood, square/street) and buildings of 
the settlement that have priority in making the colour design. 

b. Making the environmental colour analysis of urban regions and buildings 

c. Determining and evaluating the particularities affecting the colour perception of 
urban regions and buildings 

d. Making colour proposals for urban regions and buildings 

Since this paper is limited, only the first one of the above mentioned phases is explained in 
details. 

3. DETERMINING REGIONS AND BUILDINGS THAT HAVE PRIORITY IN 
COLOUR DESIGNING  

Although colour planning criteria are similar in new and current settlements, since the 
particularities of the current settlements are various and independent from each other, it is 
difficult to determine the colour planning criteria and this requires more detailed studies. 
Therefore, particularly in big settlements, beginning with the determination of regions and 
buildings having priority in colour designing and creating an evaluation system to fasten 
the process would be useful in colour planning preparations. But, determining this priority 
depends highly on many factors as socio-cultural structure, economic structure and 
aesthetic features. In this study, assuming that the main role in cityscape is obtained by 
buildings, the priority in colour designing is thought to be determined by “effects of urban 
regions and buildings on cityscape”. 

For this purpose, an evaluation system called “Degrees of Affecting the Cityscape” 
(DAC) has been created in order to determine the regions and buildings having priority in 
colour designing. This evaluation system helps measuring the building and the region it is 
part of. After setting the evaluation system in general, some criteria regarding the features 
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of regions and buildings that affect the cityscape are determined. Subsequently, a 
questionnaire (public survey) has been realized in order to measure the influence degrees of 
the regions and buildings on the cityscape and prioritize these criteria. 

3.1 The Evaluation System on Measuring Influence Degrees of Regions and 
Buildings on Cityscape 
The flow diagram of the evaluation system for determining the degrees of affecting the 
cityscape is fundamentally set from urban scale to building scale (from macro scale to 
micro). However, after many examinations, it is found that the environmental factors in the 
phases from urban scale to neighbourhood scale are very different from the factors in the 
phases from neighbourhood scale to building scale. Therefore, the influence evaluation 
system (DAC) is limited within neighbourhood scale and building scale (from middle scale 
to micro) and presented in Figure 1. 

After setting the evaluation system in general, some criteria regarding the features of 
regions and buildings that affect the cityscape are determined. Some literature 
examinations are made for the criteria in question, and after these examinations, criteria 
regarding effective regions and buildings in cityscape are determined and evaluated in 
details. In this context, the main criteria determined to establish the neighborhood, 
square/street, road, building ect. Having priority in colour designing process, are handled in 
two main groups as region scale and building scale (Table 1). Nine criteria for each group, 
thus totally 18 criteria, and subcriteria for each criterion, are generated. 

 
Figure 1: The phases of the fundamental method about determining the degrees of 

affecting on cityscape of urban regions and buildings 
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Table 1. Criteria regarding the groups : region scale and building scale 

Basic Criteria for region Scale Basic Criteria for Building Scale 
1 Architectural qualification 1 Architectural qualification 
2 Building heights 2 Effect on environmental scape-Height 
3 Effect on environmental scape 3 Effect on environmental scape-Width 
4 Function 4 Function 
5 Presentational effect 5 Presentational effect 
6 Symbolic quality 6 Symbolic quality 
7 Location in the city 7 Location 
8 Topography 8 Façade material 
9 Building intensity 9 Building colour 

 

3.2 Survey Study  
In order to determine the degrees of affection of regions and buildings on cityscape via the 
criteria decided to establish the prior regions and buildings in colour designing and 
presented in Table 1, a public survey has been realized. 

There are totally 24 questions in this questionnaire. In the questionnaire, under every 
question regarding city region, building and environmental factors, there are various 
criteria and each participant has been asked to answer the question by rating every criterion 
based on Liekert Scale. In five degrees rating prepared according to Liekert Scale, 
expressions as “not effective at all, a little effective, effective, fairly effective, very 
effective” are used and each expression is related to a point, such as “not effective at all – 1 
point; a little effective – 2 points; effective – 3 points; fairly effective – 4 points; very 
effective-5 points”. 

The participants are mostly architects and city planners as well as other professions 
which are closely involved in the subject. Information about age, education status, 
profession and etc. are given in Table 2. 

Table 2. The quantity and percentage (proportion) regarding personal information of the 
participants of the questionnaire 

Personal Information Quantity/Nu
mber 

Sex Female  61 
Male 39 

Age 
22-40 73 
40-55 17 
55-70 10 

Education status 
University degree 29 
Master 38 
PhD 33 

Profession 

Architect 67 
Civil Engineer 12 
City planner 10 
Other 11 
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Results obtained by the questionnaire are separately analysed and numerically evaluated 
for each question and criterion. Since the basic criteria are high in number, and thus not so 
easily evaluated directly, in evaluating the basic criteria the “method of factor analysis” 
through the SPSS 15.0 Computer Statistics Program has been used. The analysis for region 
and building scales are separately realized for each basic criterion. In order to determine the 
basic criteria on building scale, a four factor groups’ analysis has been made with the 
evaluation of all the participants. In this four factors group analysis, in the 1st factor group 
there are respectively criteria of façade material and colour; in the 2nd factor group there are 
respectively quality, height, presentational effect; in the 3rd factor group there are 
respectively architectural qualification and location in the city; in the 4th factor group there 
are function and effect on environmental scape-width. 

Following these results, in order to determine the regions and buildings that have 
priority in façade colour designing, basic criteria present in the 1st and 2nd factor groups of 
the region and building scales are decided to be taken into consideration. Speaking more 
clearly, basic criteria given in Table 3 are determined as the most effective features of 
regions and buildings that have affects on city/urban region scape and within the 
Evaluating System created for determining the regions and buildings that have priority in 
façade colour designing, subcriteria of these basic criteria are used to evaluate the degrees 
of affecting the cityscape. 

Table 3. Basic Criteria to be Used for Determining the Influence Degrees of Regions and 
Buildings on Cityscape 

Region Scale Building Scale 
Building heights Façade material 
Building intensity Colour  
Topography Symbolic quality 
Function Effect on environmental scape-Height 
Architectural qualification Presentational effect 

 

In order to determine the degrees of affection the cityscape by regions and buildings, the 
points given for subcriteria of the basic criteria in the questionnaire are summed, then 
divided by the number of the participants and thus the points according to Liekert Scale are 
obtained for each criterion. The features of urban regions and buildings shall be evaluate 
according to the points obtained and the priority in colour designing for these regions and 
buildings shall be done according this grading system.  

4. CONCLUSION 
A successful colour design can be obtained by examining appropriately each scale of the 
city, streets, squares, urban regions and the city itself, examining natural and built 
environments, many factors and data regarding visual perception and colour planning. In 
this context, colour master plans for every settlement should be prepared following the 
basic colour planning criteria. 

Within the research project entitled “Approach for Façade Colour Designing”, of which 
general features and its first phase are presented in this paper, in the preparation of colour 
master plans process, studies relevant apparoach for façade colour designing are still going 
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on. Other data obtained in several phases of the approach, are going to be presented in 
subsequent publications. 
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Correlation between Personal and Classroom color Preferences of 
Children

Rengin ÜNVER and a a 
ac t  o  rc itect re   ec nica  ni er it

ABSTRACT
The appearance and perception of colors make a strong impact on us in our daily lives. Our 

emotion  action  erce tion  er ormance  an  ea t  are in ence   co or  o  t e en ironment  
The perception of color and the selection of color –color preference- are two divert subjects. The 
selection or preferences of colour depends on the age, sex, education, interest sphere and individual 
preferences as well as culture, traditions, religious factors, fashion, social phenomenon, local and 
geographical conditions. The negative and positive reactions of people towards colors are stimulated 

 o  m c  t e co o r fi  t e e ectation  o  t e ercei er  
The color preferences of people differ based on the objects they use and spaces they live in. For 

e am e  a er on can re er r e  or t eir o tfit  an  t e  can o t or a i erent co o r i e 
rc a ing a car  ecorating t eir o fice or ainting t eir e room a   eo e age  t eir ta te  an  

choices evolve in years, which results in a change in their color preferences. 
In this context, a research having two steps have been realized to investigate the correlation 

between personal and classroom wall colour preferences of children aged between 8-9 years has been 
et o  e fir t te  a  carrie  o t in  in t o i erent rimar  c oo  it   t ent  in 

tota   a econ  te  in ecem er  a e  on t e re iminar  re earc  fin ing  a r e  a o t 
the personal and classroom wall color preferences of students was performed in the same schools. 
74 female and 78 male, 152 students in total were involved in the survey. The latter research survey 
sampled 10 hues with different values and chromas and in total 84 different colors; all developed 
based on the former survey results. Through these colors, the correlations between the individual and 
classroom color preferences of the children were determined, examined and questioned.

 
 

Correlation between Personal and Classroom color 
Preferences of Children 

Rengin ÜNVER,   FazÕla DUYAN      
Faculty of Architecture, YÕldÕz Technical University 

ABSTRACT 
The appearance and perception of colors make a strong impact on us in our daily lives. Our 
emotions, actions, perceptions, performances and health are influenced by colors of the 
environment. The color preferences of people differ based on the objects they use and 
spaces they live in. As people age, their tastes and choices evolve in years, which results in 
a change in their color preferences. In the related literature, there are various studies about 
color preferences but subjects of these studies are usually adults and children’s color 
preferences studies are limited.  

In this context, a research has been realized to investigate the correlation between the 
personal and classroom wall color preferences of children. 74 girls and 78 boys, in total 
152 corresponding to the age group of 8-10 have participated in the survey. In the study, 10 
hues having different values and chromas, in a total of 84 different colored samples were 
used and “personal color preferences” and "classroom wall color preferences" of children 
were determined through a survey. This paper aims to explain the method and findings of 
the research.  

1. INTRODUCTION 
Educational environments, especially classrooms where students spend a large part of the 
day have a significant impact on students’ lives. As other physical components in an 
environment, it is a fact that colors of classroom affects students’ performance and 
behaviors. However, classroom colors are determined by school managers or designers and 
students’ preferences and opinions are not considered.  

Therefore, in 2013, a research project entitled “The Effect of Lighting and Color 
Schemes on Student’s Performance in Classrooms of Primary School” was started. This 
research has been supported by YÕldÕz Technical University Scientific Research Projects 
Coordination Department. Project Number: 2013-03-01-DOP01. The project was 
constructed in three parts; determination of personal and classroom wall color preferences 
of students using colored samples, determining personal and classroom wall color 
preferences of students using colored samples, determining students preference of the 
painted classroom walls in different colors and determining the effect of classroom wall 
colors on performance of students. 

This paper presents the findings of the first step of this research project, which consists 
of the studies conducted for determining personal and classroom wall color preferences of 
students’ in the age group of 8-10, using colored samples. 

2. METHOD 
The method of the first step of the research entitled “The Effect of Lighting and Color 
Schemes on Student’s Performance in Classrooms of Primary School” can be summarized 
follows:  
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• Selection of the primary schools. 
• Identification of the colors that are used in the personal and classroom color 

preferences.  
• Determination of individual and classroom color preferences through surveys.  
• Evaluation of survey results. 

Two primary schools (private and state) in the same district of Istanbul were selected. 
The students in the private school have better social, cultural and economic conditions than 
the public school. 33 girls and 38 boys from the private school, 41 girls and 40 boys from 
state school, in total 152 students participated. Before the survey, the color vision 
deficiencies of the students were tested using an Ishihara Color Vision Test. The surveys 
were carried out in their classrooms on 1-13rd December 2013. Each student had spent 
approximately 20 minutes for the surveys. Average illuminance (daylight+artificial 
lighting) level on the working plane in the classrooms was 350-450 lux. The desks were 
covered with a matt grey cloth. 

2.1.  Identification of the Colors that are used in the Personal and Classroom Color 
Preferences. 

84 colors selected for the determination of students color preferences in the survey was 
constructed taking into consideration findings from the first survey that was realized in 
2012 with 119 (60 girls, 59 boys) students (Duyan and Unver, 2013). Principally, Hue, 
value and chroma dimensions of selected colors were determined by using Munsell Color 
System.  

Tablo 1. Munsell Color System Notations for Colors. 
HUE

(Munsell) VALUE/SATURATION 
 HUE     

(Munsell) VALUE/SATURATION 
 

 9/2      9/2    

5R (5R) 8/2     5BG (55) 8/2 8/4   
RED 7/2 7/6 7/10   BLUE-GREEN 7/2 7/6 7/8  

 6/2 6/6 6/10 6/12   6/2 6/6 6/8  

 9/2      9/2    
5YR (15) 8/2 8/6 8/8   5B (65) 8/2 8/4   

ORANGE 7/2 7/6 7/10 7/12  BLUE 7/2 7/6 7/8  

 6/2 6/6 6/10    6/2 6/6 6/8  
 9/2 9/6 9/10 8/12   9/2    

5Y (25) 8/2 8/6 8/10   5PB (75) 8/2 8/6   

GREEN 7/2 7/6 7/10   PURPLE-BLUE 7/2 7/6   
 6/2 6/6     6/2 6/6 6/10  

 9/2 9/6 8,5/10    9/2    
5GY (35) 8/2 8/6 8/10   5P (85) 8/2 8/4   

GREEN-
YELLOW 

7/2 7/6    PURPLE 7/2 7/6 7/8  

 6/2 6/6     6/2 6/6 6/8  
 9/2      9/2    

5G (45) 8/2 8/6    5RP (95) 8/2 8/6   
GREEN 7/2 7/6 7/10   RED-PURPLE 7/2    

 6/2 6/6 6/10    6/2    

 
In this context, in terms of hue, 10 hues (5R, 5YR, 5Y, 5GY, 5G, 5BG, 5B, 5PB,5P, 

5RP) having different values and chroma, in a total of 84 colors were decided to use. 
Lower values were not selected in the previous survey (2012) by the students, therefore 6 
and upper values were used in this survey. Chroma of colors were determined between 2 
and 10 or 12 which are followed each other four step. For equal size in perceptual color 
differences, 1:4 was used as the ratio of units for value and saturation in the study 
according to the recommendations in the literature. Thus, values were selected as 6,7,8,9 
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3.1. Results of Personal Color Preferences 
Girls Personal Color Preferences: The first preference of 74 girls in total on the personal 

color are 5P 7/8 purple (11%) and 5RP 8/9 red-purple (11%). Second most preferred colors 

are 5P 6/8 purple and 5R 7/8 red at the same rate (9%). Third preferred color is 5BG 7/8 

blue-green. According to the results, girls tend to the red, purple as shown in Figure 3.

Boys Personal Color Preferences: Boys prefer strongly 5B 6/8 blue in 21%. Then they 

prefer 5BG 7/8 blue-green, 5PB 6/10 purple-blue and 5R 6/12 red at the same rate (8%). 

Based on the results, boys tend to the bluish colors.  

 

 

Figure 3: Girls and Boys Personal Color Preferences 

Girl and Boy Students Personal Color Preferences: In total, both genders prefer mostly 

5B 6/8 at 13% rate. The second most preferred color is 5BG 7/8 blue-green (7%) and the 

third one is 5R 6/12 red (6%). Girls prefer 5B 6/8 blue at a 5% rate. The blue color BG 6/8 

was the first most preferred color because it was selected by a high rate of boys. 

   

 

Figure 4: Personal Color Preferences (Private & State) 
 

3.2. Results of Classroom Wall Color Preferences 
Girls Classroom Wall Color Preferences: Classroom wall color preference of girls are in 

respectively 5 RP 6/10 red (8%), 5GY 8/10 green-yellow (5%), 5P 7/8 purple (5%) and 

5RP 9/2 red-purple (5%).  
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Boys Classroom Wall Color Preferences: Most preferred color of boys for classroom 

wall color of boys is 5B 6/8 blue (12%). Second preferred colors are 5B 7/8 blue (6%) and 

5YR 7/12 orange (6%).  

 

Figure 5: Girls and Boys Classroom Wall Color Preferences 

Girls and Boys Students Classroom Wall Color Preferences: As shown in Figure 6, a 

total of 152 students’ most preferred wall color is 5B 6/8 at the 6% rate. 5B 7/8 blue, 5GY 

8/10 green-yellow, 5RP 6/10 red-purple and 5YR 7/12 orange follow to 5B 7/8 blue at the 

5% rate.  

  

Figure 6:  Girls and Boys Classroom Wall Color Preferences 

4. CONCLUSION 
The first, second and third preferences on the personal and classroom wall color results are 

given in Table 2 as girls, boys and total. According to the findings, girls prefer mostly red, 

purple hues on personal color preference. Whereas, boys prefer strongly blue. As personal 

color preference, both of the two genders preferences focus in blue   

As classroom wall color preference, girls focus in order to red-purple, green-yellow, 

purple and red-purple. Boys significantly tend to 5B 6/8 blue as wall color preferences. 

Second preferred colors are 5B 7/8 blue and 5YR 7/12 orange sharing at the same rate. In 

total (girls and boys), the first preferred color is 5B 6/8 blue where the high rate of boys 

choosing this color is a determinant. The second, preferred color is shared between 5B 7/8, 

green-yellow, red-purple and orange. 
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Table 2: Distribution of the Preferences on the Individual and Classroom Colors. 

 
 

As a result of the findings, in both personal and classroom wall color preferences, girls 
liked to warm color like red, purple hues. The boys tended to blue (5B 6/8) in both 
personal and classroom wall color preferences. In total, the students preferred 5B 6/8 blue 
as a first color in both personal and classroom wall color preferences. Consequently, it can 
be said that there is a parallel correlation between personal color preference and classroom 
wall color preference of students.   
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Yoshihumi TAKAHASHI1 and Ikuko NARITA2

1 Hosei University Graduate School of Regional Policy Design
1 Couwa Sign Co. Ltd.

2 Sense Up Planning. Ltd

ABSTRACT
In line with the Landscape Act of 2004, the Exterior Advertising Code was revised. At the same 

time a new concept was put into place which includes not only improving aesthetic and scenic beauty 
but also a constitution of a more favorable cityscape. There are a number of issues regarding the 
Exterior Advertising Code such as illegal signboards, restrictions on surface area, as well as a delay 
in adjusting rules to rapid technology innovations. However, in order to create a more satisfactory 
cityscape, more and more color restrictions are being placed throughout the country. Indeed, many 
municipalities have implemented restrictions on high color saturation for signboards. But could 
it be that simple? There should be a way to create an even better and more attractive cityscape 
by incorporating the colors of exterior advertising. Therefore, we reconsidered and studied the 
possibilities of a coexistence between the colors of buildings and exterior advertising. 

The survey was conducted by focusing on a mixed commercial and residential area in the 
amoto i trict o  o e  a an  e con cte  a act fin ing r e  on t e co or  o  i ing  an  

exterior advertising in the district as well as a meeting with the Beautiful City Okamoto Council that 
re   t e terior erti ing e  an  i e ine   a re t  e ere a e to fin  o t t at 

with respect to the local color of the buildings in the entire district, some cityscapes are actually being 
harmonized with the colors of signboards. Therefore, it is conceivable that the colors of signboards 
do not prevent a landscape from forming scenic beauty, rather they become an important factor for 
ea tification  

It has also been recognized that this result was supported by the initiatives of the local residents 
who led the town planning over many years to formulate the guidelines for conforming the colors of 
exterior advertising. 
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ABSTRACT 
In line with the Landscape Act of 2004, the Exterior Advertising Code was revised. At the 
same time, a new principle was put into place which includes not only improving aesthetic and 
scenic beauty but also the overall creation of a more favorable cityscape. There are a number 
of issues addressed by the Exterior Advertising Code, such as illegal signboards, restrictions 
on surface area, as well as delaying the rules to adjust to rapid growth in technology. 
Furthermore, in order to improve the cityscape, there is an increase in color restrictions being 
placed throughout the country. Indeed, many municipalities have implemented restrictions on 
color of high chroma for signboards. But could the solution be that simple? There should be a 
way to create an even better and more attractive cityscape by incorporating the colors of 
exterior advertising. Therefore, we reconsidered and studied the possibilities of a coexistence 
between the colors of buildings and exterior advertising. The survey was conducted by 
focusing on a mixed commercial and residential area in the Okamoto district of Kobe, Japan. 
We conducted a fact-finding survey on the colors of buildings and exterior advertising in the 
district, as well as a meeting with the Beautiful City Okamoto Council that drew up “The 
Exterior Advertising Rules and Guidelines.” As a result, we found out that with respect to the 
regional style of the buildings throughout the entire district, some cityscapes are actually being 
harmonized with the colors of signboards.Therefore, it is conceivable that the colors of 
signboards do not prevent a landscape from forming scenic beauty, yet rather become an 
important factor for beautification. This form of cityscape was even supported by the the local 
residents themselves, who led the town planning over many years to formulate the guidelines 
for conforming the colors of exterior advertising. 

1. INTRODUCTION 
In line with the Landscape Act of 2004, the Exterior Advertising Code was revised. At the 
same time, a new principle was put into place which includes not only improving aesthetic and 
scenic beauty, but also the creation of a more favorable cityscape. According to Article 2 in 
the Exterior Advertising Code, the exterior advertising is “displayed outside in public 
permanently or a certain period of time and is presented on signboards, standing signboards, 
billboards, noticeboards, buildings and other structures and those similar thereto. ”The 
Exterior Advertising Code itself does not contain detailed regulations. Thus, specific 
regulations are mostly determined by each municipality. This can be observed as a preceding 
example of decentralization. (Koide and Anpu 2007: 9-15). Once local authorities have 
become a part of landscape administrative bodies, they are then allowed to set up regulations 
on exterior advertising independently. This enables them to adapt suitable advertising in 
accordance with the local characteristics of their region. There is a lack of accumulated 
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research on the standard  measurements regarding the control of exterior advertising. 
Therefore, even the municipalities that have a positive attitude towards the utilization of 
exterior advertising for the improvement of the cityscape find themselves in a cycle of trial and 
error.  On top of this, there are a number of conflicting issues regarding exterior advertising, 
such as illegal signboards, restrictions on surface area that do not take regional character into 
account, as well as delaying the adjustment of rules in accordance with rapid growth in 
technology. In regards to colors, there is an increasing number of color restrictions placed 
throughout Japan with the aim to create a more satisfactory cityscape. A number of areas have 
implemented  restrictions on color of high chroma for signboards. But could the solution be 
that simple? There should be a way to create an even better and more attractive cityscape by 
incorporating the colors of exterior advertising. Therefore, we reconsidered this principle and 
studied the possibilities of a coexistence between the colors of buildings and exterior 
advertising. The investigation was conducted in the Okamoto district of Kobe, the area of the 
Beautiful City Okamoto Council that drew up “The Exterior Advertising Rules and 
Guidelines” and have been taking an active part in utilizing exterior advertising for 
beautification.  

2. METHOD 
The study method we performed involves a quantitative color analysis of the Okamoto district 
of Higashinada-ku, Kobe-shi. Based on the results from the survey, we examined how the 
coexistence of colors between buildings and exterior advertising influence the quality of 
cityscape color. We also studied the initiatives of the local residents who led town planning 
over many years in order to formulate the guidelines for conforming the colors of exterior 
advertising. Lastly, for the survey of the actual color condition, we employed a visual 
colorimeter supervised by Japan Color Research Institute. The survey was then conducted 
from 10:00 to 15:00 in August, 2014. 

3. RESULTS 

3-1  Community Development of the Beautiful City Okamoto Council 
The Beautiful City Okamoto Council was formed on September, 1982. According to the 
community development agreement of Okamoto district, the area includes the entire area of 1-
chome Okamoto, Higashinada-ku, Kobe-shi and a part of 5-chome Okamoto and 3-chome 
Kitamachi, Honzan. The Beautiful City Okamoto Council established rules such as, 
“Community Development,” to form a community that allows citizens to play a part in 
making decisions about their own city. It has been over thirty years since the establishment of 
the council and the cityscape in Okamoto has shown a dramatic change.  

In recent years, the soaring land prices have accelerated the increase in national chain 
stores, while the number of privately-owned local shops continues to decline. This is indeed 
the case in Okamoto city, whose cityscape of common signboards is being infiltrated by the 
growing number of stores that are putting up unnecessarily gaudy and thoughtless signboards 
with harmful colors. Due to these factors, in 2009 the authorities of Okamoto city began 
research for the formation of “The Exterior Advertising Rules and Guidelines for Okamoto.” 
This set of rules was finally approved at the 32nd general meeting in 2014.The rules outline 
that signboards are an indispensable element of what construct the cityscape. This also 
explains that signboards that harm the beautiful landscape are unsuitable for the city and will 
be restricted under the rules.  
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Moreover, “The Exterior Advertising Rules and Guidelines for Okamoto” aims to increase 

suitable signboards for the overall image of Okamoto. Attractive signboards should enhance 
the city’s charm so that citizens will be even more proud of their city – in turn, this would 
eventually make the city more appealing for outside visitors as well.  

There are three keywords that symbolize the universal elements and essential values of the 
city of Okamoto. These are the following: open sky, Mt. Rokko, and stories told by unique 
paved stones. Naturally, colors significantly influence these images. Considering these aspects, 
Okamoto city determined the suitable colors for exterior advertising as a way to maintain its 
fine cityscape. The city took on the positive challenge to place the colors of signboards in a 
way where they can coexist with the founding characteristics of the city.  

Through the hearing surveys provided, various measures have been taken, such as the 
publishment of the quarterly magazine, “Beautiful Town Okamoto,” and a signboard contest 
that follows with the purpose of drawing up “The Exterior Advertising Rules and Guidelines.” 

These were all conducted to specifically visualize how the city should appear. The hearing 
surveys revealed that it takes steady efforts and enthusiasm to achieve successful community 
development. 

 

3-2  The color investigation result of the Okamoto district 
We performed the color investigation of the Okamoto district. We analyzed it with the 
quantitative investigation into outer wall (79 places) of the building and outdoor advertising 
goods (219 places) and grasped the characteristic of the color.  
 

1) The color investigation result of buildings 
We measured the color of the outer walls of 79 buildings. As a result, a building of the hue of 
YR and Y accounts for 60%. About the value, 8-9, 50% and less than 3 are 7%. About the 
chroma, 1-3, 63% and 4-6, 14% and 7-13, 0% and 14 are 1%. Achromatic color accounts for 
22%, but black isn't and white is 13%. There are a lot of YR and Y of the high value and the 
low chroma overall. Light beige, white and gray of the high value are admitted the local color 
of this district.�  

                          

                                             

        

 

 

 

            

Figure１: Color distribution map of buildings 
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2) The color investigation result of exterior advertising 
We measured the color of exterior advertising goods of 219 places. As a result, it was� white 
(29.2%) that there was the most. It accounts for 47.5% only by achromatic color. There are a 
lot of R (14.6%) and YR (8.7%) by chromatic color. Low and medium value is 43.9%. The 
medium and high chroma accounts for 35.1%. There are a lot of achromatic color, vivid red 
and orange for the feature of the overall color. 

                                                     
        Figure2: Color distribution map of the exterior advertising goods  

                           

3) The features of the colors in Okamoto district 
We found out that the local color of the building is admitted clearly. A commercial store and 
housing are intermingled in this Okamoto district. We can think a possibility that the color of 
the exterior advertising goods influences the quality of the color landscape in this whole 
district is high. A color of medium-high chroma is used for most of colors of the outdoor 
advertising goods backed by the white that is a local color.  

Because the use area of those colors is small, the color of the outdoor advertising goods is 
accent color. In the Okamoto district we can recognize it to be a local color including the color 
of the outdoor advertising goods as well as buildings.  

4. CONCLUSION 
In the Okamoto district, the signboard colors harmonize with the building colors that were 
already established in the whole city over the years. That means exterior advertising colors 
have naturally and successfully created a part of the cityscape without becoming detrimental. 
We can conclude that this achievement was only made possible through the tremendous effort 
put forth by the local initiatives of The Beautiful City Okamototo Council, who have 
successfully made an ideal city come true. 
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ABSTRACT
Colour management in the colour design process in all manufacturing industries are changing 

due the development in technology and the change of needs from the end customers. With todays 
widely available colour measurement technology there are no secrets when it comes to the colour 
shades used by different industries as well as paint companies. Also with the higher demands from the 
end customers to expect the availability of any colour they want, the number of colours are escalating 
for different products in general, and for the coatings industry in particular, with number of colours 
exploding in the paint companies databases often with the consequences that colours are more or less 
visual identical but having different names.  

By taking a more holistic approach to the management of colours in the colour design process 
an  ing a cientific tem a  a at orm t ere are man  enefit  en it come  to ma e t e co o r 
e ign roce  more e ficient an   oing t at to a e time an  mone  in t e management o  co o r  

The starting point in that process is how to make a useful analysis of existing colours, both with digital 
applications as well as visual adjustments and comparisons with other colours on the market with the 
aim to develop a range that can deliver all the colours that is necessary for a market success. 

This will also result in quality improvements and a more understandable offering of the colour 
range to the end customers. 

This paper will present some case studies examining the importance of this holistic approach in 
the colour design process and how that result can be developed into more useful colour collections.
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Hard A, Sivik L, Tonnquist G. 1996. NCS Natural Color System – from Concept to Research and Applications, Part I 
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Bergström B. 2008. Colour Choices – A practitioner´s guide to colour scheming and design. Formas.
Hard A, Sivik L. 1977. Distinctness of Borderline Related to the Natural Color System. In Proc of the 3rd AIC Con-
gress, Color 77, Bristol: Adam Hilger Ltd. 
Hard A, Sivik L. 1978. Distinctness of Border as a Measure of Color Contrast - Effects of background color and border 
length. Rapport till BFR.
Hard A, Sivik L, 1983. Distinctness of border -A concept for a uniform color space. Fackskrift nr F27. Scand. Color 
Inst, Stockholm 
Hard A, Sivik L, 1986. Distinctness of border: An alternative concept for a uniform color space. Color Research and 
Application, Vol.11, No.2. 
Hard A, Sivik L, 1976. Distances between Colours - A Comparison of Different Structures, Göteborg Psychological 
Reports, Vol. 6, No. 7. (also in Edberg, G. (ed) Gruppen för Arkitekturpsykologi Symposium, nr 4, KTH, Stockholm, 
1974.) 
Hard A, Sivik L. 1977. Methodological Studies of Color Changes Due to Distance and lighting: Direct Assessment Us-
ing the Natural Color System. In Proc of the 3rd AIC Congress, Color 77, Bristol: Adam Hilger Ltd.
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ABSTRACT 
Colour management in the colour design process in all manufacturing industries are 
changing due the development in technology and the change of needs from the end 
customers. With todays widely available colour measurement technology there are no 
secrets when it comes to the colour shades used by different industries as well as paint 
companies. Also with the higher demands from the end customers to expect the availability 
of any colour they want, the number of colours are escalating for different products in 
general, and for the coatings industry in particular, with number of colours exploding in the 
paint companies databases often with the consequences that colours are more or less visual 
identical but having different names.   

By taking a more holistic approach to the management of colours in the colour design 
process and using a scientific system as a platform there are many benefits when it comes 
to make the colour design process more efficient and by doing that to save time and money 
in the management of colours. The starting point in that process is how to make a useful 
analysis of existing colours, both with digital applications as well as visual adjustments and 
comparisons with other colours on the market with the aim to develop a range that can 
deliver all the colours that is necessary for a market success.  

This will also result in quality improvements and a more understandable offering of the 
colour range to the end customers.  

This paper will present some case studies examining the importance of this holistic 
approach in the colour design process and how that result can be developed into more 
useful colour collections. 

1. WHAT IS COLOUR? 
According to my built in dictionary on this computer where this paper is written, colour is 
”the property possessed by an object of producing different sensations on the eye as a 
result of the way it reflects or emits light”. We can all agree that colour is a visual 
sensation, that it makes us able to navigate in our daily life, orientate and make social 
statements by picking certain colours for our clothes, our homes, our cars or any other 
items.  

2. NEED FOR COLOUR SYSTEM 
Since colour is something that we as a human beings can see, a colour system should be 
based on visual perception. There are several systems for colours on the market, some of 
them based on colour research in different professional areas, not only in technical 
meanings, but also historical, social and psychological, physical etc., while others are 
basically collections based on purely commercial aspects or spun from technical processes 
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ABSTRACT 
Colour management in the colour design process in all manufacturing industries are 
changing due the development in technology and the change of needs from the end 
customers. With todays widely available colour measurement technology there are no 
secrets when it comes to the colour shades used by different industries as well as paint 
companies. Also with the higher demands from the end customers to expect the availability 
of any colour they want, the number of colours are escalating for different products in 
general, and for the coatings industry in particular, with number of colours exploding in the 
paint companies databases often with the consequences that colours are more or less visual 
identical but having different names.   
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to make the colour design process more efficient and by doing that to save time and money 
in the management of colours. The starting point in that process is how to make a useful 
analysis of existing colours, both with digital applications as well as visual adjustments and 
comparisons with other colours on the market with the aim to develop a range that can 
deliver all the colours that is necessary for a market success.  

This will also result in quality improvements and a more understandable offering of the 
colour range to the end customers.  

This paper will present some case studies examining the importance of this holistic 
approach in the colour design process and how that result can be developed into more 
useful colour collections. 
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sensation, that it makes us able to navigate in our daily life, orientate and make social 
statements by picking certain colours for our clothes, our homes, our cars or any other 
items.  

2. NEED FOR COLOUR SYSTEM 
Since colour is something that we as a human beings can see, a colour system should be 
based on visual perception. There are several systems for colours on the market, some of 
them based on colour research in different professional areas, not only in technical 
meanings, but also historical, social and psychological, physical etc., while others are 
basically collections based on purely commercial aspects or spun from technical processes 

 

 

such as tinting colours in different substrates. 
Colour systems can be described by their purpose and can be divided into different 

levels of sophistication. The most basic of the colour systems are simply different 
collections of colours. The German RAL Classic is a clear example of such a ”system”, or 
to be more precise - a collection of colours. RAL is a collection of popular colours that are 
frequently used in the industrial area. Each colour has an unique four digit number to 
identify them (e.g. RAL 1003 etc.), however this number does not tell or give the user any 
added information about the actual colour, it is just an identification. Other collections 
such as British Standard could be added to this category. 

The next level includes the system that has a production driven purpose. This could be 
tinting systems for tinting machines, or RGB for computers, Pantone for print etc., where 
colours also gives the information how it is mixed.  

The most sophisticated level of colour systems are those based on colour perception and 
on scientific research. NCS (Natural Colour System) is one of those systems, the American 
Munsell is an other one and also, the no longer on the market, DIN (Deutsche Industrie 
Norm) system. Common for those systems are that they are all visually based, with a 
spectrum that covers the colour space and with some kind of logical steps where the 
relation of the colours can be described. This is also reflected in their way to notate the 
colours. There is actually a correlation between the name and the actual colour we can see. 

 

 
 

Figure 1. To illustrate the different levels for colour systems and collections on the 
market. 

3. THE HOLISTIC APPROACH 
With the globalized economy of today with the demand of quicker design processes and 
with outsourced production of the products to foreign countries the management of colours 
are more critical than ever.  
 Since there is no international standard for colours and manufacturing companies and 
industries are competing with the colour range on the market, the management of the 
colours are usually a big part of the design and production process. For manufacturing of 
products the colours are usually the most difficult part to manage when it comes to 
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accuracy and consistency. Often with the result that the “same” colour appears different 
due to different materials and application techniques. 
For the paint industry this often results in overlapping colours, e.g. colours that are 
basically the same but with different names and notations, which also creates a situation 
where it is difficult to manage the issues of, colour accuracy and consistency in the 
production. It also makes it difficult to get a holistic view from marketing, sales and 
production point of view. 

4. CASE STUDIES 

By taking a holistic approach in the design process and using a visual based colour system, 
the management of colours can be done in a more simplified way, no matter if there are 
just a few colours for a range of products or a more extensive range for a paint industry. 
 
 
 
4. 1. Product manufacturer 

A manufacturer of household goods used to have 50 different colours for their range of 
products. The products were produced in different materials and applications such as 
powder coating, industrial coating, plastics, vinyl etc. with the result of difficulties to 
manage the wide range of colours and materials in terms of accuracy and consistency.  
 By comparing the used colours with the colours from competitors on the market and 
make an analysis and illustrate this in a visually based colour system, the company were 
able to reduce the number of colours from 50 down to only 6 but with a maintained strong 
offering to the market in terms of good and useful colours. It also made them able to 
differentiate from the competitors and make huge savings in the management process of 
their colour range. 
 
 

 
 

Figure 2. Comparisons for different producers of household goods and how the colours 
are located in the NCS colour system 
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4. 2. Paint producer 

With the introduction of automatic tinting machines in the decorative coatings business, 
the options for the customer have dramatic increased in number of shades.  

As a walk in customer in a paint shop, we expect the shop to be able to present and 
instant deliver a wide range of different shades. We also expect to be guided with colour 
sample material so we can see with our own eyes how the final colour will look like. 
Sometimes we also bring a piece of painted material that we would like to find the very 
same colour for, or a colour that goes well with it. Because of the possibilities in the 
modern tinting technology and the implementation of information technology, paint shops 
can carry thousands of formulas for different shades and quality of products. Not only for 
the brand that the shop sell, but also for other common colour collections on the market 
with competitors selections etc. 

A mid sized decorative paint producer in the Middle East took the decision a few years 
ago to update their colour range and to get away from the clutter and overlapping colours 
in their tinting system. The primarily used fan deck was the Nova colour card with approx. 
2000 colours with some additional influx from other fan decks such as British Standard, 
RAL, NCS, competitors etc. resulting in a database with more than 5000 formulations. The 
aim was be better represented in the colour space and cover more areas and give the end 
customer a better range of colours that is considered to be richer even though the number 
of colours are less.  
 By taking all the these different colours and using a visual based colour system as NCS, 
the ground work was to illustrate the range of the colours and identify areas where there 
were overlapping colours as well as areas with missing colours. 
By mapping all the colours all those areas were easily identified and it made it possible to 
refine the colour range in a more efficient way.   
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Figure 3: Different colour cards measured and notated into a visual colour system that 
gives the ability to see the correlation between the colours and how they actually are 

related. 
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By then identify the most important areas, a new range of colours could be developed that 
meet the demand from the market as well as create a more useful range. 
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Figure 4: Areas that needed to be included in the new range. 

 
This work ended up in a new collection with 915 colours, all carefully selected and with an 
even distribution in the colour space, eliminating overlaps and creating a more 
comprehensive range for the market. 

By making this reduction, this paint producer was able to increase their efficiency and 
cut time and costs in the handling of different formulations. 

5. CONCLUSIONS 

Modern technology in the productions process gives infinity possibilities of different 
colour shades on manufactured products or in paint. However, from both a customer point 
of view and for the management of the production and handling for the producer, the huge 
number of colours will not really add any benefits in the end. Instead customers are more 
helped with less clutter and a more balanced colour range. 

Customers want more options, but they also need guidance and a straight offer for their 
colours. 

The challenges manufacturing industries as well as the coatings industry is to optimize 
their offering, by using advanced technical systems but also to benefit from colour systems 
based on visual perception – since colour is something we all can see. 
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ABSTRACT
In recent years the philosophy of Biomimicry is in increase, Biomimicry states that Nature is 

a re t o   i ion ear  o  e o tion  ro i e   it  an infinite  ric  com ination o  i om 
and beauty.  We can obtain observing, exploring and imitating Nature strategies to solve any kind of 
ro em e co  a e  at i   man  re earc er  o  an  fie  o  cience an  art a e t eir t ie  

on its creations.
One fundamental principle of nature is the optimization of resources, obtaining more with less. 

Specialists in Nature studies state that most objects in nature respond with functions according to the 
conte t t at efine  t em  in t e mo t economica  manner  So  in nat re t ere are not coinci ence  
everything has a reason to have a kind of form, structure, movement, texture, odor, color, reaction, and 
so on.

it in t i  o  o  in ormation t at rro n   e fin  t e e i o tera tter  an  mot  
egg, caterpillar and it metamorphosis throughout cocoon to become adult, a source of inspiration with 
a great potential for yielding results to apply to product and graphic design. 

n a an e i t aro n   ariation  o  tter  an  mot  aro n   n re  are tter ie  
and the remainder are moths. This project illustrates the scope of some of those Lepidoptera color 
attern  ic  ro i e  a i e ariet  com ination o  co or  man  o  t em i fic t to imagine  t at i  

why those invites us to deepen on them. The environment around them is the reason of they coloration, 
to camo age or to ra  attention to one o ecti e  r i e  

The center of the research is to study some species that have bright colors to flaunt in the 
context, in the other hand some ones that pass unnoticed by its neutral colors.  Information as the 
color of the food they take, eggs, caterpillar, cocoon and butterflies and moths are collected from 
many source to obtain a comparative graphical table of patterns color combination that they have, the 
objective is to design a pallet of color patterns as a tool useful for original creations for graphic and 
industrial design products, useful on daily life and suitable to different environments as hazardous, 
quiet, modern, classical, cheerful, sporting to mention some.

 

 

Exploring combinations of color patterns in Nature 
Akemi YAMASHITA,1 Naoko TAKEDA,2   

1 Okayama Prefectural University 
2 Tecnológico de Monterrey 

 

ABSTRACT 

In recent years the philosophy of Biomimicry is increasing, Nature is a result of many 
years of evolution, provides us an infinitely rich combination of wisdom and 
beauty.  Observing, exploring and imitating Nature’s best strategies we can obtain 
innovating ideas to solve any kind of needs and problems. That is why many researchers of 
any field of science and art base their studies on its creations. 

We find the Lepidoptera (butterfly and moth) egg, caterpillar and its metamorphosis 
from  pupa to adult, a source of inspiration with a great potential for achieving  results to 
be applied in product and graphic design. 

The focus of this research is the study of some species that have bright colors to flaunt 
in the context they are, in the other hand some that pass unnoticed by its neutral 
colors.  Information as the color and graphic patterns of egg, larvae, pupa and butterflies 
and moths are collected from many source to obtain a comparative graphical table of 
pattern color combination. The objective is to design a palette of color patterns as a tool 
useful to do original creations for graphic and industrial design products, convenient for 
daily life and suitable to different environments as hazardous, quiet, modern, classical, 
cheerful, sporting to mention some. In this occasion we design some foldable umbrellas 
and their covers. 

INTRODUCTION 

Through the development of technology, in these days, the population living in artificial 
environment as cities is increasing, away from Nature. The coexistence with animals, 
plants, insects, is more and more difficult. It is reflected as a recent incident in Japan, 
covers for elementary school notebooks that had been featured with photographs of insects 
for long time, have been recalled because they are no longer familiar to children, even 
more they are considered as ugly beings. 

One fundamental principle of nature is the optimization of resources, obtaining more 
with less. Specialists consider that Nature respond with functions according to the context 
that defines them, in the most economical manner. So, in nature there are no coincidences, 
every form, structure, movement, texture, odor, color, reaction has a reason. 

Butterflies and moths are just an example of what marvelous the Nature is, of course the 
complete metamorphosis they undergo, but also the birth of larva from egg, their 
transformation to caterpillar and then to pupa. 

Lepidoptera is one of the most widespread and widely recognizable insect orders in the 
world. In Japan exist around 5800 variations of butterfly and moth, around 3 hundred are 
butterflies and the remainder are moths. This project illustrates the scope of some of those 
lepidopteras color patterns, which provide a wide variety combination of designs and 
colors many of them difficult to imagine, that is why these invites us to deepen a research 
on them. The environment around lepidoptera is the reason of their motives, to camouflage 
or to draw attention to one objective: survive. 
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Within this body of information we can infer that the pattern and the color combination 
of each stage of lepidopteran species have a reason to be as the way as they are. Even there 
are still remaining many unknowns to discover, scientific around the world are discovering 
interesting features about their colorations useful to be apply on the development of design 
products. 

2. METHOD 
1.   Selection of the Lepidoptera inhabiting in Japan.  
       We select the most common Lepidoptera species to analyze, as Namiageha (Asian 

swallow tail) and others that have interesting patters and colors. 
2. Observation and analysis of each step of transition 
       We observe some species from egg until adult: colors, patterns, textures, movement, 

feeding, the transition when casting of the skin, pupa and silk.  
       Common swallow tail butterfly, known as Namiageha in Japanese, lay a individual 

brilliant yellow and spherical egg on the host plant (citrus like mandarin and oranges 
or Japanese peppers plants), most of the cases on the underside of the leaf to protect 
them from the predators like bees. The egg become dark and transparent before larva 
get out, larva has as first food the egg’s shell. The aspect of the larva is textured with 
thorns, black body with white spots. They transform to green caterpillar as mimicking 
the color of the host plant. The color of pupa could be green or brown. The wings of 
the butterfly are striped black and white with small orange and blue circles as accent 
colors. 

3. Revise printed literature and web information 
The most of butterflies and moths after mating have a host plant where they lays eggs, 
the plant will be the food of larvae during caterpillar’s instars until reach fully mature, 
and then develop into a pupa, chrysalis in the case of butterflies and cocoon for moths. 
Butterfly and moth are cover by scales throughout their bodies and wings, over 
millions of years of evolution, result a wide range of patterns and colorations from 
drab to brightly colored and complex-patterned. 

 
Namiageha principally mimics in the following aspect:  
§ In the first stage of larvae is mimicking bird droppings, showing that are not taste 

good.	 
§ Caterpillar turns green color as the host plant. The two eyes like spot are mimicking 

the face of a snake or a cat, which are enemy of the birds. Those eyes are oval 
conformed by 3 colors, black, red (warning color) and in the middle a white line like 
iris (exactly as the cat eyes).	 

§ The larva chooses the place to become a pupa, the texture, odor, the diameter or the 
branch influence to become a green or brown chrysalis. 	 

§ In the adult stage, the shape of the back wings have an elongation as swallows have, 
near presents an orange dot, those characteristics are mimicking a face in backwards to 
deceive the enemy.	 

	 
4. Conformation of color scheme. See 2.1 
5. Development of patterns. See 2.2 
6. Application in a product design See Result and Discussion. 
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2.1 Conformation of color scheme 

Table 1 shows roughly the analysis of the colors and patterns of Lepidoptera.  
 

 
Table 1. Colors and Patterns of some Lepidoptera 

 

Table 2. shows in detail the study of color and pattern which were conducted for 
Namiageha from egg to adult stages and the host plant.  

 

 
Table2. Color and Pattern of Namiageha from egg to adult stage. 
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2.2 Development of patterns   

In the section on Results and Discussion are described the results obtained of the 
development of some analyzed patterns. 

3. RESULTS AND DISCUSSION 

The developed patterns were applied on a common product as an umbrella (parasol), 
wich are used in the daily life.  

This is the first step of the project, that is why Namiageha was chosen as main sample 
to develop new patterns. On the figure 1 are shown three variations of motives developed 
from the same Namiageha butterfly. Above in the figure are the inner of the hind wings, 
applied to the inside of the umbrella, below are the outside of the hind wings applied to the 
outside of the umbrella. Each pair represent one umbrella.  

 
Figure 1: Patterns apply to canopy cloth of umbrella inspired by Namiageha's butterfly, 

both side of the hind wings. 
 
As metaphor of the transition from larva to pupa, a reversible cover for the foldable 

umbrella was designed, one side  refers to the green larva, and the reverse side to pupa in 
two colours as the Namiageha chrysalis could become. Fig. 2 

 

         
Figure 2: Patterns inspired by Namiageha’s caterpillar and chrysalis  
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Others samples of lepidoptera attractive in their different stages were developed.The 
figure 3 shows Iraga (Monema flavescens) moth, Sujigurokabamadara (Danaus genutia) 
and Aobaseseri (Choaspes benjaminii) butterflies. 

 

     
Figure 3: Patterns inspired by others butterfly and moth both side of the hind wing, 

caterpillar and pupa 
 

Consider that it is the first step, the graphics resulting until now, have been applied to 
the design of umbrellas for women, this is the first stage of the project. The theme chosen 
for them, was striking, with the same principle further applications could be develop as an 
umbrella for emergency, umbrellas for children, signals. So well, camouflage in the 
context is also a intersanting issue to be developed.  

The pattern could be applied also to products like parachute, glider, tarp, architecture, 
outdoor wear, traffic safety equipment and soon. 

On the other hand, it is our intention continue developing the palette of colors and 
designs, considering more butterflies and strengthening aspects of camouflage and 
mimicry. 

4. CONCLUSIONS 

The wide variety of lepidoptera is an endless source of useful patterns for design 
development. Inspired by only one butterfly we can get several variations, if we take in 
account that there are more than 5,000 species only in Japan, we can infer that it is possible 
to get at least 5000 graphic patterns. We consider that the color scheme obtained is a 
potential tool, useful to develop different design depending the needs and the context in 
which the product will be used. 
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Visual Impressions Induced by Colours of Facial Skin and Lips
Mei-Ting LIU, Hsing-Ju HUNG, Wen-Ling DENG and Li-Chen OU

Graduate Institute of Colour and Illumination Technology, National Taiwan University of Science and 
Technology, Taiwan

ABSTRACT
There have been studies into visual impressions of skin tones and make-ups. For instance, Zeng 

and Luo found in 2011 that the preferred skin tones for Oriental and African faces were more reddish 
than real skin tones. The common flaw of such studies, however, was in the method of generating 
visual stimuli, i.e. the visual stimuli were selected or created without controlling any factors that might 
affect the visual results, such as age, facial features (e.g. eye size) or facial expressions. Without any 
control of these factors, it would be hard to justify whether the results were based solely on skin tone 
or whether they were impacted by other factors. For this reason, the present research conducted two 
psychophysical experiments based on one original face image, which was manipulated by colour, in 
order to investigate visual impressions induced by facial colours including colours of facial skin and 
the lips.

e fir t e eriment a  aime  to in e tigate i a  im re ion  in ce   acia  in tone  
The visual impressions were measured in terms of bipolar scales including active/passive, vibrant/dull, 
healthy/unhealthy, extraordinary/common, cute/not cute, sexy/not sexy, natural/unnatural, sensible/
insensible, beautiful/ugly, young/old, delicate/strong, innocent/worldly and like/dislike. These scales 
were selected on the basis of a questionnaire survey conducted before the main experiment. A total of 
75 skin tones were tested using the face images, assessed by 35 observers with normal colour vision. 
The face images were presented on a 27-inch liquid crystal display (LCD) with a display luminance 
of 79 cd/m2, situated in a darkened room. The experimental results show that the lightness of skin 
tone had little effect on all scales studied. There was a strong effect of hue on the impression of skin 
tone or a  ca e  e c roma o  in tone a  ignificant e ect  on  on ea ti g  an  e
not e  egar ing et er t ere a  an  gen er i erence in t e o er er re on e  ma e an  
ema e o er er  ere o n  to agree it  eac  ot er or c te not c te  e not e  an  nat ra
nnat ra

The second experiment used face images with 3 skin tones and 45 lip colours, resulting in 
135 combinations, as the stimuli, each assessed by 30 observers with normal colour vision. The 
e erimenta  re t  o  t at o er er  im re ion a  ignificant  a ecte  in term  o  ea ti

g  e traor inar common  i rant  an  e icate trong  e ig tne  c roma  an  
e o  i  co o r  ere a  o n  to a e ignificant e ect  on a  ca e  a e an  ema e o er er  

ere o n  to agree it  eac  ot er in term  o  armonio i armonio  i e t e  a  i erent 
re on e  in e icate trong 
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and Lips 
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Graduate Institute of Colour and Illumination Technology, National Taiwan University of 
Science and Technology, Taiwan 

ABSTRACT 
Two psychophysical experiments were conducted to investigate visual impressions 

induced by colours of facial skin and lips. The first experiment focused on the effect of 
facial skin tone. The visual impressions were measured in terms of bipolar scales including 
active/passive, vibrant/dull, healthy/unhealthy, extraordinary/common, cute/not-cute, 
sexy/not-sexy, natural/unnatural, sensible/insensible, beautiful/ugly, young/old, 
delicate/strong, innocent/worldly and like/dislike. A total of 75 skin tones were tested 
using the face images, assessed by 35 observers with normal colour vision. The face 
images were presented on a 27-inch liquid crystal display (LCD) with a display luminance 
of 79 cd/m2, situated in a darkened room. The experimental results show that the lightness 
of skin tone had little effect on all scales studied. There was a strong effect of hue on the 
impression of skin tone for all scales. The second experiment used face images with 3 skin 
tones and 45 lip colours, resulting in 135 combinations, as the stimuli, each assessed by 30 
observers with normal colour vision. The experimental results show that observers’ 
impression was significantly affected in terms of "beautiful/ugly", 
"extraordinary/common", "vibrant/dull" and "delicate/strong". The lightness, chroma, and 
hue of lip colours were all found to have significant effects on all scales. Male and female 
observers were found to agree with each other in terms of "harmonious/disharmonious" 
while they had different responses in "delicate/strong ". 

1. INTRODUCTION 
Facial expression is the most direct and honest reflection of a person’s emotions.  

Interactions between two human beings often begin with the observations of each other’s 
faces, which have this unparalleled ability to immediately convey the emotional states of 
the persons.  To a certain degree, faces could even reveal what kind of person someone is.  
Using the information gathered through observing the faces, a person could make different 
choices in his or her approach to other human beings. 

There have been studies into visual impressions of skin tones and make-ups. For 
instance, B. Fink et al. (2008) tracked the observers’ eye gaze while they viewed images of 
varied skin colour distribution. It shows that skin colour distribution is highly correlated 
with age, health conditions, and attractiveness. Y. Yuan et al. found in 2011 that there are 
differences between male and female observers’ responses in “attractiveness”, 
“cooperativeness”, and “masculinity” while using virtual face images for skin tones 
research. Zeng and Luo found in 2011 that the preferred skin tones for Oriental and 
African faces were more reddish than real skin tones. In addition, varied from the lightness 
of skin tone, the observers’ preferences for chroma and hue of skin tone were different. 

In recent decades, computer animation is developed rapidly. Virtual characters have 
been seen more and more in a wide range of applications in daily life. In order to enhance 
the realistic of virtual characters, it is important to use the suitable facial make-up to show 
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the personality of the characters. According to the analysis of experimental results in 
present research, design guidelines can be provided to computer animation and other 
related industries. 

The aims of present research include: 

x To investigate the connection of virtual character’s skin tone and observers’ visual 
impressions. 

x To investigate the connection of virtual character’s make-up and observers’ visual 
impressions. 

x To realise the interaction of the colours on the face.  

x To give different colour collocation for individual virtual character. 

2. METHOD 
The present research had two parts. The first part was aimed to investigate visual 

impressions induced by facial skin tone. The second part was to investigate visual 
impressions induced by facial colours including colours of facial skin and the lips. The 
visual impressions were measured in terms of bipolar scales including active/passive, 
vibrant/dull, healthy/unhealthy, extraordinary/common, cute/not cute, sexy/not sexy, 
natural/unnatural, sensible/insensible, beautiful/ugly, young/old, delicate/strong, 
innocent/worldly and like/dislike. These scales were selected on the basis of a 
questionnaire survey conducted before the main experiment. There were 35 observers 
(including 10 females) in the first experiment to conduct the questionnaire. 

2.1 Experiment condition 
The liquid crystal display (LCD) used in this research was EIZO ColorEdge CX270, 

which was calibrated to sRGB by X-rite i1 Pro. In order to present the right experimental 
colour, the display used the GOG model for colorimetric characterisation. Both of the 
experiments used the same LCD situated in a darkened room. 

The reference white for the first experiment had a luminance of 78.76 cd/m2, of which 
the chromaticity coordinates (x, y) was (0.3083, 0.3291). The reference white for the 
second experiment had a luminance of 81.92 cd/m2, with chromaticity coordinates of 
(0.3092, 0.3277). The visual distance was about 1 metre for the first experiment and 0.5 
metres for the second experiment. 

2.2 Observers 
Observers of both experiments were students of National Taiwan University of Science 

and Technology, aged from 22 to 29 years. There were 35 observers (including 19 females) 
participated in the first experiment. In the second experiment, among the 30 observers 
(including 14 females) were 19 observers taking part in both experiments. All of the 
observers passed the Ishihara test for colour deficiency. 

2.3 First experiment 
The experimental images were 5*5 in size, and were put together for every 25 images 

presented against a mid-grey background. Each image was framed with the reference 
white. Between any two slides, there was a full-screen slide with mid-grey background for 
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at least 1 second to avoid the afterimage effect. The observers had no time limit to evaluate 
each test image using the 13 scales. 

2.4 Second experiment 
According to the results of the first experiment, the highest score of combination of 

chroma and hue in “natural/unnatural” was picked up, which had C*ab=36, hab=45 degrees. 
Colours with lightness values of 50, 60 and 70 corresponded to the light, medium, deep 
tones.  

A total of 95 lip colours, which were acquired in terms of tristimulus values from our 
market research using a spectrophotometer Xrite-962. These were then converted into 
CIELAB values. Based on these 95 colours, a total of 135 colours were selected 
systematically from CIELAB space were selected for recolouring the lips in the 
experimental facial images. 

Five semantic scales were used in the second experiment, of which two, 
“beautiful/ugly” and “extraordinary/common”, were selected according to the Principal 
Component Analysis (PCA) results. The other three scales, “vibrant/dull”, 
“delicate/strong” and “harmonious /disharmonious” were selected on the basis of the 
component loading results.  

3. RESULTS 
The results of the first experiment converted the data on the basis of the categorical 

judgment method to determine the scale values. Figure 1 shows the scale values of 
“natural/unnatural” plotted against hue angle. 

 

Figure 1: the scale values of "natural/unnatural" in the first experiment 

All the other scales show trends similar to the graphs. ANOVA was conducted to see 
whether there was any influence of lightness on each scale. According to the results, the 
lightness of skin tone had little effect on all scales, and the hue of skin tone had significant 
effects on all scales except vibrant/dull and sexy/not sexy. No matter what the lightness of 
skin tone was, observers preferred the reddish skin tone for chroma values of 20, 28 and 
36. Observers preferred orange skin tone for chroma values of 44 and 52. 

The second experiment was to investigate the influence of lightness of skin tone in 
terms of the 5 semantic scales. No matter what the lightness of skin tone was, the higher 
the chroma of lip colour was, the higher the scale value was for all scales. In other words, 
if the chroma of lip colour that virtual character used was higher, there were more chances 
for observers to have the association with the 5 scales, “beautiful/ugly”, 

524
AIC2015 TOKYO - Color and Image



 

 

at least 1 second to avoid the afterimage effect. The observers had no time limit to evaluate 
each test image using the 13 scales. 

2.4 Second experiment 
According to the results of the first experiment, the highest score of combination of 

chroma and hue in “natural/unnatural” was picked up, which had C*ab=36, hab=45 degrees. 
Colours with lightness values of 50, 60 and 70 corresponded to the light, medium, deep 
tones.  

A total of 95 lip colours, which were acquired in terms of tristimulus values from our 
market research using a spectrophotometer Xrite-962. These were then converted into 
CIELAB values. Based on these 95 colours, a total of 135 colours were selected 
systematically from CIELAB space were selected for recolouring the lips in the 
experimental facial images. 

Five semantic scales were used in the second experiment, of which two, 
“beautiful/ugly” and “extraordinary/common”, were selected according to the Principal 
Component Analysis (PCA) results. The other three scales, “vibrant/dull”, 
“delicate/strong” and “harmonious /disharmonious” were selected on the basis of the 
component loading results.  

3. RESULTS 
The results of the first experiment converted the data on the basis of the categorical 

judgment method to determine the scale values. Figure 1 shows the scale values of 
“natural/unnatural” plotted against hue angle. 

 

Figure 1: the scale values of "natural/unnatural" in the first experiment 

All the other scales show trends similar to the graphs. ANOVA was conducted to see 
whether there was any influence of lightness on each scale. According to the results, the 
lightness of skin tone had little effect on all scales, and the hue of skin tone had significant 
effects on all scales except vibrant/dull and sexy/not sexy. No matter what the lightness of 
skin tone was, observers preferred the reddish skin tone for chroma values of 20, 28 and 
36. Observers preferred orange skin tone for chroma values of 44 and 52. 

The second experiment was to investigate the influence of lightness of skin tone in 
terms of the 5 semantic scales. No matter what the lightness of skin tone was, the higher 
the chroma of lip colour was, the higher the scale value was for all scales. In other words, 
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“extraordinary/common”, “vibrant/dull”, “delicate/strong”, and “harmonious 
/disharmonious”. 

Except “extraordinary/common”, when the lightness values of skin tone were 50 and 
60, the variability of chroma of lip colour had no significant effect on scale values. In 
addition, no matter which chroma of lip colour coordinate, the scale values were the lowest 
for lip colours with a lightness value of 70. 

 

Figure 2: comparisons between male and female observers in the second experiment 

According to figure 2, the comparisons of male and female observers, “delicate/strong” 
show a wide spread in the scatter graph. The result suggests that the image which felt 
delicate for male observers did not felt so for female observers. Figure 3 shows that female 
results show larger variability than male in rating different images. This suggests that male 
observers were not as sensitive as female observers in terms of visual impressions of skin 
tones and lip colours. 

 
Figure 3: comparisons of "delicate/strong" between male and female observers 

According to the comparison of the two experiments using ANOVA, there were strong 
difference in the values of “beautiful/ugly”, “extraordinary/common”, “vibrant/dull”, and 
“delicate/strong” between whether a virtual character had make-up or not. Another result 
was that the lightness, chroma, and hue of lip colour had significant influence on all scales. 
In addition, there was significant interaction between the lightness and hue of lip colour in 
“extraordinary/common” and “vibrant/dull”. There was also significant interaction 
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between the chroma and hue of lip colour in “harmonious /disharmonious” and 
“vibrant/dull”. 

For skin tones with a lightness value of 50, the lightness of lip colour would need to be 
higher for the facial image to feel more beautiful and more harmonious. For those with 
lightness of 60, the lip colours with lightness of 45 were found to be the most beautiful and 
most harmonious. For skin tones with lightness of 70, observers tended to associate the 
virtual character’s face with being ugly, dull, strong and disharmonious for lip colours with 
a lightness value of more than 70. 

4. CONCLUSION 
Ou and Luo (2006) have developed a two-colour harmony model based on contextless 

colour patches. This quantitative model was tested using the current experimental data, i.e. 
the CIELAB values of the skin and lip colours used in Experiment 2. As figure 4 shown, 
the test result shows a correlation coefficient of only 0.0045, indicating poor predictive 
performance of the colour harmony model for colour combinations of facial skin and the 
lips in a facial image. 

 
Figure 4: the colour harmony model by Ou & Luo v.s. the result of the present research 

The virtual characters used in the computer simulation of the experiments were based 
on Southeast Asian females.  It is thus recommended that, for a more comprehensive 
investigation of facial skin colours, virtual characters of various races and genders be used 
in future studies.  Additionally, the races and cultural backgrounds of the observers 
should also be included as factors in order to compare any discrepancies between the 
visuals and different groups of observers. All of the observers in the experiments were 
between the ages of 22 to 29 years, making it difficult to eliminate the possibility that age 
might by one of the factors influencing the results of the study. 
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should also be included as factors in order to compare any discrepancies between the 
visuals and different groups of observers. All of the observers in the experiments were 
between the ages of 22 to 29 years, making it difficult to eliminate the possibility that age 
might by one of the factors influencing the results of the study. 
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ABSTRACT
Pictogram is a square including representative figure which indicates function or purpose of 

the facility. ISO7001:2007 and JIS Z8210:2002 standardize various pictograms, and new pictograms 
are being proposed as needed. These pictograms are used in countries with different languages 
spoken, so although with different degrees of recognition, they are able to make people understand 
the space intuitively. They are useful in constructing urban building space becoming more and more 
internationa  Sa et  o or  o  S  are a ie  to ictogram  or fire re enti e e i ment 
and evacuation signs, but other pictograms tend to have white background and black foreground 
internationally. On the other hand, in Japan, pictograms for toilets have distinct tendency of colors (blue 
for men, red for women). There are various ways to use colors for pictograms.

 Our study therefore conducts comparative survey on colors of pictograms in order to grasp 
the possibilities for pictograms to be attached to certain images pertaining colors, and to establish 
basic data for designing signs. In 2008 and 2009, we surveyed on colors of pictograms at international 
airport terminals, major railway stations, city halls, museum/historical buildings, major commercial 
centers, hotels, and parks in 14 cities in 7 countries. One spot of one facility is the subject, and if there 
is a pictogram, its background and foreground colors are measured on the spot by visual photometry 
using a color chart based on the PCCS color coordinate system.

 The results of Toilet-Pictogram (at 31 women’s toilets and 25 men’s toilets) indicates tendency 
that European countries use achromatic colors without gender difference, and China uses multiple 
colors. We also surveyed 33 unisex toilets in 5 countries. 27 toilets use pictograms including both male 
an  ema e m o  an   toi et  e on  t e etter    o  t em e one ame co or  it o t 
differentiating genders. In Japan, unisex toilets usually have pictogram with two different colors for 
each symbol. But this survey results show colors are not tied to symbol’s meaning internationally.

 Evacuation signs’ coloring is regulated by ISO and JIS. Among 74 Pictograms in this survey, 
88% are with white foreground and colored background in 3G5.5/11.0, whether it is at an exit or 
in a passage. In Japan, the color combination of the passage evacuation signs is reversed. Same 
arrangement is seen in 6 cases in China (Taipei and Hong Kong). Therefore it is suggesting that the 
color combination difference in passage evacuation signs is only regional around Japan.

 Gender image attached to particular color for pictogram is only seen in Japan, not elsewhere. 
In order to design signs in international perspectives, it is important to consider differences of culture, 
religion gender as well as color image. On the other hand, as our study shows there is some common 
ten enc  o  co or e  ina  o r r e  fin  ome ictogram  not onoring S  co or reg ation  
In order to ascertain that pictogram functions as common language, and to let them function for safety, 
further action will be called for to eliminate such case.
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ABSTRACT
Pictogram is a square including representative figure which indicates function or purpose 
of the facility. These pictograms are used in countries with different languages spoken, so 
although with different degrees of recognition, they are able to make people understand the 
space intuitively. Our study therefore conducts comparative survey on colors of pictograms 
in order to grasp the possibilities for pictograms to be attached to certain images pertaining 
colors, and to establish basic data for designing signs. We surveyed on colors of 
pictograms at international public facilities in 14 cities in 7 countries. The results of Toilet-
Pictogram indicates tendency that European countries use achromatic colors without 
gender difference, and China uses multiple colors. All of pictograms of Unisex-Toilet use 
one same color, without differentiating genders. Gender image attached to particular color 
for pictogram is only seen in Japan, not elsewhere. In order to design signs in international 
perspectives, it is important to consider differences of culture, religion gender as well as 
color image.  

1. INTRODUCTION 
Japan enacted Basic Act for Promoting a Tourism-Oriented Country in 2007, which 
considers tourism one of the major growing industries in the 21st century, and tries to 
accept more foreign visitors. Recently, major stations and airports put signs in two 
languages� (Japanese and English), and guideboards in tourist destination such as Kyoto 
are now also written in the two languages. But many cities still have Japanese only signs, 
which cause trouble for foreign visitors to use facilities or move around. 

Pictogram is a square including representative figure which indicates function or 
r o e o  t e aci it  S   a enger e e trian S m o  Sign  e e o e  

by American Institute of Graphic Arts, and JIS Z8210:2002 standardize various 
pictograms, and new pictograms are being proposed as needed.  These pictograms are used 
in countries with different languages spoken, so although with different degrees of 
recognition, they are able to make people understand the space intuitively. They are useful 
in constructing urban building space becoming more and more international. JIS Z9103 is 
applied to pictograms for fire preventive equipment and evacuation signs, but other 
pictograms tend to have white background and black foreground internationally. On the 
other hand, in Japan, pictograms for toilets have distinct tendency of color (blue for men, 
red for women). There are various ways to use color for pictograms. 

Our study therefore conducts comparative survey on color of pictograms in order to 
grasp the possibilities for pictograms to be attached to certain images pertaining color, and 
to establish basic data for designing signs.
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ABSTRACT
Pictogram is a square including representative figure which indicates function or purpose 
of the facility. These pictograms are used in countries with different languages spoken, so 
although with different degrees of recognition, they are able to make people understand the 
space intuitively. Our study therefore conducts comparative survey on colors of pictograms 
in order to grasp the possibilities for pictograms to be attached to certain images pertaining 
colors, and to establish basic data for designing signs. We surveyed on colors of 
pictograms at international public facilities in 14 cities in 7 countries. The results of Toilet-
Pictogram indicates tendency that European countries use achromatic colors without 
gender difference, and China uses multiple colors. All of pictograms of Unisex-Toilet use 
one same color, without differentiating genders. Gender image attached to particular color 
for pictogram is only seen in Japan, not elsewhere. In order to design signs in international 
perspectives, it is important to consider differences of culture, religion gender as well as 
color image.  

1. INTRODUCTION 
Japan enacted Basic Act for Promoting a Tourism-Oriented Country in 2007, which 
considers tourism one of the major growing industries in the 21st century, and tries to 
accept more foreign visitors. Recently, major stations and airports put signs in two 
languages� (Japanese and English), and guideboards in tourist destination such as Kyoto 
are now also written in the two languages. But many cities still have Japanese only signs, 
which cause trouble for foreign visitors to use facilities or move around. 

Pictogram is a square including representative figure which indicates function or 
r o e o  t e aci it  S   a enger e e trian S m o  Sign  e e o e  

by American Institute of Graphic Arts, and JIS Z8210:2002 standardize various 
pictograms, and new pictograms are being proposed as needed.  These pictograms are used 
in countries with different languages spoken, so although with different degrees of 
recognition, they are able to make people understand the space intuitively. They are useful 
in constructing urban building space becoming more and more international. JIS Z9103 is 
applied to pictograms for fire preventive equipment and evacuation signs, but other 
pictograms tend to have white background and black foreground internationally. On the 
other hand, in Japan, pictograms for toilets have distinct tendency of color (blue for men, 
red for women). There are various ways to use color for pictograms. 

Our study therefore conducts comparative survey on color of pictograms in order to 
grasp the possibilities for pictograms to be attached to certain images pertaining color, and 
to establish basic data for designing signs.

2. METHOD 
In 2008 and 2009, we surveyed on color of pictograms at international airport terminals, 
major railway stations, city halls, museum/historical buildings, major commercial centers, 
hotels, and parks in 14 cities in 7 countries. One spot of one facility is the subject, and if 
there is a pictogram, its background and foreground color are measured on the spot by 
visual photometry using a color chart (Figure 1) based on PCCS color coordinate system. 
Table 1 shows the correspondence with Mansell color system and PCCS color system. 

 
8       10       12       14       16       18       20       22 24        2         4         6

Bk 2         3         4         5         6        7      8         9         W

pale

vivid

dark

grayish

Figure 1. Color Chart based on PCCS color coordinate system. 

Table 1. Correspondence table with Mansell color system. 

pale p i id dark dk grayish g

2 4 3 5 4 4 5 14 4 2 5 Bk 1 5
4 1 3 5 1 5 5 14 1 3 2 2

Y 5 3 5 Y 14 Y 3 5 3 3
5Y 3 5Y 13 5Y 4 5 5 4 4

1 3GY 5 3 3GY 12 3GY 3 5 5 5 5
12 3G 3 3G 5 5 11 3G 3 4 5
14 5BG 3 5BG 4 5 1 5BG 2 5 4 5
1 5B 3 5B 4 1 5B 2 5 4 5
1 3PB 5 3 3PB 3 5 12 3PB 2 5
2 PB 5 3 PB 3 5 12 PB 2 5 W 5
22 P 5 3 P 3 5 12 P 2 5
24 P 3 P 4 13 P 2 5 5 5

3. RESULTS AND DISCUSSION 

3.1 Color for Toilet-Pictogram 
Table 2 shows the results of used color combinations for Toilet-Pictgram country by 
country. We collected 56 data at 25 male’s toilets and 31 female’s toilets. The results 
indicates a tendency that European countries use achromatic colors without gender 
difference, and China (Hong Kong, Macau and Taipei) uses multiple colors.  

We also surveyed 33 unisex toilets in 5 countries. The results is shown in Table 2. 27 
toilets use pictograms including both male and female symbols, and 6 toilets use only the 
etter    o  t em e one ame co or, without differentiating genders. In Japan, 

unisex toilets usually have pictogram with two different colors for each symbol. But these 
survey results show colors are not tied to symbol’s meaning internationally. 

17 toilets for disabled people were surveyed in 5 countries, and the results are shown in 
Table 2, too. In Japan, green color is often used for the pictgram of disabled-accessible 
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facilities.   However there are no green pictgram for disabled-accessible toilet in any 
country, and  there are some red pictgram for it in China. 

Table 2. Color Combinations for Toilet-Pictgram. 

（1） oilet-Pictogram for Male （2） oilet-Pictogram for Female
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Gray Gray 1
White White 1

Yellow Yellow 1 Yellow Yellow 1
Blue Gray 1 Blue Gray 3 1

White 3 2 White
Black Yellow 1 Black Yellow 1

Green 1 Green 1
Gray 3 1 Gray 4 1
White 1 1 2 2 White 2 1 2 2

Gray Gray 1 Gray Gray
White ed 2 White ed 2

Yellow Yellow 2
Blue 1 Blue 3
Black 1 Black 1
Gray 1 Gray 1

chromatic pictogram achromatic pictogram

（3） oilet-Pictogram for nisex （4） oilet-Pictogram for disabled people
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Black 1 Black

Green White 1 Green White
Blue Green 1 Blue Green

Gray 1 Gray 1
White White 2

Black Yellow 3 Black Yellow
Blue 1 Blue
White 5 1 1 White 4 1

Gray Black 2 Gray Black 1
White ed 1 White ed 1

Yellow 1 Yellow 2
Green 1 2 Green
Blue 3 2 Blue 2 1
Black 1 1 Black 1
Gray 1 Gray

chromatic pictogram achromatic pictogram

3.2 Color for Emergency-Pictogram 
Coloring of emergency evacuation sign is regulated by ISO and JIS. Among 74 pictograms 
of emergency in this survey, 88% pictograms have the color combination of white figure 
and green (3G5.5/11.0) background, whether it is at an exit or in a passage. In Japan, the 
color combination of the passage evacuation signs is reversed (with green figure and white 
background). Same arrangement is seen in 6 cases in only China (Taipei and Hong Kong). 
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facilities.   However there are no green pictgram for disabled-accessible toilet in any 
country, and  there are some red pictgram for it in China. 

Table 2. Color Combinations for Toilet-Pictgram. 
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Gray Gray 1 Gray Gray
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Yellow Yellow 2
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Black Yellow 3 Black Yellow
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Gray Black 2 Gray Black 1
White ed 1 White ed 1

Yellow 1 Yellow 2
Green 1 2 Green
Blue 3 2 Blue 2 1
Black 1 1 Black 1
Gray 1 Gray
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3.2 Color for Emergency-Pictogram 
Coloring of emergency evacuation sign is regulated by ISO and JIS. Among 74 pictograms 
of emergency in this survey, 88% pictograms have the color combination of white figure 
and green (3G5.5/11.0) background, whether it is at an exit or in a passage. In Japan, the 
color combination of the passage evacuation signs is reversed (with green figure and white 
background). Same arrangement is seen in 6 cases in only China (Taipei and Hong Kong). 

Therefore it suggests that the color combination difference in passage evacuation signs is 
only seen in East Asia region including Japan. Also, 2 cases in China (Hong Kong and 
Macau) use non-safety color for emergency evaluation pictogram, 5B8.0/3.0 and 
5Y4.0/5.5.

 Among 34 pictograms of fire equipment, 90% pictograms use ISO regulated red 
(10R5.5/14.0) figure and white background. But 4 cases in China use other colors. 

3.3 Most Frequently-Used Color for Pictogram 
The frequently-used colors are examined with all 438 cases. The results shows in Figure 2. 
The most frequently-used color as figure is white (252 cases) and then black (103cases), 
these two explain 80% results. For background, the most frequently-used color is again 
white (100cases) but the second is 3G5.5/11.0 (70cases) followed by 3PB3.5/12.0 
(61cases) and black (42cases). Considering that 3G5.5/11.0 is designated color for 
emergency evacuation signs, 3PB3.5/12.0 might be the most popular color for chromatic 
background. For the two color combination, the most frequent one is black figure and 
white background. The most chromatic combination is white figure and 3PB3.5/12.0 
background, which is typically seen in airports and stations. Figure 3 shows some typical 
examples.  

Figure 2. Frequently-Used Color for Pictograms. 

Figure 3. Typical Example for Color Combination of Pictgram. 

4. CONCLUSIONS 
Gender image attached to particular color for pictogram is only seen in Japan, not 
elsewhere. In order to design signs in international perspectives, it is important to consider 
differences of culture, religion gender as well as color image. On the other hand, as our 
study shows there is some common tendency of color use.  
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It is useful to accumulate data further, to realize ideal sign designing to support space 
recognition.

And then, our survey finds some pictograms not honoring ISO color regulation. In order 
to ascertain that pictogram functions as common language, and to let them function for 
safety, further action will be called for to eliminate such cases. 
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ABSTRACT
This contribution aims to overview the use and influence of color on the perception 

of cartographic visualisations. Cartographic products are generally a very powerful tool for 
communicating a visual and spatial related information. At the same time, color is generally considered 
as the most important graphic variable for expressing the spatial information with cartographic 
i a i ation  it  a e  o  a ro riate e o  co or  t e content o  eac  ma  can e ignificant  

accentuated and  the legibility and comprehensibility of the map could rapidly increase. Equally, the 
e o  ina ro riate co or  an  t eir m t a  com ination  co  ignificant  ecrea e t e erce tion 

of the visualized information. Color is used for depicting most elements and symbols within a map 
and therefore helps to communicate the cartographic information and also increases the legibility of 
t e ma  an  it  ae t etic a it  i  i  eca e co or  an  t eir m t a  contra t  in ence not on  
the aesthetics of a map and an emotional response but also the usability aspects. Colors evoke certain 
emotion  in a er t at can ignificant  a ect t e e ecti ene  an  e ficienc  o  t e er  eci ion 
making and well chosen color properties for various cartographic symbols in a map allow the user to 
effectively distinguish a map’s content. 

e a ro riate e o  co or  i  er  im ortant actor mo t  in fie  a  a cri i  management 
where the used cartographic visualisations help to effectively transfer the required information. The 
well chosen color scheme with corresponding contrasts is the right way to depict the overall character 
of the area or phenomenon. The decisions based on unclear cartographic visualisations could lead to 
various misunderstandings, which could eventually cause weighty losses. In general, cartographic 
products for crisis management are being employed by users who need to obtain required information 
as quickly as possible, with an appropriate level of accuracy. Through the employment of adequate 
co or contra t  o tim m i erentiation et een t e fig re t e mo t im ortant  an  t e ac gro n  

e  re e ant  in ormation can e ac ie e  i  e ect e  to increa e ignificant  t e e ficienc  
and effectiveness of perception of required information, which has a strong impact on the level of the 
general usability of a map. 

This work was supported by the project „Employment of Best Young Scientists for International 
oo eration m o erment   co finance  rom ro ean Socia  n  an  

the state budget of the Czech Republic.
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ABSTRACT 
The contribution provides an overview of the ways colour is used in cartographic 
visualizations and how it affects perception of these visualizations. Colour is generally 
considered as the most important graphic variable for expressing spatial information in 
cartographic visualizations. Through appropriate use of colours, the content of a map can 
be significantly accentuated, which enhances its legibility and comprehensibility 
profoundly. Appropriate use of colours is a very important factor in many cartographic 
applications, such as emergency management tools, in which cartographic visualization 
helps to transfer the required information effectively. A well-chosen colour scheme with 
appropriate contrasts is the best way to depict the overall character of an area or a 
phenomenon. The present paper describes the most significant approaches to colour use in 
cartography, which can be of immense help when communicating information to map 
users. 

1. INTRODUCTION 
When creating cartographic products, the form of de t on o  t e a  ontent  one o  
t e a  o t o e  o  a a to a e  o . t t e a e t e, t e a  a o  a  

ol  a e e te   a a to    o t l el  to n l en e e  nte etat on  o  
the map. Different means of cartographic information transmission evolved gradually, but 
the greatest boom came with the development of thematic cartography, whose methods 
provided extra space for invention in the design of cartographic symbology.  

e la  te t n t e el  o  a to a  olo   a e  e t n  e olo  o  
a  olo e a e . e oo , l e  n 1 , a  t e t to e ne 

basic cartographic means of expression, also referred to as graphic variables. Apart from 
t e eat e  o t on on t e a ,  e e ent  t e at al lo at on t el , e te nal 
characteristics of a symbol can be described through various variables communicating 
different types of information. These variables, co-indicators of a symbol  ontent, n l e 
size, intensity, shape, orientation, structure and colour (among others).  

Out of these, colour is generally considered as the most important graphic variable for 
expressing spatial information in cartographic visualizations. Colour can be used to display 
a elat el  la e a o nt o  n o at on n a n le a  t o t e n  t e a  
legibility and comprehensibility. Colour can also be easily combined with other variables, 
increasing their communication potential. Finally, in both thematic and topographic maps, 
colour is one of the principal enhancers of aesthetic quality, making the map much more 
visually attractive. 
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2. METHOD 
Cartographic products are generally very powerful tools for communicating visual and 
spatial information. Through appropriate use of colours, the content of each map can be 
significantly accentuated, increasing the map’s legibility and comprehensibility rapidly. 
Conversely, use of inappropriate colours and colour combinations can significantly 
undermine users’ perception of the visualized information. Colour is used as a 
communication means in most elements and symbols within a map. Therefore, it both 
helps to communicate cartographic information and increases the legibility of the map and 
its aesthetic quality (Bláha, 2011). Hence, colours and colour contrasts influence the 
aesthetics of a map and the user’s emotional response, as well as the map’s usability. 

Colour perception is definitely influenced by physiological, psychological, and other 
subjective factors. It is therefore always necessary to consider specific contexts in which 
the map will be used, such as light conditions (outdoor v. indoor use, etc.), type of 
cartographic product (analogue v. interactive map), map size (or display size of the display 
device), typical situations in which the map will be used, as well as potential cultural 
specifics (Bláha, 2013). Chesneau et al. (2005) argue that colours are able to elicit 
emotional responses that might significantly influence decision-making in map users. This 
effect is stronger in colour than in any other graphic variable. Drápela (1983) also views 
colour as a specific means of expression occupying a special position among cartographic 
variables and points out different aspects which should be considered when using colour 
effects in map design. Krygier & Wood (2005) describe several examples of inappropriate 
colour use in maps and emphasize the counterproductive impact of inappropriate colours 
on map legibility, which may manifest especially as erroneous or slow map interpretation. 
Inappropriate colour use also involves employment of inadequate colour ranges for 
displaying qualitative and quantitative data. On the other hand, use of appropriate colours 
and colour combinations can increase overall comprehensibility and legibility of the map 
substantially. 

2.1 Colour contrast 
An important thing to consider when designing map products is the contrast between 
different colours. This is because the effect of colours in maps – just like in any other 
graphic visualization – always depends on their combinations with other colours. Colour 
contrast can greatly enhance effective representation of the target information. A well-
applied palette of contrasting colours is a perfect means of depicting the overall character 
of an area or a phenomenon, as the perceiver can immediately see the spatial distribution as 
well as the quantity and quality of different features on the map. Appropriately selected 
contrasts intensify the perception of the figure and the ground through dividing the map 
field into “layers” representing base and extension information ee ta o  et al., 201 . 
As Krygier & Wood (2005) point out, contrast must be taken into consideration in any map 
design. It is therefore necessary to choose colours carefully to make them suitable for a 
particular background. Colours that are chosen arbitrarily and carelessly may produce 
uneven contrasts, which, in turn, may result in ambiguous perception of some of the 
features on the map, which become semantically indiscernible and unclassifiable.  

In general, contrast refers to a situation when a clear difference can be observed between 
two juxtaposed objects or phenomena (Itten, 1987). Hence, contrast can result from 
differences in size, temperature or – in this case – colour. These observed differences are 
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always relative because they arise through comparisons between two or more objects. 
Perception of colour and colour contrasts is a largely subjective process, which makes it 
hard to quantify or describe in detail. In the past (especially since the early 19th century), a 
relatively large number of authors commented on the issue of colour contrast (for 
overview, see Chesneau et al., 2005). However, it was not until Johannes Itten1 that colour 
laws were finally formulated with sufficient objectivity, and principles of colour perception 
postulated which are often used in cartography to this day. Itten’s principles systematically 
and explicitly define and describe seven basic types of contrasts observable in colour 
perception: contrast of hue, light-dark contrast, cold-warm contrast, complementary 
contrast, simultaneous contrast, contrast of saturation, and contrast of extension (for more 
eta l an  e a le , ee l a  t a, 201 .  

It has to be noted that, in reality (and all the more on the map), the above contrast types 
complement and mingle with each other and therefore cannot be treated as completely 
separate variables. For example, simultaneous contrast especially affects areas which also 
show the contrast of extension. Extension (relative area size), in turn, tends to influence 
colour saturation and colour lightness. On the other hand, the perception of colours as cool 
or warm, particularly with regard to their function as depth cues, is mostly independent of 
relative area size. All of this indicates that there might be certain hierarchy among different 
contrast types. Map design, just like visual arts, uses the law of cool and warm colours. 
When reading a map, similarly coloured (cool or warm) areas create an impression of 
similar depth, independent of area size. This effect is even more marked in cartography 
than in visual arts, where contrasts were originally studied. An impression of depth can 
also be achieved through the contrasts of saturation and light and dark, which is why figure 
elements on the map should always be depicted in deep and dark colours. When applied 
appropriately, the effects of individual contrasts will be multiplied. 

Design of cartographic symbology should follow certain rules which are implicitly 
contained in the above principles. There are also other methods of increasing contrast that 
can be used to enhance the distinctness of particular features on the map. For example, 
Kennely & Steward (2010) design chloropleth maps with additional shading within the 
individual categorized polygons to create an illusion of a (pseudo)three-dimensional 
visualization. This effect enables further differentiation of individual elements within the 
same interval, adding new information represented – thanks to the impression of plasticity 
–  t e ol on  e t . To a certain extent, this impression is also enhanced by 
appropriate choice of colour contrast – i.e. if features representing greater values are 
depicted in intensive and more saturated colours, there will be a stronger perception of 
ground features (polygons representing low values) and figure features (polygons 
representing high values). Obviously, a similar method could be used to visualize 
qualitative phenomena, namely to accentuate the contrast between warm and cool colours. 
Adequate choice of colour combinations and contrasts should, naturally, be also directed by 
the purpose for which the map is designed. 

 

                                                 
1 Johannes Itten (1888 – 1967) was a Swiss designer, expressionist painter and theoretician closely 
associated with the arts and architecture group Bauhaus. He was especially interested in colour 
theory and studied the impact of colour on visual perception.  
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2.2 Effect of colour on the perception of a map 
Colour perception, in general, is a very complex process. Apart from the properties 
discussed above, this is also caused by the fact that individual colours create different 
impressions in different people. Moreover, colour perception is strongly influenced by the 
context, i.e. colour properties of the surrounding objects as well as other external factors 
(Kryger & Wood, 2005).  

MacEarchen (2004) notes that cartographers harnessed the knowledge of individual 
differences and variation in colour perception, and of the way people interpret cartographic 
information differently depending on the employed colour combinations, relatively early in 
the past. The best illustration is the cartographic visualization of elevation layers by means 
of hypsometric tints. This convention, established by Karl Peucker2 in the late 19th century, 
is used in various analogous forms in atlas designs to this day (Thrower, 2008). The 
principle of this method consists in the fact that perception of distance (or depth) varies 
with changing colour tints or hues. This creates an impression of depth perspective and 
facilitates the process of information transmission. For example, hues of long wavelengths 
(orange and red) are perceived as closer on the map than hues of short wavelengths (blue 
and green). This phenomenon is often employed in spectral ranges (or, more often, their 
parts) used in cartographic visualizations. As specified by Imhof (2007), this stereoscopic 
effect does not result directly from physiological processes, but arises from a psychological 
illusion that is formed in people’s minds. It is also advisable that similar colour ranges 
additionally involve the cold-warm contrast, which amplifies the overall impression of 
distance. Hence, colour ranges that include cool colours as well as warm colours (e.g. red – 
orange – light blue – dark blue) show particularly good properties in cartographic products.  

Drápela (1983) describes the effect of colour, especially colour excitability, on the 
expression of positive and negative qualities of a phenomenon. “Calm” colours include 
shades and tints of yellow, blue and green. These colours create the most placid impression 
in people. “Excitable” colours, on the other hand, are represented by the other pole of the 
spectrum, namely by the red colour. The colour which is considered most excitable is non-
spectral purple, which is physically composed of light with the shortest and longest 
wavelength (red and blue). This effect is probably caused by an increased struggle of the 
visual system to form a sharp image of purple-coloured objects on the retina. These 
properties are partly used – in analogy with traffic conventions – also in emergency maps 
to display potential hazards (see Konečný et al., 2011).  

Cartographers who design maps are sometimes limited by various rules, standards and 
other conventions whose meaning is largely historical. Adherence to these rules is usually 
implicitly required by the user, and any deviations might lead to incorrect interpretations of 
the cartographic material. Such general conventions are summarized, for example, by 
Robinson et al. (1995), who find it natural that green colour represents areas covered by 
vegetation, brown colour indicates mountain ranges and yellow colour is used to depict 
areas with poor moisture supply (dry land, areas without vegetation cover, etc.). Besides 
mere conventionality, however, these expectations are fuelled by the connotations evoked 
by different colours, i.e. associations they tend to produce in most people (e.g. blue 
suggests moisture and cold, brown is associated with soil, etc.). Apparently, conventions 

                                                 
2 Karl Peucker (1859 – 1940) was an Austrian theoretical cartographer.  
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such as these should be observed especially in maps designed for the general user. The 
more specialized a map is, the more its design should adhere to the rules and standards 
typical for that particular domain. As another example, Vasilev (2006) discusses how 
habitual practices of colour use in maps may vary due to regional or national differences. 
Apart from several, mostly topographical features (blue for bodies of water, green for 
forests and brown for mountains), individual colours may imply different meaning in 
different geographical areas. This could be caused not only by differences in culture and 
cultural traditions, which may produce different emotional impacts of a particular colour on 
the individuals, but also by differences in actual colour perception characteristic of the 
context or environment in which the cultural community lives. Finally, colours can also be 
perceived differently due to variations in individual dispositions. 

3. CONCLUSIONS 
In cartography, appropriate use of colours plays a crucial role in effective communication 
of the target information. A well-chosen colour scheme with suitable contrasts provides the 
best way of depicting the overall character of an area or a phenomenon. For these reasons, 
appropriate use of colours is especially important in domains such as emergency 
management where cartographic visualisations are extremely helpful in obtaining all of the 
needed information. Colour can be a very effective tool for displaying emergency 
situations. It can be used to depict possible hazards, ongoing events, or the current state of 
restoration processes in the afflicted areas. However, it must be noted that the domain of 
emergency management cartography tends to be particularly affected by conventions in 
colour use, which might be very limiting for cartographers designing these types of 
products.  

In general, cartographic products for emergency management are employed by users 
who need to obtain the target information as quickly as possible, with a substantial level of 
accuracy. Decisions based on unclear cartographic visualisations could lead to 
misunderstandings that may finally turn into weighty losses. Through the employment of 
adequate colour contrasts, one can achieve optimum differentiation between the figure 
(most important) and the background (less relevant) information. This effect helps to 
significantly increase the efficiency and effectiveness of perception of the target 
information, which has a strong impact on the overall usability of a map. 
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ABSTRACT
Despite of the limited size and capacity of a mobile phone, the urge to apply it to meet quotidian needs 
has never been unencumbered due to its appealing appearance, versatility, and readiness, such as 
viewing/taking pictures and shopping online. While a smartphone can act as a mini-computer, it does 
not always offer the same functionality as a desktop computer does. For example, the RGB values on 
a mart one norma  cannot e mo ifie  nor can ite a ance e c ec e   a re t  er orming 
online shopping using a mobile phone can be tricky, especially when buying colour sensitive items.  
Therefore, this research takes an initiative to investigate the variations of colours for a number of 
mart one  i e ma ing an e ort to re ict t eir co o r a earance ing  enefiting 

both phone users and makers. The paper studies models of Apple iPhone5, LG Nexus 4, Samsung, and 
Huawei, by capitalising on comparisons with a CRT colour monitor that has been calibrated under the 
illuminant of D65, to be in keeping with the usual way of viewing online colours. 
Methods: thirty test colours are randomly selected and presented on both CRT monitors and smart 
phones. Each test colour is posited at a centre against a grey background (with 20% of luminance 
of reference white) and is adjacent to a reference white, reference colourfulness and a number of 
surrounding colours. Psychophysical experiments are then conducted by 10 subjects using the 
technique of magnitude estimation, together with the colour measurement carried out using the colour 
meter of CS-100A on both CRT and phones. 
Results: In terms of the measurement on each phone, encouragingly, the variations among the 
same kind of phones are insignificant with less than 3 DE CIELAB. In addition, when comparing 
with subjects’ hue estimations, all phones and the CRT monitor appear to have similar hue values, 
indicating that the hue values have been well reserved on those phones. However, when it is viewed on 
a phone, a colour appears to show at variance with its lightness and colourfulness by appearing much 
more colourful and brighter. Furthermore, the correlation coefficient (r) for CIELUV L* are 0.963, 
0.959, 0.960, and 0.940 for iPhone, LG Nexus4, HuaWei and SamSung respectively, and are 0.890, 
0.876, 0.761, and 0.764 respectively for CIELUV C* when comparing with the counterparts on the 
CRT monitor. Therefore, the iPhone tends to be the best with fewer scatterings. To predict a colour 
on a mobile phone using CIECAM02, the predictions rest on a number of environmental parameters 
settings, e.g., f  = 0.9, c  = 0.59, and nc = 0.90, which gives closer results with less scattering. 
Consequently, for an image of truthful colour to be displayed using a mobile phone, the forward and 
re er e mo e  o   i  a e to e a ie  S ecifica  or iP one  a  o  t e ig tne  
and colourfulness predicted by CIECAM02 need to be factored into. Further studies will take more 
number of phones into consideration.
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ABSTRACT
Despite of the limited size and capacity of a mobile phone, the urge to apply it to meet 
quotidian needs has never been unencumbered due to its appealing appearance, versatility, 
and readiness, such as viewing/taking pictures and shopping online. While a smartphone 
can act as a mini-computer, it does not always offer the same functionality as a desktop 
computer does. For example, the RGB values on a smartphone normally cannot be 
modified nor can white balance be checked. As a result, performing online shopping using 
a mobile phone can be tricky, especially when buying colour sensitive items.  Therefore, 
this research takes an initiative to investigate the variations of colours for a number of 
smartphones while making an effort to predict their colour appearance using CIECAM02, 
benefiting both phone users and makers. The paper studies models of Apple iPhone5, LG 
Nexus 4, Samsung, and Huawei, by capitalising on comparisons with a CRT colour 
monitor that has been calibrated under the illuminant of D65, to be in keeping with the 
usual way of viewing online colours. As expected, all the phones present more colourful 
images than a CRT does.

1. INTRODUCTION
A smartphone is a mobile phone with more advanced computing capability and 
connectivity than basic feature phones, offering functionalities of typically personal 
assistance, media player, digital camera, and a GPS navigation unit in addition to the basic 
calling/receiving facilities. At present, the global smartphone audience has reached 1 
billion consumers [eMarkter] and expects to arrive at 1.75 billion by the end of 2014. As 
such, mobile sales are not only focusing heavily on smartphones, but also on the more 
affordable option of feature phones that do not have an operating system. As a result, 
mobile penetration has surpassed 100% in many regions of the world, including North 
America, Western Europe, Central and South America, Central and Eastern Europe, and 
the Middle East [WeAreSocial]. Among those smartphone users, about half of them go 
online by using the phone regularly. Table 1 lists the top 10 most popular smartphones on 
the market.

Table 1. Top 10 smartphone list as of May 2014 [Counter].

Rank Brand Model
1 Apple iPhone 5s
2 Samsung Galaxy S5
3 Samsung Galaxy S4
4 Samsung Note 3
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One of the unexpected by-products of smartphones remains in the field of digital 
photography. It appears that more photos are taken by using Smartphones than normal 
cameras.  For example, the Apple iPhone 5 is currently the most popular 'camera' on 
Flickr.com [Flickr]. As a direct result, large amount of money are being investigated by 
mobile developers to create photo apps in an attempt to satisfy the demands of 'serious' 
camera phone photographers.

While using smartphone to perform everyday activities, colour remains one of the key 
factors, in particular in online shopping. Similar to any other digital device, a phone 
represents a digital image in a RGB colour space. Therefore when an image is to be 
processed, it is usually firstly converted into the colour space of, say, hue, lightness and 
colourfulness. In this way, the dependency of RGB space on hardware devices can be 
circumvented, i.e., a colour in one device usually does not appear nor measure the same as 
the one in another device even with the same RGB values in both devices. This is because 
the range of R, G, or B values are manually set to be the same (such as [0, 255] for an 8-bit 
computer) for all devices regardless their physical measurements. On the other hand, hue, 
colourfulness and lightness, space agrees more with human vision theories. To further 
improve the fitness between users’ perception and retrieved results, CIE has recommended 
a colour appearance model CIECAM02 to predict colours appear on any media under a 
number of viewing conditions [Moroney]. Stemmed from Hunt’s early colour vision model 
[Luo (a) 1993, Luo (b) 1993 ] employing a simplified theory of colour vision for chromatic 
adaptation together with a uniformed colour space, CIECAM02 can predict the change of 
colour appearance as accurately as an average observer under a number of given viewing 
conditions. In particular, the way that the model describes a colour is reminiscent of 
subjective psychophysical terms, i.e., hue, colourfulness, chroma, brightness and lightness. 

To begin with, CIECAM02 takes into account of measured physical parameters of viewing 
conditions, including tristimulus values (X, Y, and Z) of a stimulus, its background, its 
surround, the adapting stimulus, the luminance level, and other factors such as cognitive 
discounting of the illuminant. The output of the colour appearance model predicts 
mathematical correlates of perceptual attributes. 

With regard to the representation of the colour appearance of an image, in this 
investigation, the perceptual colour attributes of lightness (J), colourfulness (M) and hue 
(H) are employed.

2. METHOD
Thirty test colours are randomly selected from the Munsell colour book while making an 
effort to cover as much CIE 1931 colour space as possible. Psychophysical experiments are 
t en carrie  o t on ot     co o r monitor it  it  i minant ca i rate  to  an  
mobile phones.  As illustrated in Figure 1, each test colour is placed at a centre against a 
grey background (with 20% of luminance of reference white) and surrounded by the 
reference white, reference colourfulness and surrounding colours. The test field in the 

5 Apple iPhone 5c
6 Apple iPhone 4S
7 Xiaomi MI3
8 Samsung Galaxy S4 mini
9 Xiaomi Hongmi Redrice
10 Samsung Galaxy Grand 2
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discounting of the illuminant. The output of the colour appearance model predicts 
mathematical correlates of perceptual attributes. 

With regard to the representation of the colour appearance of an image, in this 
investigation, the perceptual colour attributes of lightness (J), colourfulness (M) and hue 
(H) are employed.

2. METHOD
Thirty test colours are randomly selected from the Munsell colour book while making an 
effort to cover as much CIE 1931 colour space as possible. Psychophysical experiments are 
t en carrie  o t on ot     co o r monitor it  it  i minant ca i rate  to  an  
mobile phones.  As illustrated in Figure 1, each test colour is placed at a centre against a 
grey background (with 20% of luminance of reference white) and surrounded by the 
reference white, reference colourfulness and surrounding colours. The test field in the 

5 Apple iPhone 5c
6 Apple iPhone 4S
7 Xiaomi MI3
8 Samsung Galaxy S4 mini
9 Xiaomi Hongmi Redrice
10 Samsung Galaxy Grand 2

centre subtends a visual angle of 2o at a viewing distance of ~60cm. Ten subjects with 
normal colour vision are selected to conduct the experiments using the technique of 
magnitude estimation which they have been trained in advance to apply skilfully. 
Specifically, for each test colour, each subject is asked to estimate its appearance in terms 
of lightness, colourfulness and hue contents verbally that are then recorded by an operator 
sitting nearby. 

Figure 1.  The paradigm of the 
experimental pattern.

Figure 2. The x, y data of the thirty sample 

colours plotted on the CIE xy Chromaticity 

diagram for the four phones to be studied in 

this research. The big * refers to the 

reference white.

In addition, each colour on each phone has been measured using a colour meter CS-100A, 
simulating subjects’ viewing position. Specifically, the reference white, reference 
colourfulness, and background are measured at least 3 times, e.g., at the beginning, the 
middle and the end of the colour sample sequence, to check the repeatability of the phone. 
In total, 6 phones, including three iPhone5, one Huawei, one SamSung, and one LG 
Nexus4, are measured and estimated. The same work is also performed on the CRT 
monitor, Philips Brilliance 201B. The measured data are presented in a CIE xy 
Chromaticity diagram as illustrated in Figure 2.

3. RESULTS AND DISCUSSION
3.1 iPhone
Three handsets of iPhone 5 are investigated in this paper. Figure 2 compares the subjects’ 
estimation results between CRT and iPhone 5 where correlation coefficient (r) values are 
0.76, 0.62 and 0.96 respectively for Lightness, colourfulness, and hue estimations.

For lightness, the estimation on mobile iphones tends to be 16% more than that on CRT 
mornitors, whereas 11% increase of colourfulness for mobile phones is evidenced. In 
Figure 4, a hue-colourfulness plot is presented, where small circles (o) represent the 
co o r  rom  an  ig are  rom iP one
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Figure 3. Comparison of subjective estimations of 
the thirty samples for CRT (x-axis) and iPhone 5 

(y-axis).

Figure 4. Subjects’ estimation for the 
same group of colours on both CRT 
and Iphone5. Small circle(o) refers to 
the estimation for CRT whereas big 
solid	square	 	on	 phone.

3.2 Modelling of Iphone appearance using CIECAM02
Since the colour appearance model CIECAM02 is developed for the media of CRT, 
refection and transparency, it may not be well equipped to predict smartphones. After the 
setting of environmental parameters to ‘dim’ condition where F =0.9, c = 0.59, and 
Nc=0.90 to compensate lightness differences between CRT and iPhone, the comparison 
results are given in Figure 6 for the three phones, where colourfulness is adjusted 
according to Eq. (1).

_  =  1.8  _ 02RR (1)
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Since the colour appearance model CIECAM02 is developed for the media of CRT, 
refection and transparency, it may not be well equipped to predict smartphones. After the 
setting of environmental parameters to ‘dim’ condition where F =0.9, c = 0.59, and 
Nc=0.90 to compensate lightness differences between CRT and iPhone, the comparison 
results are given in Figure 6 for the three phones, where colourfulness is adjusted 
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_  =  1.8  _ 02RR (1)

Figure 6. Comparison of CIECAM02 
predictions with subjects estimations.

Figure 7. Comparison of iPhone (x-axis) 
with phones of LG-Nexus4 (top), Samsung 
(middle) and Huawei (bottom) by modified

It can be seen that after the correction using Eq. (1), the modified CIECAM02 can predict 
smartphones accurately.

3.3 Comparison with other smart phones
After the modelling of iphones using CIECAM02, a number of other smartphones are 
evaluated as well, including, a LG-Nexus4, SamSung,  and HuaWei. Figure 7 presents the 
comparison results by the calculations using CIECAM02 for all the phones, whereas 
Figures 8 demonstrates a colour checker depicted on these phones.

Figure 8. Colour checker depicted using four phones and CRT

When comparing with the other smartphones, in terms of hue, all three phones tends to be 
more reddish for purplish colours than those displayed on an iPhone, whereas the rest 
maintains near the same. With regard to lightness, for lighter colours, all three phones 
unanimously appear darker than on iPhones with LG-Nexus being the darkest with 25% 
darker, whereas 18% and 16% darker are evidenced for HuaWei and SamSung 
respectively. However, the opposite phenomenon occurs when it comes to the 
representation of colourfulness. All three phones of LG-Nexus4, SamSung, and HuaWei 
appear more colourful than those displayed on an iPhone. For example, the colours on a 
LG-Nexus4 phone appears systemically 10% more colourful than those depicted on an 
iPhone. In addition, for both HuaWei and SamSung phones, they appear again to be 17% 
and 22% more colourful, especially for colourful samples, the tendency presenting across 
all three phones. Since these findings are based on only one phone of each type, future 
study will focus on the investigation of large samples with more similar phones.
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4. CONCLUSIONS

With 85% smartphone users perform their everyday tasks [Salesforce] using the device due 
to its ability and connectivity, smartphone continues to revolutionize how people perform 
their everyday activities. It is expected that this work will contribute to this revolutionary 
and complement users with some information when they perform online shopping buying 
colour incentive goods.

In summary, in terms of the measurement on each phone, encouragingly, the variations 
among the same kind of phones are insignificant with less than 3 'E CIELAB units. In 
addition, when comparing with subjects’ hue estimations, all phones and the CRT monitor 
appear to have similar hue values, indicating that the hue values have been well reserved 
on those phones although some variations among phones are observe red. However, when 
it is viewed on a phone, a colour appears to show at variance with colourfulness by 
appearing much more colourful. Furthermore, the correlation coefficient (r) for CIELUV 
L* are 0.963, 0.959, 0.960, and 0.940 for iPhone, LG Nexus4, HuaWei and SamSung 
respectively, and are 0.890, 0.876, 0.761, and 0.764 respectively for CIELUV C* when 
comparing with the counterparts on the CRT monitor. Therefore, the iPhone tends to be the 
best with fewer scatterings. To predict a colour on a mobile phone using CIECAM02, the 
predictions rest on a number of environmental parameters settings, e.g., f  = 0.9, c  = 0.59, 
and nc = 0.90, which gives closer results with less scattering. Consequently, for an image 
with truthful colour to be displayed on a mobile phone, the forward and reverse model of 
CIECAM02 will have to be applied. Specifically, for iPhone5, nearly half of the 
colourfulness predicted by CIECAM02 need to be factored into. Further studies are in 
place to take more number of phones into consideration.
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Colour Management for High Dynamic Range Imaging
Keith D. M. FINDLATER 
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ABSTRACT
This paper will explore techniques of capturing images of scenes that have a higher subject 

luminance range than the dynamic range of the image sensor. This can be achieved by multiple 
exposures of the same scene and then make a composite image that records the full tonal range of the 
scene. Alternatively, a sensor with an extended dynamic range capture capability could also be used to 
capture the full tonal range of the scene.

High dynamic range (HDR) composite images can be used to create photo-realistic and hyper-
real images. Parameters including contrast ratios and tone mapping functions are used to control HDR 
image processing. However, the dynamic range of real world scenes is highly variable and digital 
cameras need to be characterised for different scenes. This research aims to investigate and compare 
colour management processes and image processing between standard and HDR image capture. It 
will also assess the advantages of HDR images by revealing perceived differences and to ascertain the 
o n arie  ere  imaging ecome  a ignificant  a antageo  roce  to e

The proposed research method initially sets up an optimised camera characterisation using 
standard capture of a scene in controlled lighting conditions. The subject luminance range will then 
be extended beyond the dynamic range of the camera sensor through experimentation by controlling 
illumination and the subject using calibrated digital colour test charts. HDR capture techniques will 
then be employed to create composite images, from which colour reproduction can be assessed in 
comparison with the original scene. This process will be used for a range of types of scenes using 
nat ra  an  artificia  ig t o rce  e aim i  to i enti  ic  t e  o  cene i  e t er e    
imaging  an  a certain at are t e enefit  to eo e oo ing at  image  to e  im ro e t eir 
viewing of images of different subject matter.
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ABSTRACT 
High dynamic range (HDR) composite images can be used to create photo-realistic and 
hyper-real images. Parameters including contrast ratios and tone mapping functions are 
used to control HDR image processing. However, the dynamic range of real world scenes 
is highly variable and digital cameras need to be characterised for different scenes. This 
research aims to investigate and compare colour management processes and image 
processing between standard and HDR image capture. It will also assess the advantages of 
HDR images by revealing perceived differences and to ascertain the boundaries where 
HDR imaging becomes a significantly advantageous process to use. 
 
The proposed research method initially sets up an optimised camera characterisation using 
standard capture of a scene in controlled lighting conditions. The subject luminance range 
will then be extended beyond the dynamic range of the camera sensor through 
experimentation by controlling illumination and the subject using calibrated digital colour 
test charts. HDR capture techniques will then be employed to create composite images 
from multiple exposures and single images, from which colour reproduction can be 
assessed in comparison with the original scene. This process will be used for a range of 
types of scenes using natural and artificial light sources.  

This research aims to extend existing methods of colour management to the HDR domain, 
to develop new methods if necessary, and to ascertain to whom colour management of 
HDR Images would be beneficial.   

1. INTRODUCTION 
An illuminated scene will have numerous defining characteristics that will affect the 
production of images captured by a camera. In photography, these are captured using a lens 
system and recorded onto either photo-sensitive silver halide film or electronic digital 
sensors. These camera systems have different design specifications for capturing varying 
types of scene, for example, by introducing interchangeable lenses and sensor formats to 
change the shape and angle of the photographed scene (Allen et al., 2011).  

The subject luminance ratio is the luminance range of a scene between the darkest shadow 
and the brightest highlight. A digital camera sensor or photographic film will be capable of 
recording a limited range of subject reflectances as a tonal range. The sensitivity is 
optimised for specific types of photography, varying from low level light to very bright 
scenes. The sensor is exposed to the scene for a period of time through a lens with a 
measured aperture. This exposure is set so that the sensor records the full tonal values of 
the subject. This process has been optimised by camera manufacturers so that a 
photographer can capture a desired image by arranging a scene along with camera settings 
and control of image or film processing to capture a desired image. 

For a brightly illuminated scene, the range of reflectances of a subject can be too great for 
the tonal range of the captured image. This results in clipping, where tonal detail in the 
brightest highlights and darkest shadows are recorded as maximum and minimum image 
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tones. The photographer has the option to accept this result, or attempt to reduce the 
subject luminance range by changing the lighting conditions, exposure control or image 
processing, to meet a desired outcome. 

High Dynamic Range imaging is a field of research into ways of increasing the range of 
reflectances that a camera sensor can capture of a subject. The limiting factors include the 
dynamic range of the sensor and display or the reflectance range of the printed image. 
However, the commercial and consumer use of digital cameras is widespread using basic 
sRGB colour gamut for online, digital and printed platforms.  
Colour management is the process of adjusting an image to account for differences 
between various image capture and display devices to ensure colour fidelity. For 
conventional imaging, methods for colour management have been extensively studied and 
various solutions are available (Westland et al., 2012). However, much of HDR imaging 
has been to generate aesthetically pleasing images rather than to obtain colorimetrically 
accurate ones. This research aims to extend existing methods of colour management to the 
HDR domain, to develop new methods if necessary, and to ascertain to whom colour 
management of HDR Images would be beneficial.   

2. PROPOSED WORKFLOW 
The two components of this research involve investigating colour characterisation methods 
for cameras and then combining this with methods for generating HDR images. Once a 
workflow is established then more detailed research can begin into the nuances of 
comparative performance between single captured images with HDR images of different 
types of natural and artificial scene. 

2.1 Sample Preparation 
For standard camera characterisation, a digital reflective colour chart is normally used as a 
reference target to generate measured data for a scene under controlled uniform lighting 
conditions. The known CIE colour coordinates of the patches in the chart and their 
corresponding captured camera RGB values can be used to constrain a model that can 
predict CIE values given RGB values.  
 
For HDR imaging, it is not clear that the colour patches in the standard colour charts have 
a high-enough dynamic range. A test scene needs to be created where the subject 
luminance range is extended beyond the dynamic range of the camera sensor by 
controlling illumination and the subject using calibrated digital colour test charts. One 
solution could be based on having two adjacent reflective colour test charts that fill the 
image capture area. Localised controlled lighting would be introduced so that, for example, 
one colour test chart is much brighter than its adjacent. Once optimized, this would be the 
starting point for creating a controlled test target for the characterisation of HDR images. 
Another possibility is to use self-luminous display targets.   
 
The advantage of a controlled scene, such as the DigiEye System, is to be able to produce 
repeatable results for analysis. However, the ultimate aim would be to compare the capture 
of normal and HDR images under variable natural daylight and artificial light sources.   
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2.2 Camera Characterisation for a Display 
The first stage is to establish a standard digital imaging workflow from a real scene to 
display output. This optimised workflow will be the camera characterisation for a display 
using standard capture of a scene in controlled lighting conditions.  

This process uses principles of additive colour mixing using Grassman’s Laws and the 
1931 CIE system. The RGB values of the camera image are converted into XYZ values. 
These values are then converted and outputted to sRGB values or other colour space used 
by the display. 
Once the camera is characterised for a display for a standard image, the same can be used 
for subsequent HDR captured images.  

2.3 High Dynamic Range Image Capture 
Many sensors in digital SLR cameras capture 12-bit RAW or 8-bit Jpeg files in a single 
image, corresponding to a dynamic range of exposure values of up to 9 stops between the 
brightest highlight and the darkest shadow. Firstly, the digital SLR camera will be 
characterised for display for a fixed colour target under uniform and constant illumination. 
This would be used for comparison with subsequent HDR images captured of a reference 
scene with a large subject luminance range.  

High Dynamic Range images can be captured using different methods.  
The Multiple Exposures Technique is where a sequence of images is captured with 
incremental changes in exposure time of a fixed scene from a fixed viewpoint 
(Nightingale, 2012).  The number of images and the choice of exposure times are variable 
and this will be researched to produce a optimised HDR capture process. The resulting 
component images are merged into a single HDR image using a computational tone 
mapping process. The alternative method is to capture a single image using a sensor with 
an extended dynamic range capture capability. 

The resulting HDR images will be assessed for colour fidelity by comparing the image 
colour data with the scene reference data, resulting in the characterisation of HDR images 
for display. Analysis of the differences between different Multiple Exposures Techniques 
and tone mapping processes will also be made. Differences between Standard Colour 
Capture and High Dynamic Range Imaging will be investigated for a variety of types of 
illuminated scene.  

McCann & Rizzi found that glare occurs when a bright object in a scene reduces contrast 
everywhere within the field of view of the camera. The effect of glare increases with 
greater dynamic range, so this research would be looking to observe any limits to any 
corresponding increased colour fidelity (McCann & Rizzi, 2012).   

Other limiting factors would include the performance of the imaging sensor, also optical 
limits in acquisition and visualisation. Other results would include comparison of colour 
fidelity on single and multiple exposure for scene capture.  
A practical issue will be to override the automated proprietary functions in the chosen 
camera’s firmware to provide experimental RAW data for analysis. 
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Initially for this research, the tone mapping functions will be used for creating photo-
realistic HDR composite images only for comparison with standard digital 
characterisation for a display. 

3. CONCLUSIONS 
As mentioned earlier, the purpose of this paper is to outline the early stages of my PhD 
research into Colour Characterisation for High Dynamic Range Imaging. This paper will 
raise awareness and help refine my research plans by attending AIC Tokyo 2015. 

The emphasis of my initial research will be to establish a workflow for the Colour 
Characterisation of HDR images. The differences and merits of HDR imaging techniques 
including Multiple Exposure techniques, sensors with extended dynamic range capture 
capability  and tone mapping functions will be investigated.  

Experimental data will also be collected to see whether observers notice a significant 
improvement between the resulting colours between captured standard and HDR images 
for different scenes. This will help see how successful the HDR imaging processes have 
been. 

Other areas of investigative research will include comparisons of colour characterisation 
for different HDR tone mapping functions; the success of HDR characterisation for 
different types of scene using Natural and Artificial Light Sources.  
Ultimately, my research aims to determine a number of questions. What are the best 
conditions for using HDR imaging for colour reproduction? What situations are best served 
by using colour reproduction for HDR imaging? What are the benefits and advantages of 
HDR imaging? Within what boundaries is HDR imaging a better process to use and for 
what applications? At what point will people significantly prefer viewing HDR images for 
different subject matter? What archival storage implications are there for HDR imaging? 
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ABSTRACT
A great many imaging devices are consistent with the sRGB colour space. However, wide-

gamut display devices exist that conform to colour spaces that have wider gamuts such as Adobe 
(1998) RGB. This colour space encompasses about 50% of the colours in CIELAB and improves on 
the gamut of sRGB in the green-cyan colours in [particular but also in the yellow region.  There is a 
shortage of standard image sets that contain colours that are outside of the sRGB gamut. Such images 
could be useful, for example, for testing various performance metrics in wide-gamut display systems. 
The purpose of this work is to develop a wide-gamut image set and make it widely available on the 
internet for the imaging community.

Three digital SLR cameras were used to capture a large number of images that contained 
at rate  co o r  e co o r ace o  t e camera  a  et to o e  an  t e fi e ormat a  et 

to record raw. The images were transferred to Adobe Photoshop and converted to 48-bit TIFF images 
in the Adobe colour space. MATLAB was used to process the images and to ascertain the proportion of 
pixels that were outside of the sRGB gamut in each case. Image that contained less than 15% of pixels 
that were outside of the sRGB gamut were rejected. Images were also rejected if they were blurred 
or if the out-of-gamut pixels were not associated with particular objects in the scene. Images have 
been made available on a website – in both raw and tiff formats – and are categorised according to 
their colour and also according to the description of the objects for which the pixels are out of gamut. 

am e  o ect c a ification  inc e te ti e  e e er  art  ant  oo t  an  e ectronic   
total of 100 wide-gamut images were selected and have been made available to the community.
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ABSTRACT 
A great many imaging devices are consistent with the sRGB colour space. However, wide-
gamut display devices exist that conform to colour spaces that have wider gamuts such as 
Adobe (1998) RGB. There is a shortage of standard image sets that contain colours that are 
outside of the sRGB gamut. Such images could be useful, for example, for testing various 
performance metrics in wide-gamut display systems. The purpose of this work is to 
develop a wide-gamut image set and make it widely available on the internet for the 
imaging community. Three digital SLR cameras were used to capture a large number of 
images that contained saturated colours. The colour space of the cameras was set to Adobe 
RGB and the file format was set to record raw. The images were converted to 48-bit TIFF 
images in the Adobe colour space and on average had about 18% of their pixels outside of 
the sRGB gamut. MATLAB was used to process the images and to ascertain the proportion 
of pixels that were outside of the sRGB gamut in each case. Images have been made 
available on a website – in both raw and tiff formats – and are categorised according to 
their colour and also according to the description of the objects for which the pixels are out 
of gamut. Example, object classifications include textiles, jewellery, arts, plants, foodstuffs 
and electronics. A total of 100 wide-gamut images were selected and have been made 
available to the community.  

1. INTRODUCTION 
Trichromacy is a crucial concept in colour imaging. The majority of digital cameras 
capture colour using three sensors, usually referred to as RGB, that capture different 
wavelength properties of the scene. Digital cameras often output images in a standard 
colour space known as sRGB (Süsstrunk et al., 1999). The sRGB colour space has a gamut 
that is illustrated in Figure 1 by the black solid lines. The vast majority of image display 
devices also conform, at least approximately to the sRGB colour space so that they have a 
limited colour gamut. The vast majority of consumer images are defined in the sRGB 
colour space.

However, some capture and display devices are based on other colour spaces and one of 
the most common of these is the Adobe 1998 RGB space (Süsstrunk et al., 1999). This 
colour space encompasses about 50% of the colours in CIELAB and improves on the 
gamut of sRGB in the green-cyan colours in particular. The Adobe RGB colour gamut is 
illustrated by the white lines in Figure 1. As can be seen the major difference between the 
two colour spaces is the chromaticities of the green primary which, for the Adobe space, is 
much more saturated. Images that contain colours that are outside of the sRGB colour 
space are referred to as wide-gamut images. There is some need to have standard wide-
gamut images that can be widely available to the scientific community because these can 
be used to evaluate, for example, properties of so-called wide-gamut devices. With the 
widespread use of commercialised wide-gamut displays, the demand for wide-gamut 
content is increasing (Murakami et al., 2013). The majority of LCD displays are based on 
the sRGB colour gamut whereas AMOLED displays support the Adobe RGB colour space; 
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based on an analysis of gamut volumes, AMOLED displays have been shown to be able to 
display 60-80% more discernible colours than the LCD displays (Li et al., 2014). Wide-
gamut images can also be useful for evaluating gamut-mapping algorithms (Langendijk et
al., 2009). 

There have been several approaches to collect wide-gamut images. One approach is to use 
a spectral camera because this can capture a very wide colour gamut (Murakami et al.,
2013) or, alternatively, a multispectral camera (Murakami et al., 2012). However, spectral 
cameras can be expensive, bulky and sometimes require extensive calibration and these 
constraints make them not so suitable for capturing images outdoors. A second approach 
has been to artificially expand the gamut of existing sRGB-specified images. However, in 
this paper we use consumer-grade digital SLR cameras that have the capacity to record 
images in Adobe RGB colour space. The aim of the work is to capture a large number of 
naturally occurring images that contain pixels that are outside of the sRGB colour gamut 
and to make these images widely available to the community for use.

Figure 1: CIE 1931 chromaticity diagram showing the gamut of sRGB (black line) and Adobe 
1998 RGB (white line). 

2. METHOD 
Three different digital SLR cameras were used to capture the images. Table 1 lists the 
cameras and their settings. 

Images were captured as raw files and converted to 16-bit TIFF files with the Adobe sRGB 
colour space. Note that some images were captured in portrait mode and others were 
captured in landscape mode. 
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based on an analysis of gamut volumes, AMOLED displays have been shown to be able to 
display 60-80% more discernible colours than the LCD displays (Li et al., 2014). Wide-
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2. METHOD 
Three different digital SLR cameras were used to capture the images. Table 1 lists the 
cameras and their settings. 

Images were captured as raw files and converted to 16-bit TIFF files with the Adobe sRGB 
colour space. Note that some images were captured in portrait mode and others were 
captured in landscape mode. 

Table 1: Details of the camera files used in the work. 

Device Name Colour Space File Type Conversion 
File Type 

Image Size 

Nikon D90 Adobe RGB RAW  16-bit TIFF 4288 × 2848 

Nikon D7000 Adobe RGB RAW 16-bit TIFF 4298 × 3264 

Canon EOS 100D Adobe RGB RAW 16-bit TIFF 5184 × 3456 

2.1 Image Processing and Selection Criteria 
A large number of images were captured and these were processed and then selected to 
produce a set of 100 images with content outside of the sRGB gamut. A MATLAB 
program was therefore written to analyse each image. The first step was to convert the raw 
image to 16-bit Adobe RGB TIFF files. This was done using Corel PaintShop Pro (in the 
case of the Nikon images) and Canon Image Browser EX (for the Canon images). The 
second step was to convert from Adobe RGB to CIE XYZ, using the linear transform 

܂ ൌ ۱ۻ

where T is a matrix of 3 × N XYZ values (where N is the number of pixels in the image), C
is a matrix of 3 × N linear RGB values, and M is the 3 × 3 matrix thus: 

ۻ ൌ� 
ͲǤͷ ͲǤͳͺͷͷ ͲǤͳͺͺʹ͵
ͲǤʹͻ͵Ͷ ͲǤʹ͵ ͲǤͷʹͻͲ
ͲǤʹʹ͵Ͳ ͲǤͲͲͻ ͲǤͻͻͳ͵Ͷ

൩

The linear RGB values were obtained from the camera RGB values according to the 
equation

ሺ݅ǡܥ ݆ሻ ൌ � ൫ሺܦሺ݅ǡ ݆ሻ  ͲǤͲͷͷሻȀͳǤͲͷͷ൯ଶǤଵଽଽ.

for channel i = 1 to 3 and pixel j = 1 to N and where D(i, j) is the 16-bit RGB value 
normalized to the range 0-1 for channel i and pixel j. The third step was to convert from 
XYZ values to sRGB values. The normalized XYZ values T were converted to linear 
sRGB values using the matrix equation 

܁ ൌ ܂ۯ

where T is a matrix of 3 × N normalised XYZ values, S is a matrix of 3 × N linear sRGB 
values, and A is the 3 × 3 matrix thus: 
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ۯ ൌ� 
͵ǤʹͶͲ െͳǤͷ͵ʹ െͲǤͶͻͺ
െͲǤͻͺͻ ͳǤͺͷͺ ͲǤͲͶͳͷ
ͲǤͲͷͷ െͲǤʹͲͶͲ ͳǤͲͷͲ

൩

The proportion of pixels that were outside of the sRGB gamut was calculated as being thr 
proportion of pixels for which either A(1, j), A(2, j) or A(3, j) was less than zero or greater 
than 1 at this stage. However, for display and subsequent storage as sRGB values the linear 
values A were processed thus 

ሺ݅ǡܤܩܴ ݆ሻ ൌ �ͳǤͲͷͷܵሺ݅ǡ ݆ሻଵ ଶǤସൗ െ ͲǤͲͷͷ

if ܵሺ݅ǡ ݆ሻ > 0.0031308 and otherwise 

ሺ݅ǡܤܩܴ ݆ሻ ൌ �ͳʹǤͻʹܵሺ݅ǡ ݆ሻǤ

Figure 2 shows the flowchart of the colour-imaging workflow. 

Figure 2: Flowchart illustrating workflow.

The approach of using an Adobe RGB camera system to obtain the images means that 
only colours that are blue, green, yellow and orange can be captured that are outside of the 
sRGB gamut. This is because the gamut boundaries of the two RGB systems in the red-
magenta-blue region are the same (see Figure 1). A wide variety of content was aimed for 
including natural (precious stones, animals, plants, food) and manmade (light, textiles, 
plastics/paints, modern). 

3. RESULTS AND DISCUSSION 
Figure 3 illustrates some example output from the image processing described earlier. The 
left-hand upper pane shows the original image (as an sRGB representation) and the left-
hand lower pane highlights the pixels that are out of the sRGB gamut (in this image pixels 
that are inside the gamut are darkened and the out-of-gamut pixels retain their original 
colour). The yellow colours of the flowers, for example, are out of gamut. The right-hand 
pane shows a CIE chromaticity diagram and the chromaticities of every pixel in the image. 
The sRGB and Adobe RGB gamuts are shown as white triangles. It is clear that some of 
the pixels in the yellow region are out of gamut. However, recall that gamuts are three 
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Figure 2 shows the flowchart of the colour-imaging workflow. 

Figure 2: Flowchart illustrating workflow.

The approach of using an Adobe RGB camera system to obtain the images means that 
only colours that are blue, green, yellow and orange can be captured that are outside of the 
sRGB gamut. This is because the gamut boundaries of the two RGB systems in the red-
magenta-blue region are the same (see Figure 1). A wide variety of content was aimed for 
including natural (precious stones, animals, plants, food) and manmade (light, textiles, 
plastics/paints, modern). 

3. RESULTS AND DISCUSSION 
Figure 3 illustrates some example output from the image processing described earlier. The 
left-hand upper pane shows the original image (as an sRGB representation) and the left-
hand lower pane highlights the pixels that are out of the sRGB gamut (in this image pixels 
that are inside the gamut are darkened and the out-of-gamut pixels retain their original 
colour). The yellow colours of the flowers, for example, are out of gamut. The right-hand 
pane shows a CIE chromaticity diagram and the chromaticities of every pixel in the image. 
The sRGB and Adobe RGB gamuts are shown as white triangles. It is clear that some of 
the pixels in the yellow region are out of gamut. However, recall that gamuts are three 

dimensional and the out-of-gamut pixels have been identified as those that are outside of 
the three-dimensional sRGB gamut (as described in the Methods) and are highlighted in 
pink in the right-hand image. Note that in this example some pixels that are inside the 
sRGB triangle are actually out of gamut. In Figure 3, it can be seen that 43.8% of the 
pixels for this particular image were out of gamut. On average the images had about 18% 
of their pixels outside of the sRGB gamut with the minimum and maximum being 1% and 
82% respectively. 

Figure 3: Flowchart illustrating the sample process. 

As can be seen in Table 2, the number of images with out-of-gamut blue, green, yellow 
and orange components was 47, 43, 29 and 12 respectively; these numbers sum to more 
than 100 because some images contained two or more different colours that were outside 
of the gamut. Blue and green colours were most prevalent. In terms of categories, animal 
and jewelry were the most difficult to obtain. 

Table 2. Summary of images included in the final database. 

The images are publically available at the following website which has been developed to 
support the images and their use within the scientific community - 
http://widegamutimages.wordpress.com/.
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4. CONCLUSIONS 
A total of 100 images have been captured with pixels that are outside of the sRGB gamut. 
On average the images had about 18% of their pixels outside of the sRGB gamut with the 
minimum and maximum being 1% and 82% respectively. The image contents represent a 
wide variety of subject matter including natural (precious stones, animals, plants, food) and 
manmade (light, textiles, plastics/paints, modern) objects. The images  

The colour space of the cameras was set to Adobe RGB and the file format was set to 
record raw. The images were converted to 48-bit TIFF images in the Adobe colour space 
and on average had about 18% of their pixels outside of the sRGB gamut. MATLAB was 
used to process the images and to ascertain the proportion of pixels that were outside of the 
sRGB gamut in each case. Images have been made available on a website – in both raw 
and tiff formats – and are categorised according to their colour and also according to the 
description of the objects for which the pixels are out of gamut. Example, object 
classifications include textiles, jewellery, arts, plants, foodstuffs and electronics. The 
images have been made freely available to the scientific community for download. 

REFERENCES 
Süsstrunk, S., Buckley, R. and Swen, S. 1999. Standard RGB Color Spaces, Proceedings 

of the 7th IS&T Color Imaging Conference, 127-134. 
Murakami, Y., Yamaguchi, M. and Ohyama, N. 2013. Dictionary-Based Estimation of 

Spectra for Wide-Gamut Color Imaging, Color Research and Application, 38 (2), 
120-129.

Li, Y., Westland, S., Pan, Q. and Cheung, V. 2012. Methods to assess the relative number 
of discernible colours for displays, Proceedings of the 22nd IS&T Color Imaging 
Conference, 189-194. 

Langendijk, E.H.A., Hotz, A.S. and Hinnen, K.J.G. 2009. Wide Gamut Color Mapping and 
Image Enhancement using Image Segmentation, Proceedings of the 17th IS&T Color 
Imaging Conference, 181-185. 

Murakami, Y., Iwase, K., Yamaguchi, M. and Ohyama, N. 2008. Evaluating Wide Gamut 
Color Capture of Multispectral Cameras, Proceedings of the 16th IS&T Color 
Imaging Conference, 189-194. 

.

Address: Prof. Stephen WESTLAND, School of Design, 
University of Leeds, Woodhouse Lane, Leeds, LS2 9JT, UK 

E-mails:s.westland@leeds.ac.uk,texqp@leeds.ac.uk 

554
AIC2015 TOKYO - Color and Image



PS1-27
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ABSTRACT
Due to rapid progress of information technology, our opportunities to observe color images on 

various displays are increasing too. Recently usage of both large scale panels and diminutive displays 
of smart phones or wearable terminals have also widely spread into our daily life.

With color images, we perform various things such as taking photos, seeing, editing, and more 
through various displays. But since each display has its own color reproduction characteristic and color 
gamut, when we input the same color data to different displays, their outputs will not be the same. 
In the cases of buying clothes on Internet or exchanging digital photos via personal computer, such 
differences on different displays could cause different impression which may mislead our judgment. 
Furthermore, in remote medical treatments, these differences of color could result in wrong diagnoses.

To achieve a uniform color reproduction between different devices, a framework proposed by 
 ing e ice rofi e  a  een i e  e  i  c eme e  a rofi e or e er  e ice to e cri e 

their unique characteristics in color representation or reproduction. Currently, most color devices are 
furnished with a profile by the device manufactures which are used in the ICC color reproduction 
c eme  ertain commercia  o t are  o  rofi e ma ing are a o a ai a e

However, certain problems remained for this approach. For examples, it cannot compensate the 
variations between individual devices even by the same manufactures, or changes due to device aging. 

oreo er  t e rofi e ormat gge te    e cri e  e ice c aracteri tic  in a  co or ace  
a product of three 1D (usually monotonous) functions. This format is a very rough approximation of a 
3D characteristic or a nonlinear map of a common device in the color space. It may have been used for 
fast implementation but have no enough representation capability in high precision color reproduction.

In this paper, we present a new approach for color reproduction of displays. In particular, an 
a gorit m to i t rofi e  or monitor  i  ro o e  a e  on im icia  ma  e ro o e  met o  
fir t mea re  t e co or re ro ction c aracteri tic o  t e e ice or a i t o  target co or  en t e 
convex coordinates in a simplex is calculated from neighborhood points for input and output on PC 
i a  n t i  a  a im icia  ma  i  o taine  ic  can e e  a  t e rofi e o  t e e ice   n 

fact, applying the inverse map of this simplicial map to input images will compensate the device 
characteristic to obtain a faithful color reproduction.

We investigated the following three implementations of the proposed method with different 
computational costs: 2D maps of the chromaticity plane, 3D maps of the color space which compensate 
chromaticity and brightness simultaneously, and (2+1)D maps which compensate chromaticity and 
brightness separately. The (2+1)D version shown to be a reasonable trade-off between performance 
and cost. 

Finally, the proposed method and commercial profile makers are compared in terms of 
quantitative color difference between input and output colors. Besides, natural images are also used 
as input data for subjective comparison. Both experiments confirmed effectiveness of the proposed 
method.
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ABSTRACT 
In this paper, we present an algorithm for color device calibration based on 3D-LUT using 
tetrahedral interpolation for displays. In particular, instead of test in which tetrahedron an 
input point lies, we proposed a fast algorithm to build a tetrahedron which contains an 
arbitrary input point for non-uniform grids. Performance of the proposed method is 
evaluated with color difference for single color inputs and natural images. 

1. INTRODUCTION 
 To achieve a uniform color reproduction between different devices, a framework for color 
management and device calibration proposed by ICC using device profiles has been widely 
used e.g. Green (2010). Currently, most color devices are furnished with a profile by the 
device manufactures. Certain commercial software of profile making are also available.  

However, variations exist between individual devices even by the same manufactures or 
due to device aging. The profile often describes device characteristics by a product of three 
1D (usually monotonous) functions which is a rough approximation of a 3D nonlinear map. 
It might be useful for CRT but not enough for e.g. LCD displays with highly nonlinearity. 

A solution is to use 3D look-up table (3D-LUT) in particular tetrahedronal interpolation. 
Lee(2005), Barsotti(2014), Kang(1996). However, besides a large number of measurements 
required, there seemed no efficient way to test which tetrahedron for a non-uniform grid an 
input point lies before to apply the inversion transformation. Existing approaches repeat 
try-and-error to test if the point is contained in a tetrahedron turned out to be inefficient. 

In this paper, we present 3D-LUT calibration of displays using tetrahedronal interpolation 
in terms of simplicial maps. This formulation provides a conceptually clearer description of 
device calibration. The algorithm is different from existing approaches based on 3D-LUT 
using tetrahedral interpolation in the way to determine which tetrahedron an input point lies 
in.  Instead of try to test if the point lies in a tetrahedron, we directly build a tetrahedron 
which contains the input point. 

The following three implementations of the proposed method with different computational 
costs are investigated: 2D maps of the chromaticity plane, 3D maps of the color space 
which compensate chromaticity and brightness simultaneously, and (2+1)D maps which 
compensate chromaticity and brightness separately. The (2+1)D version shown to be a 
reasonable trade-off between performance and cost.  

The proposed method and commercial profile makers are compared in terms of quantitative 
color difference between input and output colors. Besides, natural images are also used as 
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input data for subjective comparison. Both experiments confirmed effectiveness of the 
proposed method. 

2. PROPOSED METHOD 

2.1 Simplicial linear maps and convex combination 

A m-simplex is a m-D polytope which is the convex hull of its m+1 vertices 11 ,, �mxx � : 
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E.g. a 2-simplex is a triangular, a 3-simplex is a tetrahedron. A set of points in nR  can be 
regarded as a collection of simplices or a simplicial complex. 

   Here � �Tmaaaa ,,, 21 �  are called convex or barycentric coordinates of x  with respect 
to { ix }, which can be obtained as follows including the inverse of an mmu  matrix X . 
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   A point x  lies insides the m-simplex if and only if all its barycentric coordinates 0tia . 

   A map )(xfy  is a linear simplicial map if 1,,1,)( �  miyxf ii �  and when 

¦¦    
i iii ii yaxfyxax )(, . The linear simplicial maps then can be used to 

approximate 0C -class or continuous maps. 

   Characterization of a device is to produce a profile or a forward model as a map p  from 
a device color space to the PCS or vice versa. Then calibration of the device is basically to 
apply the inverse map of p  on the input color in PCS to compensate or correct the 
characteristics of the device in order to obtain a truthful color reproduction. E.g. for a 
display, the profile is measurements of the output RGB values for certain target colors in 
PCS. Such a forward map p  is approximated by a linear simplicial map in 3D-LUT and 
the inverse map 1�p  by tetrahedronal interpolation. Then an input x  is first transformed to 

)(1 xpz �  of which the output xxppzp   � )()( 1$  reproduces the input faithfully.  

   The inverse 1�f  of a linear simplicial f  such that )(1 yfx �  is also linear simplicial, 
which can be calculated as follows. 
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a device color space to the PCS or vice versa. Then calibration of the device is basically to 
apply the inverse map of p  on the input color in PCS to compensate or correct the 
characteristics of the device in order to obtain a truthful color reproduction. E.g. for a 
display, the profile is measurements of the output RGB values for certain target colors in 
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which can be calculated as follows. 

 

 

   Given a point y , one needs first to find a simplex in which the point lies. Denote the 
vertices of the simplex as )(,,, 11 iim xfyyy  �� . The second step is to calculate the 
barycentric coordinates ib  of y  with respect to iy  such that ¦ i ii yby . The inverse map 
is then given by 

¦  �
i ii xbyfx :)(1                                                     (4) 

   Since ¦ ¦    
i i iiii yybxfbxf )()( , the map (4) does give the inverse image of y . 

2.2 Test if a point is inside a tetrahedron 
In order to calculate the inverse map, a 3D-LUT requires to find the tetrahedron in which 
the input point x  lies. This is however non-trivial for non-uniform grid which is the typical 
case for device calibration. 

   It is usually done by choosing a tetrahedron whose vertices are closted to x . Then 
calculate the convex coordinates ia  and check if the convex inclusion conditions 0tia  are 
satisfied. If not one needs to try another tetrahedron. In fact, since trials have to be repeated 
to avoid the cases shown in Figure 1(a), these calculations seemed to be the most time-
consuming step in the 3D-LUT processing.  

   There are also other ways e.g. Amidror. I. (2002) to test if the straight line connecting x  
with a point lie in the tetrahedron intersects a face of the tetrahedron. x  lies insides when 
there are no such a intersection for all 4 faces of the tetrahedron. However since the 
calculation to test the above intersection in a face or a triangular requires as the first step to 
calculate the convex coordinates of x  with respect to the tetrahedron, this method seemed 
to be less efficient than direct application of the convex inclusion condition. 

2.3 A new method to build a tetrahedron containing a point 
Firstly, we reduce all 3D processings to 2D ones since calculations of barycentric 
coordinates and convex inclusion for triangulars are much easier than for tetrahedrones. 
Secondly, instead of repetition of test in which tetrahedron the input point lies, we directly 
produce a tetrahedron which contains the point without try-and-error. 

   To explain the idea, assume that an input point ( , , )Tx D E J  is given. Then one can draw 
a line O  through x  in parallel to one coordinates axis e.g. 1X . Here we used 1X  as the L 
values in the CIELUV space. This line will intersect with two triangulars near to x . (We 
omit the lucky case when the line intersects a vertex or grid point of the triangulars.) In 
particular, the projections of the two triangulars onto the plane > @32 , XX  of the 2nd and the 
3rd coordinates, which are two triangulars again will contain the projection � �,E J  of the 
input point x  onto > @32 , XX . Search for these two triangulars is easy since it is virtually in 
the > @32 , XX  plane among the grid points whose the 2nd and the 3rd coordinates are close 
to � �,E J  We di this for the L levels below and about D . 

Then we chose the desired tetrahedron with vertices of one of triangulars, e.g. 321 ,, xxx  
and 4x  as the intersection point of the line O with the other triangular. (See Figure 1(b)). 
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   In fact, the barycentric coordinates of the intersection w  between the line O  and the 
triangular { 31 ,, xx � } can be found the following 2D calculation. 

   Denote � �Tiiii xxxx 321 ,,  
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(a) 4x is an invalid vertex    (b) 4x as intersection of 
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Figure 1: Build a tetrahedron containing a point X  

   Notice here that the inverse image of w under the profile map is the convex combination 
with the same barycentric coordinates of the inverse images of ix . 

2.4 Algorithm 
The algorithm for display calibration with PCS as CIELUV space is described as follows:  

Step 1: Build the profile or forward map by measurement on a display for target colors. The 
data are averaged among three measurements; 

Step 2: For an input color � �, , T
x D E J , for L levels below and aboveD , find the two 

triangular including � �,E J  in ][ **vu  plane; 

Step 3: Draw the line O  along L axis and find the fourth vertex 4x  by (6) therefore build 
the tetrahedron containing x ; 

Step 4: Calculate the convex coordinates of the input color x  with respect to measured 
data by eq.(3); 

Step 5: The inverse map (4) was applied to input color data as a preprocessing for color 
reproduction. 

   This algorithm is applied in three stages in the order of increasing complexity: firstly to 
**vu  plane in CIELUV which we called 2D correction, secondly **vu  and L axis separately 

which we called (2+1)D correction and finally the CIELUV space which we called the 3D 
correction. 
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2.5 Environment 
Measurements and photos of the displays were all taken in a darkroom. CA-210 by 
KONICA MINOLTA was used as the colorimeter and each colorimetry value was obtained 
from average of three measurements. The target colors are consisted of 695 sample points 
on CIELUV space derived from 113 lattice points on the **vu chromaticity plane and 11 
levels of brightness as L = 25, 30, …, 75. Furthermore, color difference between input 
color data and measured color data was evaluated by the distance 'E in CIELUV space. 
E.g. for  

),,( aaa vuLa   and ),,( bbb vuLb  , � � 222 )()( bababa vvuuLL ����� '( . 

3. EXPERIMENTAL RESULT 
Experiments on single color input and natural image are conducted for evaluation. 

The table 1 shows the result applying the proposed method on 695 target colors. The color 
difference between input color and output color measured on display are shown for colors 
under calibration. The proposed method is compared with Spyder4Elite, a commercially 
available ICC profile maker. The proposed methods provided very closer reproduction of 
the input in 2D, (2+1)D and 3D cases. In Figure 2, we show the photos of two displays 
both showing the same color input twice on top and bottom. The top images are without 
calibration and the bottom were calibrated color. The improvement of agreement between 
the two displays can be easily observed. 

Table 1: Comparison of color difference on displaying single color input 

 Spyder4Elite 2D calibration 3D calibration (2+1)D calibration 

Average 'E 16.415 7.255 1.712 3.361 

Standard Deviation 7.806 1.039 1.245 1.938 

Max 'E 38.440 11.646 10.577 16.606 

Min 'E 1.070 4.147 0.200 0.284 

 

 
Figure 2: Comparison of the outputs of a single color input before and after calibration 
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Result of applying proposed method to natural images are shown in Figure 3. 

  

 
Figure 3: Comparison of a natural image before and after calibration 
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“Psycolorsynthesis”: An Introduction of 10-Color Communication 
Method
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ABSTRACT
P co or nt e i  i  a ne  e e o e  conce t eri e  rom c o nt e i  i e 

harmonizing one’s plural selves to attain integration of the personality is what Assagioli (1965) calls 
psychosynthesis, this paper shows that colors can play a critical role to attain this integration. 10-color 
communication method is introduced to demonstrate that colors enhance the awareness of self as well 
as others’ understandings. And this awareness brings about personality integration. The method applies 
colors as an effective medium for people to express themselves regardless of their social status and 
contexts. The method calls for a workshop with a group of 8 to 12 people, and let each of them use a 
set of color cards (normally about 200 colors). It consists of two modules: communication with self by 
ma ing a co or i entification ata  arrange  rom  e ecte  a orite co or  an  comm nication 
with others by giving 2 colors to other participants as a gift. Data collected from more than 300 
workshop participants identify that approximately 80% of them show clear correlations between 
10 self-selected favorite colors and colors received from others as a gift. In addition, workshop 
observation suggests that communication with a medium of colors clearly enhance relaxed interactions 
among participants and result in becoming aware of self and others. 10-color communication method 
demonstrates that the power of colors can overcome risks, worries, and fears that people have deal with 
when they attempt to share their inner-colors. When colors applied to people as their representations, 
each color-ID (representing each person) is unique and distinctive, for which nobody can say better or 
worse compared with others’ color-IDs (representing other persons). This communication method can 
effectively be applied to improve the practices of social activities such as recruiting and counseling.
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ABSTRACT 

 “Psycolorsynthesis” is a newly developed concept derived from psychosynthesis. While 
harmonizing one’s plural selves to attain integration of the personality is what Assagioli 
(1965) calls psychosynthesis, this paper shows that colors can play a critical role to attain 
this integration. 10-color communication method is introduced to demonstrate that colors 
enhance the awareness of self as well as others’ understandings. And this awareness�
brings about personality integration. The method applies colors as an effective medium for 
people to express themselves regardless of their social status and contexts. The method 
calls for a workshop with a group of 8 to 12 people, and let each of them use a set of color 
cards (normally about 200 colors). It consists of two modules: communication with self by 
making a color identification data (ID) arranged from 10 selected favorite colors and 
communication with others by giving 2 colors to other participants as a gift.  

Data collected from more than 300 workshop participants identify that approximately 
80% of them show clear correlations between 10 self-selected favorite colors and colors 
received from others as a gift.  In addition, workshop observation suggests that 
communication with a medium of colors clearly enhance relaxed interactions among 
participants and result in becoming aware of self and others. 10-color communication 
method demonstrates that the power of colors can overcome risks, worries, and fears that 
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people have deal with when they attempt to share their inner-colors. When colors applied 
to people as their representations, each color-ID (representing each person) is unique and 
distinctive, for which nobody can say better or worse compared with others’ color-IDs 
(representing other persons). This communication method can effectively be applied to 
improve the practices of social activities such as recruiting and counseling. 

1. INTRODUCTION 

This paper introduces a new color communication method and shows, with the evidence of 
collected data, that the method can be an effective way for enhancing the awareness of self 
as well as others’ understandings. In 10-color communication method that this paper 
introduces, colors are used as representations of one’s multiple aspects of inner-selves 
(hereafter “inner-colors”). While mutual understanding is the essential goal of 
communication, few can actually understand self, let alone understand others. To begin 
with, one may not necessarily express one’s feelings and thoughts freely due to socially 
expected norms and/or conflicting interests that one might have vis-à-vis others. This paper 
shows that colors enable people, regardless of their social status and contexts, to express 
themselves through inner-colors freely and to gain self-confidence The data collected from 
the communication workshops show that this straightforward method not only develops 
the awareness of self and others’ understandings but also and more importantly provides 
participants with self-synthesizing and healing experiences. In this regard, this method can 
be named “psycolorsynthesis” after psychosynthesis (Assagioli, 1965).  

The paper firstly explains the two modules of 10-color communication workshop and 
color-IDs, followed by the results of the workshop to show features of color-IDs and 
remarkable findings of color correlations. The paper then suggests how 10-color 
communication can potentially be effective when applied to social practices such as 
recruiting and counseling. 
 

2. METHOD 

The method calls for a workshop with a group of 8 to 12 people, and let each of them use a 
set of color cards1. It consists of two modules of communication as follows.  

2.1 Module1: Communication with self 

For the first module, each participant is asked to select 10 favorite colors, cut them 
squarely from the provided color card set, paste the selected 10 color pieces on a sheet 
straightly in his/her own favorite arrangement with glue. A frequently asked question is if 
selected color cards shall be arranged in order of his/her preference. And its answer is to 
arrange straightly as one feels the color-ID the most beautiful. This method specifically 
uses 10 colors for the following reason; while beautiful color combinations are two-color, 
three-color, four-color, five-color, and six-color combinations, a ten-color-ID can contain 
combinations such as 2-2-2-2-2, 3-3-4, 5-5, 6-4, 2-2-2-4, and so forth.  Thus, not only mere 
color combinations but also groupings of the combinations show the feature of one’s 
personalities and patterns.   

                                                 
1 “Color Cards 199a ” produced by Japan Color Enterprise Co., LTD contains 199 selected colors 
based on Practical Color Co-ordinate System(PCCS)  and better serves for this workshop.  
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Once color-IDs are made, participants take a close look at each of their color-IDs that are 
sticked on a board, express in words whatever they intuitively sense and feel for each 
color-ID. Words can be nouns, adjectives, and short sentences. For example, “I feel bright 
like Sun shine.” When participants express in words for each color-ID, each participant 
takes notes what others say about his/her own color-ID. 

2.2 Module2: Communication with others  

For the second module, each participant selects two colors that most fit the image of each 
of other participants, and then cut the two colors in square and give them to the participant 
as a gift. In this way, everybody receives two colors each from other participants. Each 
participant pastes all the received color squares on a sheet as he/she likes. Then, again, 
participants take a close look at each of the sheets sticked on a board, express in words for 
each of the sheets. When participants received colors and then received words for 
collected colors, participants realize how they are perceived by others. Finally, participants 
take out their own color-ID sheets and gifted color-square sheets from the board, and 
compare and analyze these two sets of colors. 

3. RESULTS AND DISCUSSION 

3.1 Color-IDs representing diverse inner-colors 

In Module1, when participants expressed their feelings for each color-ID, they could talk 
freely as if they were playing a game. Participants shared many inspiring words to enjoy 
this process. On the other hand, when a participant took his/her turn to receive words from 
others, the participant realized that each word received from others was a representation of 
him/her-self. Through receiving many words, each participant becomes aware of one’s 
inner-selves.  

Color-IDs on Figure 1 are 188 (65 men and 123 women in the age range of between 
20s and 50s) sample results collected from Module1 color communication workshops 

conducted for Japanese.  Presented words 
for color-IDs mean that popular words that 
the owners of color-IDs received from other 
participants.  This figure shows that they 
are all unique, different, and extremely 
diverse 2 .  Yet, careful observation offers 
some tendencies. 

Color-IDs of women tend to be found in 
areas with presented words such as “Cute,” 
“Pretty,” and “Casual,” while those of men 
are found in areas with “Dynamic,” 
“Classical, “Cool. Having said that though, 
color-IDs for both women and men can be 
found any areas in the figure.  Thus, one 
cannot identify men/women from color-
IDs. 

                                                 
2 Total possible combination is more than 1029, while the total world population is about 1010. 
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Color-IDs on Figure 2 are collected 
from 20 female university students. 
Looking at these color-IDs, people 
imagine words in mind. Women are likely 
to express their feelings in words. At 
beginning, theorists might feel not at ease 
finding words, yet colors gradually relax 
them to utter words as they feel.  Some 
people are rather reserved to express their 
feelings. For this color communication 
workshop, however, it was observed that 
the bulk of participants were comfortable 
to express their feelings in words about 
presented color-IDs. As far as their topic 
was color-IDs, they seemed not to have 
any hesitation to share their feelings. 
Color-IDs are independent from their social positions and have an affinity for intuitive 
feelings. Participants apparently felt at home. They were talkative and open-minded as 
they enjoyed pleasant interactions. Many participants said that this communicative 
interactions to express and receive feelings each other were a healing experience. 

Color-IDs on Figure 3 are collected from 20 men. Which color-IDs are atttrative for 
you? What do you imagine persons making these color-IDs? Because color-IDs are simple 
and visual, anybody can participate in sharing feelings. Through color-IDs, people 
appreciate the diverisity of people’s identities. 

3.2 Comparing and analyzing results of Module1 and Module2 

Figure 4 shows 15 color-IDs (from Module1) and corresponding 15 sets of colors that each 
participant received from others (from Module2).  The 15 participants consist of 13 female 
university students, a lecturer, and a professor. The more colors one receives from others, 
the more one can understand one’s inner-colors that are reflected on one’s appearance. 
While vividness and brightness of one’s inner-colors may change according to the time 
place, occasion and physical condition to some extent, their hue basically remains more or 
less the same. As one practices this workshop several times, one can realize one’s inner-
colors’ patterns. One’s preference, ways of thinking, and behavioral patterns are reflected 
in one’s color arrangement. The comparison between one’s own color-ID and colors 
received from others remarkably shows that many of them have resembling compositions 
to a great extent. This result suggests that one’s inner-colors, which are practically 
invisible, are actually appearing outside oneself, and thus, others can sense one’s inner-
colors from one’s appearance and express them in colors with a significant degree of 
accuracy.   

Experiencing this remarkable result leads participants to astonishingly realize that their 
inner-colors are visualized by others.  One can become aware of inner-colors of others, 
which people would not expect to be aware of. Inner-colors, which one thinks that one 
may hide as far as one does not express, can actually be aware of by others through one’s 
appearance, atmosphere, behavior, voices, etc. When the impression of color-ID differs 
from that of colors one receives, the difference suggests that one have an unrecognized 
inner-colors that others can visualize. Does that mean that one does not realize one’s own 
appealing selves? Or does one show a different image of selves to others?  This, in any 
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event, provides one with a valuable opportunity to become aware of selves through 
realizing how one is perceived by others. 

Through this workshop, participants understand that color-IDs make their invisible 
subconscious mind visible. This experience makes each participant begin to become 
his/her own self-counselor. That one can visualize one’s inner-colors through one’s color-
ID provides an opportunity for the one to critically reflect oneself for personal growth.  
Participants also become aware that people have intuitive abilities to read “invisible.” This 
is not supernatural power. People have intuition to read others’ inner-colors. Colors can 
convey one’s inner-selves to others.  

3.3 Practical applications 

(1)Recruiting: 10-color communication method can benefit both recuiting companies and 
applicants because it removes unnecessary biases from recruiting processes. Computer 
based recruiting methods that analyze one’s expected performance based on sexes, ages, 
academic background, working histories, obtained licenses, etc. tend to only appreciate 
talents appeared on selected aspects of abilities.  Semantic differential (SD) method, which 
has widely been applied in a broad range of practices, tends to strengthen dichotomies such 
as good-bad, strong-weak, superior-inferior, and to develop unnecessary hierarchy due 
largely to its linear relationships. It would be fine to apply SD method for analyzing the 
tendency of personalities. However, applying SD method for recruitment may be 
problematic as people who happen to be allocated at the top of the unnecessary hierarchy 
are selected despite the fact that it does not necessarily make sense.   

 

This may obvioulsy result in mismatched recruiting due to the lack of matching 
personalities to expected yet unwritten subtle tasks that a given job position requires. In 
contrast, complementary and neighboring color relationships of a color wheel, and the 
theory of color harmony never creates hierarchy. The concept of color harmony suggests 
creativity from mixing colors and mutual enhancement from complementary colors. 

565
AIC2015 TOKYO - Color and Image



 

 

Analyzing his/her color-ID that is obtained through 10-color communication method, 
his/her personal features can much accurately be understood. The power of colors can 
eliminate unnecessary hierarchical biases. Thus, taking visualized inner-colors in account 
when matching a person to a specific job works for the benefit of both recruiting 
companies and applicants through sound selection processes. 

(2)Counseling: 10-color communication method can effectively be applied to personal 
counseling. People naturally arrange colors in a way they feel beautiful. Through this 
arrangement, one is coordinating to harmonize plural selves inside.  This coordination is 
what Assagioli (1965) calls psychosynthesis. The process of becoming aware of self 
through the color communication workshop resembles psychosynthesis that asserts “the 
direct experience of the self, of pure self-awareness …. is true.” While Assagioli (2007) 
emphasizes the possibility of progressive integration of the personality, 10-color 
communication method contributes to the awareness of self as well as others, which, in 
turn, brings about the integration of the personality. In this regard, this 10-color 
communication method can be called “psycolorsynthesis.”   

4. CONCLUSIONS 

The author conducted 10-color communication workshops for a total of more than 300 
people. The paper has shown that this method contribute to become aware of self and 
others’ understandings. Specific findings from the workshops and collected data are 
follows: (1) color-IDs can represent inner-selves of people, (2) results of color-IDs show 
that they are all unique, distinctive, and extremely diverse, (3) about 80% of sample data 
showed clear correlations between color-IDs and received colors, (4) one’s inner-colors, 
which are invisible, is actually appearing outside oneself, and therefore, others can sense 
one’s inner-colors from one’s appearance and express in colors with a significant degree of 
accuracy, (5) 10-color communication method can enhance participants to actively engage 
in communicative interactions with other participants, (6) through communication with a 
medium of color-IDs, participants can overcome risks, fears, and worries that they face 
when they attempt to share their inner-selves, (7) the method provides an opportunity for 
participants to reflect their own inner-colors in a way they can use for their personal 
growth, (8) the method has significant potential to make recruiting and counseling more 
effective. 
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ABSTRACT
Gamut mapping transforms the color of an input image to within the range of a target device. 

A huge amount of research has been devoted to two subproblems that arise from this general one: 
gamut reduction and gamut extension. Gamut reduction algorithms [1,2,3] convert the input image to 
a ne  gam t t at fit  in i e t e one o  t e image  i e  t e gam t  inter ection i  e a  to t e target 
gamut, while gamut extension algorithms [4] convert the input  image to a gamut that embodies the 
original image gamut, i.e. the gamuts’ intersection is equal to the source gamut. In contrast to the 
two aforementioned cases, very little attention has been paid to the most general problem, where the 
intersection of source and target gamut is not equal to one of the two gamuts. In this paper we address 
the general problem of gamut mapping between any two gamuts presenting any possible intersection. 
To deal with this problem we unify the gamut extension and gamut redution algorithms presented in 
Zamir –et al- [5], which are based in the perceptually inspired variational framework of Bertalmío –et 
al- [6] that presents three compiting terms; an attachment to the original data, a term for not-modifying 
the per-channel image mean (i.e. not modifying the white point), and a contrast enhancement term. In 
t i  a er e o  t at  efining a moot  tran ition on t e contra t en ancement arameter o er 
the chromaticity diagram we can simultaneously reduce the input gamut in some chromatic areas while 
increasing it in others without introducing neither color artifacts nor halos. Our method could be useful 
in several different applications such as cinema postproduction (where different image looks may be 
obtained),  color transfer, or semantic enhancement.
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ABSTRACT 
Gamut mapping transforms the color of an input image within the range of a target device. 
A huge amount of research has been devoted to two subproblems that arise from this 
general one: gamut reduction and gamut extension. Gamut reduction algorithms convert 
the input image to a new gamut that fits inside the one of the image , i.e. the gamuts’ 
intersection is equal to the target gamut, while gamut extension algorithms convert the 
input  image to a gamut that embodies the original image gamut, i.e. the gamuts’ 
intersection is equal to the source gamut. In contrast to the two aforementioned cases, very 
little attention has been paid to the most general problem, where the intersection of source 
and target gamut is not equal to one of the two gamuts. In this paper we address this most 
general problem of gamut mapping between any two gamuts presenting any possible 
intersection. To deal with this problem we unify the gamut extension and gamut reduction 
algorithms presented in Zamir –et al- (Zamir 2014), which are based in the perceptually 
inspired variational framework of Bertalmío –et al- (Bertalmío 2007) that presents three 
competing terms; an attachment to the original data, a term for not-modifying the per-
channel image mean (i.e. not modifying the white point), and a contrast enhancement term.  
In particular, in this paper we show how by defining a smooth transition on the contrast 
enhancement parameter over the chromaticity diagram we can simultaneously reduce the 
input gamut in some chromatic areas while increasing it in some other without introducing 
neither color artifacts nor halos. 

1. INTRODUCTION 
Gamut mapping is defined as the modification of the gamut of an input image to make it fit 
into a destination gamut. This problem is usually divided into two sub-problems that are 
treated separately: gamut reduction and gamut extension. The former is when the 
destination gamut is smaller than of the original image. This situation occurs both in the 
printing industry where images must be carefully mapped to those colors that are 
reproducible by the different inks and in the cinema industry where cinema footage needs 
to be passed through a gamut reduction method in order to be displayed on a television 
screen (Kennel 2007). Conversely, gamut extension is devoted to the case where the 
destination gamut is bigger. This is currently needed for state-of-the-art cinema projectors 
which are able to display a wider variety of color than those obtained by cameras. 

There exist a huge number of gamut reduction algorithms and just a few gamut extension 
algorithms in the literature and we refer the reader to the book of Morovic (Morovic 2008) 
for a detailed explanation of them. Gamut reduction algorihms are usually divided into two 
classes: global (or non-local, non-adaptative) and local (or adaptative). Global methods 
involve point-to-point mapping of colors from source to target gamut. In contrast, local 
methods share two important properties of human perception: i), they better preserve the 
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color gradient between two out-of-gamut colors instead of mapping them to the same in-
gamut color and ii), two out-of-gamut colors with identical lightness and chromaticity map 
to two different in-gamut colors depending on their spatial context in the image. Recently, 
Zamir -et al- (Zamir 2014) presented a local method that is based on a perceptually based 
contrast reduction of the colors. This method was also modified to take into consideration 
the saliency of the original image (Vazquez-Corral 2014). Regarding gamut extension, the 
simplest method consists of simply taking any GRA and use the one-to-one mapping in the 
reverse direction to perform gamut extension, as Morovic comments in his book. Other 
methods that exist in the literature are (Kang 2003, Kim 2004, Laird 2009). Recently, 
Zamir -et al- showed how that by modifying the contrast parameter on their reduction 
method, a gamut expansion method was obtained (Zamir 2014, Zamir  2015). 

In this work we do not focus on any of these two particular problems, but in the most 
general one: the case where the intersection between the two gamuts is not one of them 
(this intersection is the destination gamut in case of the reduction, and the image gamut in 
case of the extension). In particular, we explain how we can introduced some locality in the 
algorithms of Zamir -et al- in order to simultaneously perform reduction on those parts of 
the original image that exceed the destination gamut whilst performing extension on those 
parts of the image that are in the surface of the image gamut but far from the destination 
gamut. In particular, we will show the ability of this method to harmonize different images. 

The paper is organized as follows. In the next section we explain the Zamir -et al- 
methodology. Later on, we explain how we introduce locality which allows us to extend or 
reduce each of the parts of the image. Results are presented in section 4. Finally in section 
5 we sum up the conclusion of this work.  

2. ZAMIR –ET AL- METHOD 
Zamir –et al- (Zamir 2014) method is a modification of the perceptually-inspired image 
energy functional defined in Bertalmío -et al- (Bertalmio 2007). In particular, the image 
energy functional considered is Zamir –et al- is 

where  and  are constant and positive weights, γ is a constant and real weight, I is a color 
channel (R, G or B), w(x,y) is a normalized Gaussian kernel of standard deviation σ, I0 is 
the original image, µ is the mean average of the original image, and I(x) and I(y) are two 
intensity levels at pixel locations x and y respectively.  

The resulting evolution equation for the previous functional can be expressed as 

where the initial condition is Ik=0 (x) = I0(x). The function R I^k(x) indicates the contrast 
function: 
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where the initial condition is Ik=0 (x) = I0(x). The function R I^k(x) indicates the contrast 
function: 

where x is a fixed image pixel and y varies across the image domain. The slope function s() 
is a regularized approximation to the sign function, which appears as it is the derivative of 
the absolute value function in the second term of the functional; in (Bertalmio 2007) they 
choose for  s() a polynomial of degree 7. 

Zamir –et al- presented the importance of the weighting parameter of the contrast term (γ) 
for the gamut mapping problem. In particular, they showed that for γ smaller than 0, the 
gamut of the image was reduced, while for γ bigger than 0, the gamut of the image was 
extended. Moreover, they also showed that the smaller the value of γ, the smaller the gamut 
of the resulting image. 

Zamir –et al- therefore chose a set of γ values smaller than 0 for creating a gamut reduction 
algorithm and a set of γ values bigger than 0 for creating a gamut extension algorithm. 
They, however, did not try study the case of selecting both negative and positive values of 
the γ parameter for the same image, in order to obtain a more general gamut mapping 
algorithm. This problem is the one we are tackling in this paper. In the next section we 
explain how given an input image and a target gamut (coming from a different image or 
from a display) a local γ  value for each image pixel can be obtained, allowing the method 
to perform reduction in some parts of the image and extension in the others. 

3. LOCAL CONTRAST COEFFICIENTS 
To start with let us shed some light in the situation we will face. Let us call  1 the  gamut 
of the image to modify and  2 the gamut we want to obtain. When plotting these gamuts in 
the chromaticity diagram three different regions will be presented. The first region will be 
the one where both gamuts intersect, and we denote it as Φ. The second region will present 
those colors in the input image that are not presented in the destination gamut. We call this 
region Ψ. Finally, the last region, that will call Ω, will be formed by the colors present in 
the destination gamut that are not present in the input image.  Therefore, our goal is to 
reduce section Ψ while at the same time increasing section Φ to cover the section Ω. In 
other words, we want to reduce those colors presented only in the input image, while at the 
same time, expanding colors of the input image presented in the destination gamut to cover 
the full destination gamut. An illustration of the aforementioned procedure can be found in 
Figure 1. 

Mathematically, we will proceed as follows to obtain the γ value corresponding to each 
chromatic color. First, we erode the region Φ to obtain the core region of the intersection 
between the two gamuts. 

where D  is a disk of radius .  

 Then, we define those points where we want to perform a bigger reduction, i.e., the 
points of section Ψ that are at a further distance of Φ, and we will give them a value that 
depends on the minima gamma we consider (γmin). In particular, if we call Γ the map of the  
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Figure 1: Explanation of the different regions found in our problem.  See first paragraph 
of section 3 for details. 

different gammas presented in the chromaticity diagram, and we call z any point presented 
in the chromaticity diagram, we obtain 

where all the values obtained will be negative. 

Later, we look for the points in Φ that are in the border with respect to Ω. These points 
are the ones where we want to perform a bigger expansion to cover the region Ω. Their 
value will be based on the maxima gamma we consider (γmax). 

where all the values obtained will be positive. 

Finally, we look for the points we want to keep static when performing our method. 

Once all these different values have been defined in the matrix Γ, all the rest of the 
values are obtained by interpolation. Finally, for each pixel of the input image, its gamma 
value is obtained by searching its correspondence in Γ. 

4. RESULTS 
Figure 2 shows a result of our method. In the upper row of the figure we show the input 
image (left), the image from where we obtain the reference gamut (right) and the result of 
our method (center). In the bottom row we present: i) left: the gamut intersection between 
the images, where the red region represents Φ, the yellow region represents Ψ, and the blue 
region Ω represent, ii) center: the map of Γ, and iii) an image with the gammas used at each 
pixel. We would like to fix the reader attention both in the sky and in the sand, where our 
method is able to match the colors of the original image to those of the reference one. The 
parameters used in this image are δ1=0.25, δ2= 2, σ=3, γmax =0.3, and γmin =-0.75. 
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values are obtained by interpolation. Finally, for each pixel of the input image, its gamma 
value is obtained by searching its correspondence in Γ. 

4. RESULTS 
Figure 2 shows a result of our method. In the upper row of the figure we show the input 
image (left), the image from where we obtain the reference gamut (right) and the result of 
our method (center). In the bottom row we present: i) left: the gamut intersection between 
the images, where the red region represents Φ, the yellow region represents Ψ, and the blue 
region Ω represent, ii) center: the map of Γ, and iii) an image with the gammas used at each 
pixel. We would like to fix the reader attention both in the sky and in the sand, where our 
method is able to match the colors of the original image to those of the reference one. The 
parameters used in this image are δ1=0.25, δ2= 2, σ=3, γmax =0.3, and γmin =-0.75. 

Figure 2: Results of our method. Upper row: Input image (left), Reference image (right) 
and our result (center). Bottom row: the gamut intersection between the images, where the 
red represents Φ, yellow  represents Ψ, and blue represents Ω (left) , the map of Γ, (center) 

and the gammas at each pixel (right). 

More results are presented in Figure 3, where we show the input image (left), the reference 
image from where the gamut is obtained (right), and our result (center). Again, we want to 
notice our ability to match the original image to look closer to the reference image. In 
thefirst case, we see how the white color has tent to the yellow of the reference image, 
while the blue has got the electric tone of the tub.  In the second image, the orangish 
background has been moved towards the red of the reference image. Finally, in the last one, 
blue of the sky has been modified as there have been also modified other  regions of the 
input image to look greener.   

5. CONCLUSIONS 
In this work we have presented a modification of Zamir –et al- algorithms in order to 
perform full gamut mapping, i.e., to being able to simultaneously reduce gamut of colors in 
some parts of the image while extending the colors in some other parts. The results 
presented are promising. Some future lines to improve our results may be the consideration 
of the full 3D gamut (a first attempt is presented in Figure 4) and the search of further 
applications such as semantic transfer. 
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Figure 3: Results of our method. Left: original image. Right: reference image. Center: 
Our result 
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ABSTRACT
Nowadays, 3D scanner is capable of acquiring realistic 3D objects. The correction for the color 

in ormation o   canne  mo e  o e er  i  ti  a c a enging to ic  Since t e ormation o  co or  
highly depends on lighting conditions, material properties and geometrical shapes. To improve the 
color appearance of the 3D objects, we develop a practice solution for color calibration, particularly 
for 3D scanned models. We initially fabricate a color 3D scanner based on a laser and a stereo camera, 
and then, we carry out the software for calculating 3D models. Likewise, this 3D scanner consists of a 
t rnta e it  motor contro  nit  or rotating a  o ect to ecific o ition  an  e era   ig t 
bulbs. All the signal of construction is delivered by Arduino unit. During the 3D scanning process, 
eight range data of the 3D object are obtained and integrated into one digital 3D model. The color 
images, which are pre-calibrated, are again cast on this 3D model by considering geometrical shapes. 

n co or correction o eration  fir t  e t a ite oar  on t e t rnta e o  o r  canner  an  
took several pictures. Then, we made the white board in all pictures uniform. Since LED may irradiate 
in a non-uniform distribution. Second, color calibration for 3D scanner is performed. The 24-color 
board with ColorChecker is again put on the same position. Similarly, the ColorChecker images are 
con erte  a  ni orm accor ing to t e fir t treatment  en  a  image  it  ni orm rig tne  are 
again regressed by using a polynomial equation. Since the reference tristimulus values XYZ, of the 
color checker are the ground truths, the measured tristimulus values of color checker emitted by the 
ti i e  ite  are fina  m c  c o e to t e re erence a e  a ter t e ea t are e timation  

The initial experimental result in 3D scanner color correction stage shows the average color 
i erence a e  *

94 for non-color correction is 25.3 and those for color corrections using by the 1, 2, 
3 order regression equations are 11.2, 6.4, 4.6 respectively (See Figure 2). Finally, color correction for 
compensating color shifting due to the different depth positions of a scanned object will be executed. 

e fina  re t  i  e re orte  in t e  a er
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ABSTRACT 
Color performance of 3D scanning model depends on color quality of the range images of a 
3D object. In this study, color correction operation for 3D scanning models was 
established, which was composed of 2D color correction and 3D luminance correction 
Firstly, 2D color correction was executed, which contains lighting uniformity correction, 
gray balance correction and camera color correction. After 2D color correction, each range 
image is correction by 3D luminance correction considering its 3D depth information. A 
direct color measuring method using a 2D colorimeter is used to capture precise color 
information of the reference ColorChecker and the 3D object, which can apply to the 
proposed color correction operation. 

1. INTRODUCTION 
Nowadays, 3D scanner is capable of acquiring more realistic 3D objects. However, the 
color correction of 3D scanning models is still a challenging topic. The precise color 
reproduction of a 3D object highly depends on lighting conditions, material properties and 
geometrical shapes. To improve the color reproduction abilities of 3D object, we develop 
practice color correction operation for 3D scanning models by means of the using of 2D 
color correction and 3D luminance correction.  

We initially fabricate a color 3D scanner based on a laser and a stereo camera, and we 
carry out the software for calculating 3D models. Likewise, this 3D scanner consists of a 
turntable with motor control unit, for rotating a 3D object to specific positions, and several 
LED white light bulbs. All the signal of construction is delivered by Arduino unit (Figure 
1). During the 3D scanning process, eight range images of a 3D object are obtained and 
further integrated into one using digital 3D model [1].  

Since color information of the scanning model is determined by the combination of all 
range images, the practice solution of the 2D color correction is useful for solving the color 
information. However, these color-calibrated 2D range images are still affected by 3D 
depth information of a 3D object. Therefore, another practice solution is to perform the 3D 
luminance correction. It is expected that the scanning model could make duplicate object 
achieve the same as the realistic object by means of the total color correction solution.  

573
AIC2015 TOKYO - Color and Image



 

 

 

Figure 1: 3D scanner construction 

2. METHOD 
A 3D scanning system was developed in our laboratory. The 3D scanner is designed for 
scanning the object and taking the range images of the object by a set of stereo camera. 
Besides, the equipment and tools used in this study are arranged in Table 1.  

Table 1: The equipment and tools in this study 

No Item No Item No Item 

1 

Topcon  

UA-1000A  

2 

X-rite  

ColorChecker Passport 

3 

3D printed 

Ball  

   

4 

X-rite  

SpectraLight III 

5 

X-rite  

White Balance Card 

  

  

 

In a 3D scanning process, we capture a color image, and then scan the object to obtain 
a series of full-color range images. To obtain a completed shape, the scanned object is 
rotated to eight specific positions by a turntable. Finally, all range images are merged into 
one solid model. However, in the merge process, the overlapped region may have 
duplicated vertexes and colors. To simplify the algorithm, we store the RGB color values 
for each vertex instead of for each polygon. To decide the reasonable color information of a 
vertex, we blend the colors which are from the projection positions of all visible images. In 
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In a 3D scanning process, we capture a color image, and then scan the object to obtain 
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practice, the colors of all vertexes are set white after all scanned range images are merged. 
In this study, our developed color correction operation for 3D scanning models composes 
of 2D color correction and 3D luminance correction. 

2.1  2D Color Correction 
As mentioned above, the colors of the scanning models cover eight range images for a 

3D object. Therefore, 2D color correction of scanning models depends on the calibrating 
colors of each range image. The standard ColorChecker was used, and its tristimulus values 
of 24 color patches emitted by D65 simulator in the light cabinet was measured by a 2D 
colorimeter (Topcon UA-1000A), which are regarded as the reference color values during 
2D color correction process (Figure 3).  

 

Figure 2: Schematic of 2D color correction 

Lighting Uniformity Correction  

Since the illuminant in light cabinet possibly irradiates on the white board non-
uniformly in the beginning, the luminance distribution on ColorChecker would have the 
similar phenomenon. Due to the non-uniform luminance, the luminance and color 
information of a 3D object should not be reproduced accurately. To solve this problem, 
luminance uniformity should have a high priority at the first step for calibrating image. A 
uniform white board is placed at the same position of the object. When the background 
white was captured by a camera, its 8-bit RGB values can be converted to CIExyY. The Y 
distribution represents the lighting distribution of a range image. According to its original 
Y distribution, the inverse luminous mask (brightness compensating mask) can be designed 
to compensate the uniformity of a digitalized image. The original digital image was also 
converted to CIExyY. Its luminous distributions carry the entrywise product with the 
brightness compensating mask, then a digitalized image with lighting uniformity correction 
would be achieved. 

Gray Balance Correction  

    The captured raw images look greener than normal one if the camera has no color 
calibration. To confirm this problem, the example of RGB tone curves was plotted using 
the six gray-scale patches on ColorChecker, as shown in Figure 3(a). At each luminance 
level, the green signal values are higher than red and blue signal values. Therefore, it is 
necessary to adjust RGB tone curves to the similar curve shape (Figure 3(b)). 
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   (a) Before correction                        (b) After correction 

Figure 3: Gray-scale tone curves before and after gray balance correction 

Camera Color Correction  
After gray balance correction, the corrected image is only calibrated for gray-scale 

colors. The other colors on ColorChecker could be still error in comparison with the 
reference values. Therefore, we try to use polynomial regression to perform  camera color 
correction. It is helpful for resolving an unknown matrix by two groups of known matrices 
by Eq. 1. If [A] and [B] are the known matrices, and [T] is the unknown matrix. Then [T] 
can be found by using Eq. 2. [A]T is transpose of [A], and [A]-1 is the inverse of [A]. When 
the tristimulus values [X Y Z] of each range image’s pixel with gray balance correction are 
set as the [A], and the target value is set as the [B]. Therefore, the computed [T] can make 
the tristimulus values of the input image be close to the target values.  

[A] * [T] = [B]   (1)  

[T] = ([A]T * [A])-1 * [A]T * [B]                (2)  

Furthermore, [A] could be written by the forms of the 1st order regression in Eq. 3, or 
the 2nd order regression in Eq. 4 as follows.  

[A]= [X, Y, Z, K]  for 1st order regression                      (3)  

[A]=[X2, Y2, Z2, XY, YZ, XZ, X, Y, Z, K]  for 2nd order regression       (4)  

Here, [B] is defined as [X Y Z], where XYZ are the vectors of the tristimulus values, 
which are translated from the 8-bit RGB values of an image according to sRGB standard, 
and K is the constant [2]. 

2.2  3D Luminance Correction 
Before resolving the luminance problem caused by 3D depth of a real object, 2D color 

correction is necessary first. Then lightness difference ('L*) is computed for checking the 
performances of the 3D luminance correction. Finally, all range images with 3D luminance 
correction are projected again to form the new 3D object using 3D scanning model (Figure 
4). Firstly, the representative luminance values on the surface of a 3D object under the 
specific lighting condition were measured by a 2D colorimeter. The luminance values of 37 
training points were chosen to obtain reference luminance values by using a 2D colorimeter 
capturing (Figure 5(a)). On the other hand, the luminance values at the same 37 positions 
on the captured range image after 2D color correction were computed (Figure 5(b)). Then 
the 2nd order regression similar to Eq. 1 was used to compute the correcting luminance 
values of the test image. Matrices [A] and [B] are described by Eq. 5, where Y means the 
luminance value. 
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[A] = [Y, Y2];    [B] = [Y]   (5) 

 

 

Figure 4: Schematic of 3D luminance correction 

                            

      (a) Raw image            (b) Image after camera color correction 

Figure 5: Training points for measuring luminance values 

3. RESULTS AND DISCUSSION 
The computed range images based on 2D color correction, which covered from raw image 
to camera color correction, are arranged in Table 2. Besides, the computed range images 
based on 3D luminance color correction are also arranged in Table 3. 

Table 2: Images at 2D color correcting stages and color difference values  

Stage  ColorChecker  3D Ball  'E*94 

Raw Image 

  

43  

Luminance Uniformity Correction  

  

34  

Gray Balance Correction  

  

22  
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1st Order Regression  

  

10  

2nd Order Regression  

  

6  

 

Table 3: Images of 3D luminance correction and the lightness difference (ΔL*) 

 Reference 2D Colorimeter  2D Color Correction  3D Luminance Correction  

Image 

   

'L* --  14  5  

4. CONCLUSIONS 
Color correction operations for 3D scanning system were developed, which made 
reproduced colors of a 3D object much better than non-calibrated colors. A direct color 
measuring method using a 2D colorimeter is used to capture precise color information of 
the standard ColorChecker and the 3D object, which can apply to the proposed color 
correction operation. The mean 'E*

94 values were reduced from 43 to 6 after 2D color 
correction, and the mean 'L* values were reduced to 5 after 3D luminance correction. 
Future work is to correct not only 3D depth luminance but also the color shift problem of a 
real 3D object during 3D scanning process.  
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ABSTRACT
In visual perception, induction designates the effect by which the lightness and chroma of an 

stimulus are affected by its surroundings. When the perception of an object shifts towards that of its 
surround the phenomenon is called assimilation; in the opposite case, when the perception of an object 
moves away from that of its neighborhood, we talk about contrast. Visual induction manifests itself 
both in achromatic and chromatic form, and the ocurrence of assimilation or contrast is determined by 
the spatial frequency of the stimulus (Helson 1963, Fach and Sharpe 1986), with assimilation being 
associated to large spatial frequencies and contrast to lower ones.

A common observer looks at images on displays of vastly different sizes, from cinema screens 
to mobile phones, and in general the usual viewing distance is not proportional to screen dimensions. 

or in tance  a com orta e i tance to ie  a  inc   creen ma  e  eet  or  erea  
or a mo i e one creen o   inc e  t e a  ie ing i tance i  aro n   einonen  i  

difference in the ratio of screen size over viewing distance implies a different angle of view for each 
screen, and therefore a change in the spatial frequency of the image content when viewed on different 
displays. As a consequence, the visual induction phenomena will also change from one screen to 
anot er  t e ame image ma  o  ignificant a imi ation e ect  en i a e  on a creen  an  
less assimilation or even contrast when displayed on another.

In this work we introduce a model for visual induction based on efficient coding and which 
elaborates on a previous approach (Bertalmío 2014). We show that this new model is able to 
qualitatively replicate psychophysical data on visual induction, and we propose a method by which an 
image can be pre-processed in a screen-size dependent way so that its perception, in terms of visual 
induction (i.e. ignoring the color capabilities of the displays), may remain constant across displays of 
different dimensions.

Correcting for induction phenomena on displays of
different size

Marcelo BERTALMÍO
Universitat Pompeu Fabra, Spain

ABSTRACT

In this work we introduce a model for visual induction based on efficient coding and which
elaborates on a previous approach. We show that this new model is able to qualitatively
replicate psychophysical data on visual induction, and we propose a method by which an
image can be pre-processed in a screen-size dependent way so that its perception, in terms
of  visual  induction  (i.e.  ignoring  the  color  capabilities  of  the  displays),  may  remain
constant across displays of different dimensions.

1. INTRODUCTION

In visual perception, induction designates the effect by which the lightness and chroma of
an  stimulus  are  affected  by its  surroundings.  When  the  perception  of  an  object  shifts
towards that of its surround the phenomenon is called assimilation; in the opposite case,
when the perception of an object moves away from that of its neighborhood, we talk about
contrast. Visual induction manifests itself both in achromatic and chromatic form, and the
ocurrence of assimilation or contrast is determined by the spatial frequency of the stimulus
(Helson 1963, Fach and Sharpe 1986), with assimilation being associated to large spatial
frequencies and contrast  to  lower ones.  There is  evidence of neural activity at  V1 that
correlates with visual induction phenomena (Pereverzeva and Murray 2008).

A common observer looks at  images on displays of vastly different sizes,  from cinema
screens to mobile phones, and in general the usual viewing distance is not proportional to
screen dimensions. For instance, a comfortable distance to view a 50 inch TV screen may
be 10 feet,  or 120”,  whereas for a mobile  phone screen of 5 inches the usual viewing
distance is around 15” (Heinonen 2013). This difference in the ratio of screen size over
viewing distance implies a different angle of view for each screen, and therefore a change
in the spatial  frequency of  the image content  when viewed on different  displays. As a
consequence, the visual induction phenomena will also change from one screen to another:
the same image may show significant assimilation effects when displayed on a screen, and
less assimilation or even contrast when displayed on another.

In a recent work (Bertalmío 2014) we proposed a neural activity model which was able to
predict lightness induction. It is in the form of the Wilson-Cowan equations (Wilson and
Cowan  1972),  that model  the  activity  of  neural  populations  along  time  and  represent
interactions with the use of a sigmoid function:

(1)

where a is the activity, x and y are cortical positions, t is time, w is a spatial summation
kernel that decreases monotonically with distance, S is a sigmoid function in the range
[0,1],  h is an external input, and α, β,γ are constants. The work by Wilson and Cowan is
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very  influential  and  has  been  used  extensively  for  many  different  problems  in
computational neuroscience. Regarding vision in particular, Wilson and Cowan point out
that  their  model  reproduces  several  visual  perception  phenomena,  including  edge
enhancement.

Bertalmío et al. (2007), in an image processing context, proposed the following evolution
equation to perform local histogram equalization:

      
(2)

where a is an image channel (R,  or B), x and y are pixel coordinates, t is the evolution
parameter, 1 2 is the target global mean average, w is a spatial summation kernel, s is a
sigmoid  function  in  the  range  [-1,1],  h is  the  original  image  channel,  and  α,β,γ  are
constants. In this method, the input image h is processed by running the above evolution
equation (with initial condition  a h) until steady state: the output image will be  a at the
last iteration step, when the evolution has stopped. 

We can see then that this evolution equation has the form of the Wilson-Cowan equations,
linking  them  to  efficiency  of  representation,  color  constancy  and  the  Retinex  theory
(Bertalmío  et  al.  2009,  Bertalmío  and  Cowan  2009)  and  other  visual  perception
phenomena. But as a limitation we must note that this method always increases contrast, so
it s incapable of reproducing assimilation, as shown in Figure 1. 

 
(a)

 
(b) (c) (d)

Figure 1: (a) Original image, example of lightness assimilation: the grey bars have all the
same value but  appear different over black and white backgrounds. (b) Result of applying
the model of (Bertalmío et al. 2007) to image (a). (c) Profile of a line from image (a). (d)
Profile of a line from image (b): notice how the model of (Bertalmío et al. 2007) actually

emulates lightness contrast rather than assimilation. Figure taken from (Bertalmío 2014). 

It was in order to  overcome this  issue that  we recently proposed (Bertalmío  2014) the
following modification:

(3)

where (x) is a aussian average, (x) is the local standard deviation and c is a global,
fixed parameter. Results now show both assimilation and contrast, and the model is related
to efficient coding by performing (local) histogram equalization, spectrum whitening and
contrast enhancement.  But  the aforementioned changes  to  the 2007 model,  specifically
multiplying the contrast term by a weight depending on the local standard deviation, don t
fit too well with the basic postulates of Wilson and Cowan s theory.

Our contribution in this work will then be to introduce a new model for visual induction
that, while still based on efficient coding and the aforementioned approaches, is now able
to comply better with the theory of Wilson and Cowan as well as to qualitatively replicate
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It was in order to  overcome this  issue that  we recently proposed (Bertalmío  2014) the
following modification:

(3)

where (x) is a aussian average, (x) is the local standard deviation and c is a global,
fixed parameter. Results now show both assimilation and contrast, and the model is related
to efficient coding by performing (local) histogram equalization, spectrum whitening and
contrast enhancement.  But  the aforementioned changes  to  the 2007 model,  specifically
multiplying the contrast term by a weight depending on the local standard deviation, don t
fit too well with the basic postulates of Wilson and Cowan s theory.

Our contribution in this work will then be to introduce a new model for visual induction
that, while still based on efficient coding and the aforementioned approaches, is now able
to comply better with the theory of Wilson and Cowan as well as to qualitatively replicate

psychophysical data on assimilation and contrast results, both on achromatic and chromatic
data.  Finally, we will  propose a method by which an image can be pre-processed in  a
screen-size dependent way so that its perception, in terms of visual induction (i.e. ignoring
the color capabilities  of the displays), may remain constant  across displays of different
dimensions.

. T OD

.1 roposed model

oing back to the generalized form of the Wilson-Cowan equations used in Bertalmío et al.
(2007)

(4)

we replace the target global mean average 1 2 with (x), which is a local average:

(5)

The value for (x,t) is computed by a convolution with a kernel  obtained as a weighted
sum of two aussians, a wider one with less weight and a narrow one with larger weight,
as shown in Figure 2. 

Figure 2: eft: scaled aussians. Right: resulting kernel  for computing the local mean.

The model given by Eq. (5) now complies with the basic postulates of Wilson-Cowan.
Again, how we apply it in practice to an input image h is by running Eq. (5) to steady state,
with a h as initial condition, and the output will be the image a at the last iteration. The
results thus obtained show both assimilation and contrast, as it can be seen in Figure 3 and
Figure 4. We want to point out that all these achromatic and chromatic induction results
have been obtained with the same set of parameter values and kernel sizes, i.e. the change
from assimilation to contrast is only due to the spatial  content of the images since the
model is fixed.

.  re correcting for changes in induction

With  Eq.  (5)  we can qualitatively replicate  the psychophysical  results  of  the induction
experiments of both (Helson 1963) for achromatic stimuli and (Fach and Sharpe 1986) for
chromatic  images.  In  both  cases,  observers  were  presented  with  stimuli  consisting  of
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gratings, identical bars over a uniform background, and reported the strongest assimilation
effects for the largest spatial frequencies (thinnest bars); the strength of the effects would
decrease with the increase in bar width, turning into contrast effects for wide bars. Using
Eq. (5) we obtain the same type of results, as the green induction vs. bar-width plots in
Figure 5 show.

Figure : Predicting induction phenomena and correcting for changes in screen si e. eft:
achromatic grating, assimilation below blue line, contrast above blue line. Right: yellow
blue grating  top plots correspond to yellow, and yellow line separates assimilation from

contrast effects  bottom plots correspond to blue, and blue line separates assimilation from
contrast effects. mages in this figure approximate the plots of both ( elson 1 ) for

achromatic stimuli and (Fach and harpe 1 ) for chromatic images, which were
obtained through psychophysical tests.

ow for pre-correcting for changes in induction what we would need is  the following.
iven an  image I,  and with  the correct  choice  of  parameters,  Eq.  (5)  will  predict  the

induction effects that will be observed when looking at said image on a screen. If we now
move away from the screen or, equivalently, look at the image on a screen of smaller size,
the spatial frequencies of the image will increase and therefore Eq. (5) will predict a shift
towards  assimilation  effects.  Then  what  we  would  want  to  have  is  a  pre-processing
technique that applied to I produces an image I  whose induction vs. bar-width plot moves
to the right. This would imply that the same induction effects would be seen by looking at I
on the large screen as by looking at I  on the small screen. It turns out that what we need to
do as  pre-processing is  simply to  run the same Eq.  (5)  but  with a different  choice  of
parameters: giving more weight to (and reducing the standard deviation of) the aussian of
kernel  which has smaller width, and reducing the value of the parameter β, which sets
the strength of the contrast term. Example of plot shifts produced with this technique can
be seen in red in Figure 5.

. CONC USIONS

We have presented a method, related to neural models of vision and efficient coding in the
visual system, that is able to qualitatively replicate psychophysical data on visual induction.
We have also proposed a technique by which an image can be pre-processed in a screen-
size  dependent  way  so  that  its  perception,  in  terms  of  visual  induction,  may remain
constant across displays of different dimensions. These are very preliminary results, and
currently  we  are  working  towards  an  accurate  and  automatic  determination  of  all
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. CONC USIONS

We have presented a method, related to neural models of vision and efficient coding in the
visual system, that is able to qualitatively replicate psychophysical data on visual induction.
We have also proposed a technique by which an image can be pre-processed in a screen-
size  dependent  way  so  that  its  perception,  in  terms  of  visual  induction,  may remain
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parameters involved, extensive testing on natural as well  as artificial  images and a full
psychophysical evaluation.

Figure : chromatic induction examples. op and middle rows: contrast. Bottom row:
assimilation. n each row the first image is the input and the second image is the output

result of applying our model.

Figure 4: hromatic induction examples. eft: input. Right: output from our model.
Original figure from ( tockman and Brainard 200 ).
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ABSTRACT
Recently, Rec.ITU-R BT.2020 has been published, and the new era for a super-wide color 

gamut has been started. It is generally accepted that the wider the color gamut, the better the color 
reproduction performance of the display. In the comparison of the color gamut, percentage of the 
coverage for the chromaticity coordinates of real objects is often used. However, few have been 
reported on the comparison of color gamut from image preference or naturalness point of view. 
Among the three primaries, blue primary is considered to affect most on the color tone or color shade. 
Therefore, to investigate the best blue primary for color display from KANSEI-evaluation point of 
view, evaluation experiment was carried out using four different blue primaries of 430nm, 450nm, 
470nm, and 480nm. 

Before the experiment, test image selection was carried out. Color distributions of more than 
2600 images were analyzed based on our categorical color database, and 15 color images are selected 
as the test images from them. They are representatives of red, pink, orange, yellow, green, blue, purple, 
red-green, red-blue, yellow-green, yellow-blue, blue-green, skin, multi-colors, and monochromatic 
groups. 

In the experiment, the test image was projected by the 2 projectors, one was for blue signal (B 
ro ector  an  t e ot er one a  or t e re  an  green igna   ro ector  nter erence fi ter  o  

lp = 430nm, 450nm, 470nm, and 480nm were inserted in front of the projection lens of the B projec-
tor to achieve different blue primaries. Images from the two projectors were carefully superimposed. 
White balance of different blue primary conditions was set nearly the same by adjusting the gain con-
tro  an  in erting a ro riate  fi ter  in ront o  t e  an   ro ector  

Evaluation experiments were carried out with 2 luminance levels of 60 cd/m2 for 430nm, 
450nm, 470nm, and 480nm, and 170 cd/m2 for 450nm, 470nm, and 480nm. Test images with different 
blue primaries were randomly presented. The semantic differential method was used to quantify sub-
jective evaluations of images using 14 adjective pairs. Eleven observers participated the experiment.

Results of the 4 blue primaries comparison, 430nm, 450nm, and 470nm blue primaries showed 
similar performance except for the skin color image for which evaluation score of 430nm became 
lower than others. 480nm blue primary showed the worst performance for almost all test images and 
adjective pairs. Results of the 3 blue primaries comparison, 470nm showed the best performance, 
while 480nm showed the worst in this case, too. Generally, marked difference of evaluation was found 
in the bluish, greenish, and purple images, while no difference was observed in the red and orange 
images. Results are compared with the chromaticity distributions of test images in different blue 
primary conditions. Certain area of bluish region in the chromaticity diagram or color space is critical 
for KANSEI evaluation of bluish, greenish, and purple color images.
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ABSTRACT 
Recently, Rec.ITU-R BT.2020 has been published, and the new era for a super-wide color 
gamut has been started. It is generally accepted that the wider the color gamut, the better 
the color reproduction performance of the display. However, few have been reported on the 
comparison of color gamut from image preference or naturalness point of view. Among the 
three primaries, blue primary is considered to affect most on the color tone or color shade. 
Therefore, to investigate the best blue primary for color display from KANSEI-evaluation 
point of view, evaluation experiment was carried out using four different blue primaries of 
430nm, 450nm, 470nm, and 480nm. Before the experiment, test image selection was 
carried out. Color distributions of more than 2620 images were analyzed based on our 
categorical color database, and 15 color images are selected as the test images from them. 
In the experiment, the test image was projected by the 2 projectors, one was for blue signal  
and the other one was for the red and green signals. Interference filters of Op = 430nm, 
450nm, 470nm, and 480nm were inserted in front of the projection lens of the B projector 
to achieve different blue primaries. Images from the two projectors were carefully 
superimposed. Evaluation experiments were carried out with 2 luminance levels of 60 
cd/m2 for 430nm, 450nm, 470nm, and 480nm, and 170 cd/m2 for 450nm, 470nm, and 
480nm. The semantic differential method was used to quantify subjective evaluations of 
images using 14 adjective pairs. Results of the 4 blue primaries comparison, 430nm, 
450nm, and 470nm blue primaries showed similar performance except for the skin color 
image. Results of the 3 blue primaries comparison, 470nm showed the best performance. 

1. INTRODUCTION 
Rec.ITU=R BT.2020 has been published in 2012. Its primary colors are 630nm, 532nm, 
and 467nm(ITU 2012). It is a new standard for broadcasting a super-high vision such as 4K 
or 8K in the future. In general, it has been considered that the wider color gamut is the 
better one. Performance of color gamut is usually assessed by how much of the spectrum 
reflectivity data of the real existence object can be reproduced (Masaoka et al. 2010). 
However, few have been reported on the comparison of color gamut from image preference 
or naturalness point of view. Evaluations using these words are called KANSEI-evaluation. 
“KANSEI” has the meaning called “mental sense of subjectivity” in Japanese. It is a higher 
order function of the human brain. 
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Among the tree primaries of R, G, and B, blue primary is considered to affect most on the 
color tone or color shade of image. Therefore, to investigate the best blue primary for color 
display from KANSEI-evaluation point of view, evaluation experiment was carried out 
using four different blue primaries of 430nm, 450nm, 470nm, and 480nm. 

2. METHOD 

2.1 Test images 
Color distributions of more than 2620 images were analyzed based on our categorical color 
database (Ashiguchi 2009), and 15 color images are selected as the test images from them. 
Each pixel of image is labelled as a certain color category among 14 categories as shown in 
the right-hand side of Figure 1, using the color conversion from (RGB) to (L*a*b*) via 
(XYZ). In the categorical color database proposed by Ashiguchi et al., L*a*b* color space 
is gridded and each grid is labelled with one color among 14 categories. Using this 
categorical color database, all pixels of an image are divided into 14 color categories, and 
then the pixel ratio for each of color categories are calculated. In the next step, the image is 
denoted as one of the 15 groups shown in Table 1, according to the criterion shown in the 
right column of Table 1. Figure 1 shows the example of “blue image” , of which pixel 
ratios are indicated in the right-hand side. 

 

 

Tabe 1 Criterion of the color group of image from pixel ratios of categorical colors 

 

 

 

 

 

 

 

 

Group Criterion Group Criterion

red red > 40% yellow-green yellow + green > 60%

green green > 40% red-blue blue + light blue + red > 60%

blue blue + light blue > 40% pink pink > 40%

yellow yellow> 40% purple purple > 40%

orange orange > 40% multi-colors all color categories < 25%

red-green red + green + orange > 60% monochromatic black + dark gray + gray + light gray

blue-green blue + light blue + green > 60% + white > 80%

yellow-blue blue + light blue + yellow > 60% skin Images of human face and skin
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Figure 1: The image and the analysis data of the image. 

2.2 Experimental environment 
Figure 2 shows the experimental apparatus of two projectors that project images.Test 
images were projected by the 2 projectors, one is for blue signal and the other one is for the 
red and green signals. Interference filters of p = 430nm, 450nm, 470nm, and 480nm were 
inserted in front of the projection lens of the B projector to achieve different blue 
primaries. Projection from two projectors has been neatly matched. White balance of 
different blue primary conditions was set nearly the same chromaticity coordinates by 
inserting proper ND filters in front of the two projectors as well as adjusting the gain 
control. 
chromaticity diagram. Evaluation experiments were carried out with 2 levels of average 
luminance, 60 cd/m2 for 430nm, 450nm, 470nm, and 480nm, and 170 cd/m2 for 450nm, 
470nm, and 480nm. 

Average distance of vision is about 150cm. The size of the presented image is 42 × 58cm, 
visual angle is 16°×22°.  

 

        
Figure 2: Two projectors that project images        Figure 3: Color gamuts of different blue  

primaries. Solid line denotes bt.709. 
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2.3 Experimental Procedure 
Tabel 2 shows 14 adjective pairs used in the experiment. “Unappetizing - Delicious” was 
used only in the images of foods and drinks. These word pairs were chosen from previous 
studies on the assessment of color image quality (Ayama et al. 2010, Kishimoto et al. 
2011). The observer entered the experiment booth, and adapted to a dark environment for 
five minutes. Then test image was presented with one of the 4 or 3 blue primaries. Blue 
primary is changed every five pieces. The observer was instructed to evaluate each test 
image by indicating a score between two bipolar adjectives, on a seven-point scale from -3 
to 3. There was no time limit for observer to see each image and make judgement. Fourteen 
observers participated in the 4 primaries experiments, while 17 observers in the 3 primaries 
experiments. 

Table 2. Adjective pairs used in KANSEI evaluation 

 

3. RESULTS AND DISCUSSION 
Figure 4 shows rating score of each evaluation word pair in the experiment using 4 and 3 
different blue primaries, in the left-hand and right-hand side, respectively. Each point 
denotes the average of all observers  scores. Results of the 4 blue primaries experiment, 
430nm, 450nm, and 470nm blue primaries showed similar performance for each evaluation 
word. 480nm blue primary is a remarkably bad result. Results of the 3 blue primaries 
comparison, 470nm showed the great result than 450nm. 

      
Figure 4: Left: Rating score of each evaluation word pair in the experiment using 4 
different blue primaries. Right: The same figures using 3 different blue primaries. 
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In order to see the effect of different blue primaries more clearly, difference between the 
maximum and the minimum values of the evaluation word pairs were calculated for each 
of the test images. We found that effect of blue primary is relatively clearly indicated in the 
results of the following 5 adjecti “ ” “

” “ ” “ ” “ ” in the 
results of the 4 blue primaries. “ ” changes into “ ark vs Bright” in the 
results the 3 blue primaries. A average scores of these evaluation words were calculated. 

Figure 5 shows average scores of the selected adjective pairs (1,2,7,9, and 10 in Table 2) 
for “purple”, “red-blue”, “blue”, “blue-green”, “yellow-blue”, and “skin” images in the 3 
blue primary experiments. As shown in the figure, 470nm showed the best performance, 
while 480nm showed the worst. Generally, marked difference of evaluation was found in 
the bluish, greenish, and purple images, while no difference was observed in other color 
images such as red, yellow, and pink, etc. 

 
Figure 5: Average results of subjective evaluation of 6 color images in 5 adjective pairs 

(1,2,7,9,and 10 in Table 1) in the 3 blue primary experiment. 

4. CONCLUSIONS 
It was shown that 470nm blue primary showed the best performance for 15 test images in 
the KANSEI evaluation using 13 to 14 adjective pairs in the 3 blue primary experiment. It 
is suggested that the choice of the blue primary in the BT2020 is appropriate from the 
KANSEI-evaluation point of view. 

A serious comment would be given to this study that the test images are chosen from the 
stock photos that are usually optimized in the color gamut of ITU-R BT.709-5 (ITU 2004) 
often called as sRGB. Among the blue primaries used in this study, 470nm is the closest to 
the blue primary of sRGB. If a picture is taken by a color camera with 430nm blue primary, 
the color signals are optimized, and displayed using the same blue primary, then the 
evaluation results of 430nm might be the best.  Relation between the best color gamut from 
KANSEI-evaluation point of view and the selection of blue primary in the steps of taking a 
picture, optimization of color signal, and displaying the image, is the future issue. It is 
worth noting that for the “purple” image, 450nm showed the best performance in the 3 blue 
primary experiment as indicated in Figure 5, and 430nm blue primary showed the best 
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score in the 4 blue primary experiment. This suggests that colors in the display stage is the 
most important for the image assessment from KANSEI-evaluation point of view. 
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ABSTRACT
Evaluation of object surface structure has traditionally involved the assessment of properties 

known as Gloss and Haze. More recently the property of surfaces known as Image Clarity has gained 
major importance because such property can vary while the traditional properties remain constant, 
an  ice er a  e o tica  enomenon e i t  in ot  re ection an  in tran mi ion mo e  e a e 
evolved the design of instruments used to measure the phenomenon by using a narrow, diffraction 
limited optical beam and a CCD array as a detector.  Results are obtained by analysis of the surface 
optical transfer function using Fast Fourier Transforms for computational speed.  

This affords several improvements over previous technology. Analytic features additional to 
those presented previously are available. This allows the assessment of new appearance methods 
and metrics to be assessed in addition to those traditional modalities; such as gloss, haze, orange-
peel, surface texture and image clarity. Further, the measurement time is more rapid then bench top 
instruments allowing for near real-time measurement as well as continuous monitoring of a moving 
plastic sheet or other processes in need of continuous examination. Both short and long wave surface 
phenomena are assessed with equal accuracy. The rapidity of measurements affords a manufacturer the 
opportunity to assess the impact on surface quality of his product by parameters in the manufacturing 
process, and thereby control such parameters. 

Correlation obtained with traditional assessments, such as gloss and haze, and the correlation 
with visual assessments add to previous designs. Both precision and accuracy are improved by the 
present design. The fact that the present design is smaller and lighter than previous ones provides the 
very important property of portability to the instrument. The device is all solid-state.

n  er  i  come rom roce e  t at re ire contro  o  r ace re ectance  or tran mittance  
maintenance of quality, either real or perceived. These will be industries and applications, such as; 
a tomoti e ename  coate  r ace  i a  fi m  g a e  materia  moot ne  a er roce ing  
paper smoothness, painted panels, photographic hard reproduction media photographs, plated surfaces, 
plastics, polished surfaces, printed materials, surface texture and other industries where quality of 
surface structure or the quality aspects of components appearance is important.
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ABSTRACT 
Evaluation of object surface structure traditionally involves the assessment of optical 
properties known as Gloss1 and Haze2. More recently an advanced optical property of 
surfaces, known as Image Clarity, has gained major importance because Image Clarity 
provides an accurate assessment of the optical property of an object, while the traditional 
properties do not. The optical phenomenon of Image Clarity exists in both the reflection 
and transmission modalities for opaque and transparent products. We have evolved the 
design of instruments used to measure this phenomenon by using a narrow, diffraction 
limited optical beam and a CCD array as a detector. Results are obtained by analyzing the 
surface optical transfer function which uses Fast Fourier Transforms3 for computational 
speed. 

This optical surface evaluation technique affords several improvements over previous 
technologies4. This analytical technique allows assessment of the classical appearance 
properties and new appearance methods and metrics. Classically, the traditional appearance 
properties are gloss, haze, orange-peel and image clarity. Further, the measurement time of 
the new instrument is more rapid than bench top instruments allowing for near real-time 
measurement as well as continuous monitoring of moving plastic sheets or other processes 
in need of continuous examination. Both short and long wave surface phenomena are 
assessed with equal accuracy, and both precision and accuracy are improved by the new 
design. The rapidity of measurements affords a manufacturer the opportunity to assess the 
impact on surface quality of the product by controlling parameters in the manufacturing 
process. 

Correlation is obtained with traditional assessments; such as gloss and haze. 
Additionally, the advanced technique correlates with visual product assessments. The fact 
that the new design is smaller and lighter than previous instruments provides the very 
important property of portability and usability to the instrument. The device is the latest in 
solid-state technology, ensuring reliability. 

End users come from processes that require control of the quality of surface reflectance 
or transmittance and maintaining of product quality. These are industries and applications, 
such as; automotive enamels, coated surfaces, displays, films, glasses, material 
                                                 
1  ASTM D 523, Standard Test Method for Specular Gloss, ASTM International, West 
Conshohocken, PA 

2 ASTM D 1003Standard Test Method for Haze and Luminous Transmittance of Transparent 
Plastics, ASTM International, West Conshohocken, PA 

3 http://mathworld.wolfram.com/FastFourierTransform.html 

4 ASTM D5767-95(2012) Standard Test Methods for Instrumental Measurement of Distinctness-
of-Image Gloss of Coating Surfaces, ASTM International, West Conshohocken, PA 
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smoothness, paper processing, paper smoothness, painted panels, photographic hard 
reproduction media photographs, plated surfaces, plastics, polished surfaces, printed 
materials, surface texture and other industries where quality of surface structure or the 
quality aspects of components appearance is important. 

1. INTRODUCTION 
The method and apparatus for detecting certain surface phenomenon, such as, but not 
limited to, gloss, sheen, crazing, blistering, mud-cracking, cratering, haze, fog, orange-
peel, distinctness of image5 and texture of various frequencies is presented. The apparatus 
consists of a collimated beam illuminating the surface to be analyzed. A knife edge, 
commonly referred to as a slanted edge in image analysis, interrupts the reflected beam 
whose local intensities are captured by a Digital Still Camera containing a CCD/CMOS 
array. The images are scanned in the time domain and transformed to frequency domain 
using Fast Fourier Transforms (FFT). Certain frequency patterns prove to be associated 
quantitatively with certain of the mentioned appearance degradation phenomenon. 

2. APPEARANCE MEASUREMENT 
The appearance of an object is attributable to many factors. In this article, we concern 
ourselves with the appearance attributes that are associated with color appearance. The 
attributes of color are lightness, hue and chroma. The attributes of appearance are related to 
the optical surface structure. Gloss is classically used in many industries to evaluate 
surface appearance of an object. However, soon one discovers that gloss does not correlate 
with visual appearance and surfaces with the same gloss have totally different appearances. 
This issue was first addressed by Richard Hunter6 in the 1980’s. Hunter discovered that the 
appearance of an object is related to the spread of a light beam reflected from an object or 
transmitted through an object. Quantifying the spatial deviation of a light beam from a 
perfectly un-deviated beam at various spatial frequencies allows us to see deviations in 
surface structure that are consistent with appearance attributes; such as, gloss, DOI, orange 
peel and other optical imperfections caused by a less than perfect optical surface. 

3. SAMPLE PREPARATION 
The importance of proper sample preparation cannot be over stated. Sample conditioning is 
appropriate and necessary. We condition the sample before sample measurement. This 
typically involves the necessary time for allowing sufficient time for the sample(s) to 
stabilize in the measurement environment. The measurement environment is defined in 
ASTM7, as; condition the test specimens at 23 ± 2°C [73.4 ± 3.6°F] and 50 ± 5 % relative 
humidity, Rh, for not less than 40 hours prior to test, in accordance with Procedure A of 
ASTM Standard Practice D6188 . Samples are prepared in exactly the same manner each 
time they are collected before measurement. 

                                                 
5 ASTM D5767-95(2012) Standard Test Methods for Instrumental Measurement of Distinctness-
of-Image Gloss of Coating Surfaces, ASTM International, West Conshohocken, PA 

6 Hunter Lab, www.hunterlab.com, Model Dorigon II DOI/Haze Meter 

7 ASTM International, West Conshohocken, PA 

8 ASTM Standard Practice D 618.- Procedure A, ASTM International, West Conshohocken, PA 
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7 ASTM International, West Conshohocken, PA 
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4. SELECTING SAMPLES 
Select sample(s) that are representative of the entire batch should be selected for 
appearance measurement. Choose samples that are truly representative of the materials 
collected. For statistical analysis collect samples from various sources or differences in 
location at different times. These are the guidelines that we follow in our selection 
protocol.  

1. The sample must also be representative of production and the attributes that are of 
interest. If samples are non-representative of the batch or are spoiled, damaged, or 
irregular, then the sample measurement may introduce a bias into the colour appearance 
measurement chain.  

2. Choose a sample randomly.  

3. Examine the sample to ensure that it is representative of production. This 
methodology will avoid biasing the results. 

4. Follow the corporate SOP for handling instructions. 

5. If sampling procedures are adequate, a different sample selected from the same 
batch should result in comparable measured values. 

5. APPARATUS 
An illustrative schematic diagram of the apparatus appears in Figure 1. A CCD camera is 
focused on the film surface to be analyzed. A knife edge interrupts the beam reflected from 
the surface under analysis from a collimated light source. The distance between the camera 
and the surface under analysis is slightly variable and under operator control because 
different optical surface phenomena will be found at different focal depths. The pixels of 
the image will be raster scanned across the image of the knife edge and Fast Fourier 
Transform (FFT) used to convert from time (spatial) domain to frequency domain. Certain 
patterns in the frequency domain act as fingerprints for certain characteristic surface 
degradation phenomena.  

 
Figure 1: Schematic diagram of the apparatus 

The variability in measurement angle relative to the sample and the light source allows 
measurements to be made in reflection and transmission and other intermediate angles. 
Other intermediate angles are useful for identifying different surface structures attributable 
to different optical effects.  
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This design implementation uses the slanted edge in accordance with ISO122339 . The 
slanted edge significantly reduces the aliasing that commonly occurs in high density linear 
array detectors. A linear dimensional array is used to compute the discrete derivative along 
the slanted edge. These data are combined to create a one-dimensional edge spread 
function. This over sampling produces an accurate assessment of the spatial frequency 
factor, SFR. Noise produces a bias in the SFR. However, when the data from the array are 
combined this significantly reduces the electronic and optical noise. We also use noise 
smoothing algorithms to reduce the influence of noise to an acceptable limit. 

 
Figure 2: Slanted edge and data 

In addition, certain characteristic patterns emerge from various depths within the 
fractured film itself. Therefore, it is necessary that the camera maintain a narrow focal 
plane and the focal plane is moved to various levels within the fractured film by 
mechanically changing the length of the specimen to camera axis by amounts proportional 
to a fraction of the film’s thickness. This variance accommodates another feature of the 
method that the analysis may be accomplished without resort to variation of relative angles 
between camera, specimen, and the illumination. 

6. METHOD 

6.1 Standardization 
Standardization of the photometric scale is accomplished by scanning a black polished 
glass representing zero (0) followed by scanning a white polished glass, representing full 
scale (100%). 

6.2 Test Scan 
Images are captured using physical and optical conditions identical with those of the 
standardization. Images are scanned along the entire x-axis if the image across the 
specimen perpendicular to the axis of the knife edge. In most cases, a single scan contains 
insufficient data to obtain repeatable results. In this case we form a histogram at each x-
pixel location and combine data from the array. The histographic function is treated as the 
time domain function and submitted to FFT for analysis. The results in the frequency 
domain are then compared to scans of known specimens and experimental conditions.  
Here we show the acquired data and its corresponding modulation Transfer Function as a 
result of applying the image analysis transform. 

                                                 
9 International Organization for Standardization, ISO Central Secretariat, Chemin de Blandonnet 8, 
CP 401, 1214 Vernier, Geneva, Switzerland,  http://www.iso.org/iso/home/store.htm 
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9 International Organization for Standardization, ISO Central Secretariat, Chemin de Blandonnet 8, 
CP 401, 1214 Vernier, Geneva, Switzerland,  http://www.iso.org/iso/home/store.htm 

 

 

 
Figure 3: Line Spread Function and Moduration Transfer Function 

7. RESULTS 
By examining the data and applying algorithms we have minimized the sources or error 

which may introduce a bias into the modulation transfer function.  

The image quality fundamental standards; such as, Orange Peel, Gloss, and other 
surface structural phenomenon, serve as crucial ground-truth information for evaluating 
Image Quality algorithms. Specifically, to quantify how well our Image Quality algorithm 
can predict the fundamental effect values from a particular analysis technique. We evaluate 
the algorithm’s performance in terms of three performance criteria recommended by the 
Video Quality Experts Group (VQEG) [141]10: (1) prediction accuracy, (2) prediction 
monotonicity, and (3) prediction consistency. 

The prediction accuracy will be quantified and evaluated by measuring how well the 
algorithm's predictions correlate with known established standards values and by 
measuring the average error between the algorithm's predictions and those values. The 
Pearson correlation coefficient (PPMCC) and the root-mean-squared error (RMSE) are 
used to evaluate the performance. 

8. CONCLUSIONS 
Our experimental data show that this method of analysis provides increased analytical 
sensitivity, and discrimination and classification of various surface effects. These data in 
turn allow the user to perfect and control their manufacturing process where the 
appearance of high quality surfaces is important. 
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ABSTRACT
During the last few decades, there has been a rapid growth of special-effect performance due to 

the development of effect inks and post-processing technologies. The special effects include metallic 
and pearlescent coating technologies, generated by using metallic and pearlescent inks. Because the 
appearances on the material surfaces could vary with the direction of illumination and viewing, the 
m ti ang e ectro otometer i  e  in t e antification o  ang e e en ent co or a earance  in 
this study. 

The purpose of this study is to examine the relationship among different ink, color appearance, 
texture change, illumination type and viewing angle conditions. In this study, color samples 
of pearlescent and metallic color printed with different inks are measured using multi-angle 
spectrophotometer under different illuminating/ viewing geometries. Under directional illumination, 
the color appearance including CIE colorimetric values and the other appearance parameters including 
sparkle grade are assessed at given angles and from the normal direction. Under diffused illumination, 
the appearance parameter of graininess is evaluated from the normal direction. For this experiment, 
total eight metallic, eight pearlescent and eight solid color samples were prepared. Colors of samples 
included red, orange, yellow, green, blue, violet, light grey and dark grey. Also, considering gloss as 
a specific appearance attribute, two degrees of gloss in the samples so called semi-matte and gloss 
samples were prepared. 

The measurement results showed that lightness of samples becomes larger with receiving angle 
accordingly up to specular direction. The lightness change is dramatic in pearlescent and metallic 
co or  n ca e o  ear e cent co or  c roma c ange it  recei ing ang e i  ignificant an  ecome 
ma er a  recei ing ang e ecome arger ee ig re  n t e ot er an  t e meta ic a e  ma e 

the samples sparkle and look somewhat grainy. The solid inks have no sparkle effect except the color 
effects. In addition, the main impact of the gloss surface was the lightness value close to the aspecular 
angle of -15°, 15°. The lightness value of the semi-matte surface was higher than the gloss one, and 
the chroma value of the semi-matte surface was lower than the gloss one (see Figure 2). The complete 
results will be reported in the full paper.
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S R C  
Many industrial products and packages use metallic or pearlescent inks to produce 

special effects. owever, there is little specific comparison on special-effect inks and 
traditional inks to signal their feature difference. sing RAL color charts as examples, this 
paper provides three types of ink materials (solid, pearlescent and metallic colors) to 
discuss their appearances under varying illumination types and measurement geometries. 
The viewing angle-dependent color samples are measured using multi-angle 
spectrophotometer under different illuminating and measurement geometries. In addition, 
solid color samples with two levels of gloss coatings are also measured to analyze their 
color appearances. 

. IN RO UC ION 
During the last few decades, there has been a rapid growth of special-effect 

performances due to the development of effect inks and post-processing technologies. The 
special effects generated by using metallic and pearlescent inks allow the creations of 
different fantastic optical effects. For examples, traditional inks only produce selective 
absorption and scattering, which show monotone color perception, and uniform appearance 
effect with independent observation angle, so called solid color. On the other hand, 
pearlescent inks can create special interference effect because they are composed of multi-
layer structure, i.e., high refractive metal oxides coated low refractive mica flakes, leading 
to color change with different observation angles. Furthermore, metallic inks are usually 
generated by shinny and thin metal flakes, which tend to lie parallel to the surface and 
create highly specular reflection (Figure 1). Their appearances could vary with the 
illumination geometries and viewing conditions1-3. Because color appearances of ink 
materials with effect coating could vary with the viewing geometries and illumination 
geometries, the use of multi-angle spectrophotometer is necessary in the quantification of 
angle-dependent color appearances.  

 
 

Figure 1: Optical effects of solid, pearlescent and metallic inks 
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In addition, it is well known that gloss coating has a notable effect on surface 
appearance. The spike of specular lobe reflection locates in the specular angle region, 
where the lightness and chroma extremely change. The shape of specular spike is lower 
and broader in matte materials than in glossy one. Matte surface appears higher lightness 
and lower chroma than the corresponding glossy surface4. Recent researches have explored 
the characteristics of special color appearance, and the surface appearance issues related to 
illumination and viewing conditions also pay more attentions1-2. Our ob ective in this study 
is to measure appearances of different ink materials and different gloss levels through 
multi-angle spectrophotometer. 

. E O  
The method to carry out this study was using multi-angle spectrophotometer, BYK-

mac instrument from BYK Gardner (Figure 2), which can ob ectively measure total 
appearance under different viewing angles and lighting conditions. The lighting conditions 
include directional illumination and diffused illumination. nder directional illumination, 
color appearance including CIELAB values is assessed at given 45° lighting angle and 
viewing under six aspecular angles -15°/ 15°/ 25°/ 45°/ 75°/ 110°. The aspecular angle is 
the viewing angle measured from the direct specular direction. Positive angle means in 
direction towards incident illumination, negative angle means away from incident 
illumination (Figure 3). Besides, sparkle grade is assessed under directional incidence 
angle 15°/ 45°/ 75° and observed from the normal direction. nder diffused illumination, 
graininess is evaluated from the normal direction5 (Figure 4). 

 
Figure 2: BYK-mac 

instrument
Figure 3: Color measurement 

geometry
Figure 4: Effect measurement 

geometry

.  E   
In order to investigate the appearances of different ink materials and gloss levels in the 

particular illuminating conditions and viewing geometries, we measured a series of 
samples using a multi-angle spectrophotometer, BYK-mac. CIELAB values and the effect 
parameters including sparkle grade and graininess were analyzed. This study consisted of 
two experiments, Experiment 1 (Exp-1) of which was intended to elicit the appearance of 
three type of ink materials including solid, pearlescent and metallic effects varied with 
different lighting and measurement geometric conditions. Experiment 2 (Exp-2) focused 
on color changes of solid colors regarding two levels of gloss impressions, gloss and semi-
matte (Figure 5).  
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Figure 5: Experimental schematic 

.  S   
For Exp-1, total eight solid, eight pearlescent and eight metallic color samples were 

prepared. Colors of samples included red, orange, yellow, green, blue, violet, light grey 
and dark grey. For Exp-2, considering gloss as a specific appearance attribute, two levels 
of gloss in the solid color samples so called semi-matte and gloss samples were prepared. 
The solid color samples with gloss used in Exp-2 are the same as Exp-1. All color samples 
were chosen from the RAL color system. Solid and pearlescent colors were chosen from 
the RAL CLASSIC K5 collection, and metallic colors were chosen form RAL EFFECT E4 
collection. The list of test samples is showed in Table 1. 

Table 1: The list of color samples 

 

. RESUL S N  ISCUSSION 

E     I   
The a b  loci for eight color samples with three ink materials (solid, pearlescent and 

metallic colors) in a b  color plane are illustrated in Figures 5(a) through 5(c). For solid 
colors, the measured color values of aspecular viewing angle -15° are close to the a b  
center. With the aspecular angle increases, a  and b  values increase. In case of pearlescent 
colors, chroma changes with measuring angle are significant and become greyish as 
measuring angle become larger. No significant trend was uncovered in metallic color 
samples. 
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The L C  loci for eight color samples of three ink materials in L C  color plane are 
illustrated in Figures 5(d) through 5(f). The measurement results showed that lightness (L ) 
of all samples becomes larger with measuring angle accordingly up to specular direction. 
The lightness change is dramatic in pearlescent and metallic colors. In case of solid color 
samples, chroma changes with measuring angle are significant and become larger as 
measuring angle become larger. In contrast, chroma changes in pearlescent color samples 
with measuring angle are significant and become smaller as measuring angle become 
larger.  

On the other hand, the measured effect parameters of sparkle grade and graininess  are 
showed in Figure 6. The solid color samples have little sparkle effect because they are 
made by traditional solid inks. The pearlescent colors and metallic colors are made by 
metallic flakes which enable to generate grainy shining effects. In particular, the metallic 
samples appear with larger flake size, are more significant in the sparkle and graininess 
effects. 

 
Figure 5: The LAB color values of three different ink colors (in a*b*/ L*C* planes) 
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Figure 6: The effect parameters of three different ink colors 

E   S  C   R   L  
The a b  loci of eight solid color samples with two levels of gloss (gloss and semi-

matte) in a b  plane are illustrated in Figure 7. For semi-matte colors, the measured color 
values of aspecular angle -15° and 15° are closer to the a b  center than the glossy colors. 
Far from the specular region, the measured color values of gloss samples and semi-matte 
samples are rather identical. The L C  loci of the solid color samples with two levels of 
gloss are illustrated in Figure 8. As expected, the main impact of gloss coating was the 
lightness value close to the aspecular angle of -15°, 15°. The lightness value of the semi-
matte surface was higher than the gloss one, while the chroma value of the semi-matte 
surface was lower than the gloss one.  

 
Figure 7: The a*b* plots of two surface processing 

 
Figure 8: The L*C* plots of two surface processing 
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4. CONCLUSIONS 
The viewing angle-dependent color samples with solid, pearlescent and metallic 

colors are measured using multi-angle spectrophotometer under different illuminating and 
measurement geometries. In addition, the solid color samples with 2 levels of gloss 
coatings are also measured to analyze their color appearances. The analysises in this paper 
are performed using a multi-angle spectrophotometer to obtain CIELAB color values and 
the effect parameters (sparkle grade and graininess). Experimental evaluation results show 
color appearances of three type ink materials (solid, pearlescent and metallic colors) are 
quite different. Besides, the main impact of gloss coating is the lightness value close to the 
aspecular angle of -15°, 15°. From the comparison of solid color samples between gloss 
type and semi-matte type, semi-matte surface appears higher lightness and lower chroma 
than glossy one. Our current implementation uses RAL color charts, but the development 
of special-effect inks technology is diversity. Our future work is to implement more ink 
materials to realize more multi-angle color performance of special-effect inks. 
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ABSTRACT
Digital imaging of common scenes can be a very challenging task if the scene radiances present 

a high dynamic range (HDR). HDR imaging techniques are applied to overcome this issue. The most 
popular technique, which is valid to be used with any consumer or professional digital camera, is based 
in the combination of differently exposed low dynamic range (LDR) images. However there is a lack 
of a robust method for determining either the amount of LDR pictures needed, or their exposure time 
settings, without any prior knowledge of scene content. We propose a novel method for estimating the 
set of exposure times (bracketing set) needed to capture the full dynamic range of a scene with HDR 
content. The proposed method is adaptive to scene content because the bracketing sets adapt to cover 
the dynamic range of each singular scene being captured. It is also adaptive to any camera response 
and camera configuration, because we only need to calculate the camera response function (CRF) 
o  o r camera in t e ca t ring mo e or config ration it i  or ing on ra  eg  etc  r met o  
works on-line, since the exposure times are estimated as the capturing process is ongoing. Therefore, 
it requires no a-priori information about scene content or radiance values present on the scene. The 
resulting bracketing sets are minimal for the scene being captured, as contiguous exposure times have 
certain overlap to avoid gaps in the dynamic range which are not properly captured, but this overlap 
is minimum. The user can set a tolerance for the maximum percentage of pixel population that is 
underexposed or saturated. This method is based in the use of the CRF, which is needed for building 
the HDR radiance map by stitching together several, differently exposed, LDR images of the scene.

The use of HDR imaging techniques, converts our digital camera in a tool for measuring the 
relative radiance outgoing from each point of the scene, and for each color channel. We can use this 
method separately for each color channel, in case our imaging system has independent exposure 
settings for different channels. This method can thus also be used for multispectral imaging systems. 

e a e com are  o r met o  it  t e mo t com ete an  e ficient  rac eting et e timation 
algorithm developed so far to our knowledge (Barakat et al. 2008). Preliminary results suggest that 
our proposed method equals or outperforms the previously developed best approach, with smaller 
bracketing sets found (lower number of shots and shorter exposure times), asserting the advantage of 
being adaptive to scene content for exposure time estimation.

HDR imaging – Automatic Exposure Time Estimation
A novel approach

Miguel A. MARTÍNEZ,1 Eva M. VALERO,1  Javier HERNÁNDEZ-ANDRÉS,1 Javier
ROMERO,1

1 Color Imaging Laboratory, University of Granada, Spain.

ABSTRACT

Digital imaging of common scenes can be a very challenging task if the scene radiances
present a high dynamic range (HDR). HDR imaging techniques are applied to overcome this
issue. The most popular technique is based in the combination of differently exposed low
dynamic range (LDR) images. However there is a lack of a robust method for determining
either the amount of LDR pictures needed, or  their exposure time settings, without  any
prior knowledge of scene content. In a recent publication, we proposed a novel method for
estimating the set of exposure times (bracketing set)  needed to  capture the full dynamic
range of HDR scenes including daylight skies.  Now we extend the applicability of this
method to any imaging system or application (scientific, industrial or artistic). The proposed
method is adaptive to scene content and to any camera response and camera configuration
(raw, jpeg, etc). Our method works on-line, since the exposure times are estimated as the
capturing process is ongoing. Therefore,  it requires no a-priori information about  scene
content. The resulting bracketing sets are minimal for the scene being captured. The user
can set a tolerance for the maximum percentage of pixel population that is underexposed or
saturated.  We can use  this  method separately for  each color  or  spectral  channel.  This
method can thus also be used for multispectral imaging systems.

1. INTRODUCTION

The use of HDR imaging techniques converts our digital camera in a tool for measuring the
relative radiance outgoing from each point of the scene, and for each color channel. This
final HDR image is called HDR radiance map. In order to generate it, we need to know the
relationship between camera response values and relative irradiance impinging on the sensor
(which  is  proportional  to  the  radiance  outgoing  from the  scene).  This  relationship  is
represented by the camera response function (CRF), which is easily calculated as proposed
by Debevec and Malik (2008).

Merging different low dynamic range (LDR) images into a HDR radiance map using the
CRF, is a very well known technique widely used in many imaging fields from photography
to scientific or industrial applications. However, when the captures take place, there is no
method that allows us to determine either how many LDR shots are going to be needed or
what  exposure  times to  be used,  without  having any prior  knowledge  of  the  radiance
content of the scene being captured. Authors care the most about optimizing the signal to
noise ratio (SNR) of the resulting HDR radiance map, rather than controlling the number of
shots and the final total exposure time. For this purpose, they assume known information
about scene content before starting the capturing process, like known illuminant or radiance
levels, or they assume a camera with linear CRF (Granados et al. (2010), Hirakawa and
Wolfe (2010),  Gallo et  al. (2012)).  Their bracketing set  selection is based in finding an
intermediate exposure time, and increasing and decreasing it for the contiguous shots a
fixed number of stops (Stunpfel et al. (2004), Bilcu et al. (2008)). Other authors capture a
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large number of exposures, and afterwards select which ones to  use for an optimal SNR
reconstruction (Hassinoff et  al. (2010),  Gallo et  al. (2012)).  Only Barakat  et  al. (2008),
proposed a method for finding minimum bracketing sets for any given camera. They studied
the radiance ranges covered by their camera using every exposure time setting available on
it. Afterwards, they selected only those exposure times that covered the full dynamic range
of the camera with some overlap, eliminating redundant shots that  do not  add any new
radiance range to the final  HDR image. To make this method adaptive to scene content,
they included a  stopping condition  if they found  no  underexposed  or  saturated  pixels
respectively. This way they are limiting their capturing possibilities to usually 4 or  possible
exposure times, and they do not control the SNR of the resulting HDR radiance map.

In this work we extend the applicability of the proposed method from natural scenes with
daylight skies to any general or particular HDR imaging application. Numerical results of a
different  set  of  HDR  radiance  maps  generated  for  daylight  outdoors  scenes,  and  a
comparison with the method proposed by Barakat et al. (2008), are shown and explained in
Mart nez et al. (201 ). Here we captured a set of 24 HDR scenes including both outdoors
(with and without sky) and also indoors scenes, and also both in very bright and very dim
lightning conditions.

We aimed for a method that can be used for any camera, whether it is linear or not. We
wanted it to be adaptive to scene content and also to work on-line, as the capturing process
is ongoing, without the need of being fed with any information about the scene. We also
wanted the method to be tunable. The default configuration is to find a minimum bracketing
set for the given camera and scene. However this would also mean reduced SNR compared
to captures with larger number of shots and longer exposure times. Therefore, the user can
tune  the  balance  between  shorter  captures  or  higher  SNR levels.  We also  included  a
parameter to bound the radiance range to be captured if we are not interested in recovering
the full dynamic range, neglecting the extreme low or high radiances present in the scene
(deep shadows or brilliant highlights).

We compared the SNR performance of our method, using  different tunning conditions
(AEE-A to AEE-E), against the best SNR case that our camera can achieve. The latest case
is called the ground truth  (GT),  and it is an HDR radiance map generated using every
available exposure time that our camera offers (optimal SNR case).

. ETHOD

We present  here  the  results  obtained using a  consumer camera  model Canon EOS D
working in sRGB jpeg mode (non linear). Nonetheless, the method was successfully tested
as well in two linear scientific cameras (monochrome Retiga 1 00 and RGB Retiga 1 00C
working in raw mode), yielding similar results as the ones presented here (Mart nez et al.
(201 )).

Our Canon camera was driven from a laptop computer  via USB interface. The method
proposed was implemented using Matlab and worked on-line. For the generation of GT
images we just captured all  available exposure times in the camera.

Our method uses an initial shot as starting point. It can be any exposure time, as long as the
resulting LDR image has some useful pixels (neither underexposed nor saturated). A good
initial exposure time is the one implemented in the auto-exposure setting of most consumer
cameras.  If  the  camera  used  does  not  implement  this  function,  then  any intermediate
exposure time would work good.
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large number of exposures, and afterwards select which ones to  use for an optimal SNR
reconstruction (Hassinoff et  al. (2010),  Gallo et  al. (2012)).  Only Barakat  et  al. (2008),
proposed a method for finding minimum bracketing sets for any given camera. They studied
the radiance ranges covered by their camera using every exposure time setting available on
it. Afterwards, they selected only those exposure times that covered the full dynamic range
of the camera with some overlap, eliminating redundant shots that  do not  add any new
radiance range to the final  HDR image. To make this method adaptive to scene content,
they included a  stopping condition  if they found  no  underexposed  or  saturated  pixels
respectively. This way they are limiting their capturing possibilities to usually 4 or  possible
exposure times, and they do not control the SNR of the resulting HDR radiance map.

In this work we extend the applicability of the proposed method from natural scenes with
daylight skies to any general or particular HDR imaging application. Numerical results of a
different  set  of  HDR  radiance  maps  generated  for  daylight  outdoors  scenes,  and  a
comparison with the method proposed by Barakat et al. (2008), are shown and explained in
Mart nez et al. (201 ). Here we captured a set of 24 HDR scenes including both outdoors
(with and without sky) and also indoors scenes, and also both in very bright and very dim
lightning conditions.

We aimed for a method that can be used for any camera, whether it is linear or not. We
wanted it to be adaptive to scene content and also to work on-line, as the capturing process
is ongoing, without the need of being fed with any information about the scene. We also
wanted the method to be tunable. The default configuration is to find a minimum bracketing
set for the given camera and scene. However this would also mean reduced SNR compared
to captures with larger number of shots and longer exposure times. Therefore, the user can
tune  the  balance  between  shorter  captures  or  higher  SNR levels.  We also  included  a
parameter to bound the radiance range to be captured if we are not interested in recovering
the full dynamic range, neglecting the extreme low or high radiances present in the scene
(deep shadows or brilliant highlights).

We compared the SNR performance of our method, using  different tunning conditions
(AEE-A to AEE-E), against the best SNR case that our camera can achieve. The latest case
is called the ground truth  (GT),  and it is an HDR radiance map generated using every
available exposure time that our camera offers (optimal SNR case).

. ETHOD

We present  here  the  results  obtained using a  consumer camera  model Canon EOS D
working in sRGB jpeg mode (non linear). Nonetheless, the method was successfully tested
as well in two linear scientific cameras (monochrome Retiga 1 00 and RGB Retiga 1 00C
working in raw mode), yielding similar results as the ones presented here (Mart nez et al.
(201 )).

Our Canon camera was driven from a laptop computer  via USB interface. The method
proposed was implemented using Matlab and worked on-line. For the generation of GT
images we just captured all  available exposure times in the camera.

Our method uses an initial shot as starting point. It can be any exposure time, as long as the
resulting LDR image has some useful pixels (neither underexposed nor saturated). A good
initial exposure time is the one implemented in the auto-exposure setting of most consumer
cameras.  If  the  camera  used  does  not  implement  this  function,  then  any intermediate
exposure time would work good.

Once this image is captured, we calculate its cumulative histogram. This cue will give us
information of the pixel populations which were correctly exposed in this first shot.  The
idea of using cumulative histograms to control sensor responses to pixel populations in the
scene was taken from Grossberg and Nayar (2002), who originally used it to select pixel
populations for CRF estimation. 

We will consider at  this point two  sensor response levels  low (Lo)  and high (Hi). Our
algorithm will consider  underexposed  any sensor  response  that  is below Lo  level,  and
saturated whatever is above Hi level. This way, the user can tune the method. If Lo and Hi
levels are set very close to  the extreme sensor response values (say 0 and 2  for 8 bits
data),  the overlap between consecutive shots  will be minimal, yielding thus a minimum
bracketing set  as output.  If otherwise the Lo and Hi levels are selected far from these
extremes, then the redundancy between consecutive shots will increase and the SNR of the
resulting HDR radiance map will be higher at  the  cost  of more shots  and longer  total
exposure time.

So if thanks to the cumulative histogram of the image, we know the sensor responses at the
Lo and Hi limits (DCLo and DCHi), and we also know the CRF, and the exposure time used
( T0), we can determine the relative irradiance values (ELo and EHi) for the areas of the
image which lie just in the limits of the correct exposure, as shown in equation 1

 (1)

Now the aim is to find new exposure times, that shift the sensor responses corresponding to
these irradiance values, to the opposite limit (Lo or Hi) that they were found in. For this
purpose now we determine that  the new longer and shorter  exposure times ( Tlonger and

Tshorter), are calculated as shown in equation 2

 (2)

When the new exposure times are estimated, the algorithm will order to  the camera, to
acquire new pictures using them. For the new LDR images captured, the same procedure
will be followed to  find longer  and or  shorter  exposure  times if needed.  The stopping
condition for this process would be to check in the cumulative histograms of the new LDR
images captured, if the pixel population above Hi level or below Lo level is below some
threshold percentage set by the user (zero for full range). 

. RESU TS AND DISCUSSION

We captured a set of 24 indoors and outdoors HDR scenes using our  method. In every
scene captured, the full dynamic range was recovered successfully, except for the case of
direct sunlight, like figure 1. We see all its LDR exposures and the tone-mapped version of
its HDR radiance map generated. We can also see the cumulative histograms of each LDR
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image. In figure 2, some other HDR tone-mapped radiance maps are shown, corresponding
to outdoors and indoors scenes where the irradiance levels were lower than daylight skies .

In  order  to  study the  SNR  performance  of  the  proposed  method  for  different  tuning
conditions, we created a controlled illumination indoors scene to avoid illumination changes
during the experiment. This is important because during the whole capturing process we
need no changes in the radiance conditions coming from the scene to happen. This is a key
factor to  consider the irradiance on the sensor as a constant and not as a variable. With
natural illumination this radiance stability is not  controllable. We generated  sets of 10
HDR radiance maps.  of them were generated using our  method with different tuning
conditions (AEE from A to E). The other one was generated using all available exposure
times in the camera (GT). 

Figure 1: LD  images and histograms, and tone-mapped D  radiance map.

able 1. Numerical results of SN  study.

Condition Lo level Hi level  of shots T (s) SNR (dB) std(SNR)

AEE A 2 2 8. 1 2 .82 2.42

AEE B 2 0 21. 1 2 .81 2. 4

AEE C 10 24 0.2 04 2 . 2 . 8

AEE D 0 22 4 0.2 2 28.14 .4

AEE E 200 1.4 8 28. 4.

GT 1 1.4 08 1. 8 . 2

Numerical results are shown in table 1. We can see the total number of shots, total exposure
time, average SNR and standard deviation of SNR and the Lo and Hi levels tuned.

As we can see, the minimum bracketing set achieved to recover the full dynamic range of
the scene happened when setting the Lo and Hi levels close to the 8 bits sensor responses
extremes. As we move these levels further from the extremes of the range, the number of
shots  and or  the  total  exposure  time increase,  and  so  does  the  average  SNR.  This  is
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during the experiment. This is important because during the whole capturing process we
need no changes in the radiance conditions coming from the scene to happen. This is a key
factor to  consider the irradiance on the sensor as a constant and not as a variable. With
natural illumination this radiance stability is not  controllable. We generated  sets of 10
HDR radiance maps.  of them were generated using our  method with different tuning
conditions (AEE from A to E). The other one was generated using all available exposure
times in the camera (GT). 

Figure 1: LD  images and histograms, and tone-mapped D  radiance map.

able 1. Numerical results of SN  study.

Condition Lo level Hi level  of shots T (s) SNR (dB) std(SNR)

AEE A 2 2 8. 1 2 .82 2.42

AEE B 2 0 21. 1 2 .81 2. 4

AEE C 10 24 0.2 04 2 . 2 . 8

AEE D 0 22 4 0.2 2 28.14 .4

AEE E 200 1.4 8 28. 4.
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Numerical results are shown in table 1. We can see the total number of shots, total exposure
time, average SNR and standard deviation of SNR and the Lo and Hi levels tuned.

As we can see, the minimum bracketing set achieved to recover the full dynamic range of
the scene happened when setting the Lo and Hi levels close to the 8 bits sensor responses
extremes. As we move these levels further from the extremes of the range, the number of
shots  and or  the  total  exposure  time increase,  and  so  does  the  average  SNR.  This  is

expected as for longer exposure times the signal is higher as well as because higher number
of shots means to average more LDR images thus reducing the noise to a lower level.

In figure  we can see the HDR radiance map of the HDR indoors scene generated, as well
as the SNR histograms of each of the tuning conditions tested.

Figure : one-mapped D  radiance maps of outdoors and indoors scenes.

These results prove the ability of the proposed method to recover full range HDR radiance
maps for any lightning condition, finding minimal bracketing sets, as well as the ability to
control the balance between total exposure time (number of shots) and SNR. Therefore, for
each application, the user can decide if faster acquisitions are more important  or  higher
SNR are key factor, sacrificing  capture speed.

Figure : SN  histograms and tone-mapped D  radiance map of indoors scene.

. CONC USION

We have  extended  the  applicability of  a  recently proposed  method  for  estimating  the
bracketing set needed for a HDR radiance map capture via multiple LDR exposures. Our
method adapts to  any camera whatever camera response function has, as well as to  any
scene content. There is no need to know any information about scene content prior to the
capture. Only a first exposure of the scene where some pixels are neither underexposed nor
saturated is sufficient. We have captured several HDR scenes and in all of them the full
dynamic range was covered except for direct sunlight.

We have also tested the ability of our method to be tuned in order to  increase the SNR
performance, at the cost of increasing also the total exposure time. We have seen how the
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more shots the method adds to the capture, the more similar the SNR performance is with
the optimal one achievable by the camera.

The proposed method is therefore suitable for HDR imaging in any application, artistic,
industrial or scientific, independently of the number of spectral channels or camera response
function that the imaging system has.
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ABSTRACT
Green visibility ratio is one of the important indices for urban environment assessment. The 

green i i i it  ratio i  efine  a  t e ratio o  egetation green in an image  e green area i  a  
detected manually. There is a product for automatic green visibility ratio measurement, which 
mea re t e green i i i it  ratio ing co or in ormation on  Some artificia  green o ect  c  a  
advertisement boards or signboards, often exist in the urban scene. Therefore, the discrimination of the 
vegetation green from other green objects is required for automatic green visibility ratio measurement. 

This paper presents a real-time green visibility ratio measurement method by detecting 
vegetation green from images captured by a USB camera. This method is based on color and texture 
ana i  rtificia  green area  a e anar r ace  in genera  i e nat ra  egetation green area  
have three-dimensional shapes by leaves. Therefore, artificial green areas have few color values or 
moderate color variation, while the vegetation green area includes large brightness changes caused 
by the shade of leaves. Our method defines the vegetation green area as the green color area with 
rig tne  ct ation

e ro o e  met o  etect  t e rig tne  ariation   ing t e So e  e ge etection fi ter  
The detection of the vegetation green area is done by the following steps: 1) image capture by a USB 
camera; 2) green color detection from the captured image by the ratio of the R and G values to the 

m o    an   a e   etection o  e ge  a  rig tne  c ange   So e  fi ter   etection 
and binarization of vegetation green pixels by AND operation between green color pixels and large 
edge pixels; 6)  recursive dilation and erosion operation for closing holes in the vegetation green area; 
7) calculation of the ratio of the number of pixels in the vegetation area to that of all the pixels in the 
image; and 8) display of the green visibility ratio on the captured image.

We conducted experiments with images including trees and artificial green objects. The 
experimental results show correctly detected tree areas and good feasibility of the proposed method.

Real-time Green Visibility Ratio Measurement 
Motonori DOI 1, Akira KIMACHI 2, Shogo NISHI 2

1 Department of Telecommunications and Computer Networks,
Osaka Electro-Communication University

2 Department of Engineering Informatics, Osaka Electro-Communication University

ABSTRACT
The green visibility ratio is one of the important indices for urban environment 
assessment. The green visibility ratio is defined as the ratio of vegetation green in an 
image. The green area is usually detected manually. There is a product for automatic green 
visibility ratio measurement, which measure the green visibility ratio using color 
information only. Some artificial green objects often exist in the urban scene. Therefore, 
the discrimination of the vegetation green from other green objects is required for 
automatic green visibility ratio measurement. This paper presents a new method for the 
detection of vegetation green area based on the brightness changes in vegetation area. The 
experimental results showed the feasibility of the proposed method. We implemented a
prototype system of the real-time green visibility ratio measurement by using the proposed
method.

1. INTRODUCTION
There are some indices for urban environment assessment, such as the green plot ratio
(Ong 2003) or the green visibility ratio (Ohki 2009). The green visibility ratio (GVR) is 
often used by Japanese local governments. The GVR is defined as the ratio of vegetation 
green in an image. The green area is usually detected manually. There is a product for 
automatic GVR measurement (Takizawa 2013), which measures the GVR using color 
information only. Some artificial green objects often exist in the urban scene. Therefore, 
the discrimination of the vegetation green from other green objects is required for 
automatic GVR measurement. 

This paper presents a method for vegetation green area detection and a real-time GVR 
measurement system by using the proposed method. The vegetation green detection 
method is based on the analysis of color and image texture. 

2. VEGETATION GREEN VS. NON-VEGETATION GREEN 
Vegetation green and non-vegetation green have different characteristics in images. 
Natural vegetation green is defined as green colors observed in leaves of trees and grasses. 
Leaves are interlaced and have shades and shadows. Vegetation green areas exhibit large 
brightness changes caused by the shades of leaves, as shown in a sample scene in Figure 1, 
which contains bamboo leaves and a green chalkboard. These brightness changes in green 
areas allow humans to correctly identify vegetation areas.

In contrast, non-vegetation green areas arise from artificial green objects such as 
signboards, in an outdoor natural scene. These green areas usually exhibit uniform color or 
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only small color variation. For example, the chalkboard in Figure 1 is recognized as a 
uniform surface with a certain color.

3. IMAGE PROCESSING FOR DETECTING BRIGHTNESS CHANGE 
We define the vegetation green area as a green color area that undergoes frequent 
brightness changes. A simple, but effective, image processing technique for detecting
brightness changes is edge detection because in image processing edges are defined as a 
local structure with large brightness changes and thus often related to object contours. The 
result of edge detection for the image in Figure 1 is shown in Figure 2, which represents the 
intensity of edges in  grayness. The area of bamboo leaves produces many edges, whereas
the chalkboard yields few edges associated with letters and attached sheets.

Edges are detected by differential operators in general. The most popular differential
filter is the Sobel filter, which consists of two operators for detecting vertical and 
horizontal edges. Figure 3 shows these operators with the size of 3 pixels square. In the 

Figure 1: A picture containing vegetation green (bamboo leaves) and non-vegetation green
(a green chalkboard).

Figure 2: Edges extracted from Figure 1, with gray values denoting edge intensities.
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1 0 -1

1 2 1
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(a) Vertical edge filter (b) Horizontal edge filter

Figure 3: Sobel edge filters.
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case of vertical edge detection, the differential in pixel values between the leftmost and the 
rightmost pixels in the 3x3 neighborhood of a target pixel is calculated. In general, the 
outputs of vertical and horizontal edge detection are combined.

4. AUTOMATIC DETECTION OF VEGETATION AREA
We propose a method for detecting vegetation areas by edge detection and subsequent 
image processing. The scheme of the method is shown in Figure 4. 

First of all, the image of a scene is captured. Then, from the captured image, green color 
pixels are detected as those with a high G ratio and low R and B ratios to the sum of R, G 
and B values of the pixel. Meanwhile, edge pixels are detected with the Sobel filters for the 
G channel of the image, and assigned a flag 1 . The vegetation green pixels are then 
detected by AND operation between the green color pixel and the flag of edge pixels. Next, 
the vegetation green pixels are binarized. The vegetation area has some holes by non-
uniformity of the texture. Therefore, recursive dilation and erosion operation is done for 
closing holes in the vegetation green area. Finally, the ratio of the number of pixels in the 
vegetation area to those of all pixels in the image is calculated.

5. EXPERIMENTS
We conducted experiments for evaluating the effectiveness of the proposed method. We 
took several pictures containing trees and artificial green objects in urban scenes as shown 
in Figure 5. The size of these images was 816 x 612 pixels. The vegetation areas were 
detected from these images. 

Figure 6 shows the green color areas in Figure 5, that was determined by the ratios of 
R,G and B. When a pixel had the ratios of R and B larger than 0.4 and that of G smaller 
than 0.35, it was regarded as a non-green color pixel. Moreover, the green colors close to

Figure 4: Scheme of vegetation green area detection.

Input image 

Green color detection Edge detection 

AND operation 

Binarization 

Dilation and erosion 

Counting detected pixels 

Green visibility ratio 
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white or black were also regarded as non-green. In Figure 6, non-green color pixels are 
painted in white. Detected green color areas in both images contain both vegetation green 
and artificial green. In this experiment, we used a simple color detection procedure. Even if 
we use more complicated color detection method, the detected vegetation green area will 
contain artificial green in some cases.

The results of the vegetation detection are shown in Figure 7, which depicts the 
vegetation areas as white. Successive operations of three dilations, six erosions and three 
dilations were applied for closing holes. These result images show that the proposed 
method detects correct vegetation areas of trees and leaves from the complicated scene.

(a) (b)

Figure 5: Pictures for evaluation

(a) (b)

Figure 6: Green color areas detected from pictures in Figure 5.

(a) (b)

Figure 7: Results of vegetation area detection for pictures in Figure 5.
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white or black were also regarded as non-green. In Figure 6, non-green color pixels are 
painted in white. Detected green color areas in both images contain both vegetation green 
and artificial green. In this experiment, we used a simple color detection procedure. Even if 
we use more complicated color detection method, the detected vegetation green area will 
contain artificial green in some cases.

The results of the vegetation detection are shown in Figure 7, which depicts the 
vegetation areas as white. Successive operations of three dilations, six erosions and three 
dilations were applied for closing holes. These result images show that the proposed 
method detects correct vegetation areas of trees and leaves from the complicated scene.

(a) (b)

Figure 5: Pictures for evaluation

(a) (b)

Figure 6: Green color areas detected from pictures in Figure 5.

(a) (b)

Figure 7: Results of vegetation area detection for pictures in Figure 5.

Artificial green objects, which also appeared in the image, are nearly completely
eliminated, though some part of object contours are wrongly detected. The GVRs were 
41.3% for Figure 7 (a) and 24.0% for Figure 7 (b).

6. IMPREMENTATION 
We implemented a prototype system for real-time GVR measurement by the proposed 
method. The system consists of a laptop computer (Mouse Computer W170HN, CPU: Intel 
Core i5-2450M 2.50GHz, Memory: 8GB) and a USB camera (Logicool HD Pro Webcam 
C920). The size of the input images was VGA (640 x 480 pixels). We developed the 
system by using Microsoft Visual Studio 2010 and the Open CV library, which is an open 
source library for computer vision programming. 

Figure 8 shows a part of the PC monitor image during real-time processing. The left 
window shows the input image and the right shows the detected vegetation area and its 
GVR, 21.9% in this scene. The frame rate was about 5 fps.

7. CONCLUSIONS
This paper has proposed a method for vegetation green area detection from complicated 
scenes consisting of leaves and artificial green objects. The method detects green color 
areas with brightness fluctuation, which appear in leaf areas of images. The brightness 
fluctuation is detected as edges by the Sobel filters. We conducted experiments with 
images containing trees and artificial green objects. The experimental results show the 
correct detection of tree areas and thus demonstrate good feasibility of the proposed 
method. We implemented a prototype system for real-time GVR measurement by the 
proposed method. The system detected vegetation green areas and calculated GVR at a
frame rate of 5 fps.

Figure 8: Screen shot of real-time processing.

613
AIC2015 TOKYO - Color and Image



REFERENCES
Ohki. T., et al., 2009. Proposal of the Green Landscape Evaluation Method That adopts 

Each View Angle Green Visibility Ratio, In the 23rd Conference on Environmental 
Information Science, 367-372. (in Japanese, with English abstract)

Ong. B. L., 2003. Green plot ratio: an ecological measure for architecture and urban 
planning, Landscape and Urban Planning 63: 197-211.

Takizawa. S., et al., 2013. Development of an instrument for the urban-green measure, In 
the 44th Annual Meeting of Color Science Association of Japan, 314-315. (in 
Japanese)

Address: Motonori Doi, Department of Tele-Communication and Computer Networks,
Osaka Electro-Communication University, 

18-8 Hatsu-cho, Neyagawa, Osaka 572-8530, JAPAN
E-mails: doi@isc.osakac.ac.jp, kima@oecu.jp, s-nishi@isc.osakac.ac.jp

614
AIC2015 TOKYO - Color and Image



PS1-37
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ABSTRACT
This manuscript describes an image enhancement method for color-defective observers, named 

image color reduction method, and presents an evaluation of this method; this evaluation is based on 
the analysis of chromaticity distribution.

Sakamoto [1] proposed a color reduction method using a color palette, especially designed 
for protan and deutan defects (commonly known as red-green color blindness). Sakamoto’s method 
involves replacing confusing colors with protan and deutan-safe (p/d-safe) colors. These p/d-safe 
colors are preliminarily selected and they form the p/d-safe color palette. The image enhancement 
processing for color-defective observers is performed on the basis of the p/d-safe color palette that is 
implemented as a look-up table. 

In this study, chromaticity distribution of composed colors in the palette is analyzed and 
evaluated using CIELAB color space and quasi-uniform color space derived theoretically from LMS 
(the response of the Long, Medium and Short cones of the human eye) color space. The results of 
the evaluation are described in this paper taking into consideration of visibility for color-defective 
observers, uniformity of the chromaticity distribution, color category, and color gamut width.

The results of this study suggest that Sakamoto’s color reduction method is effective in 
enhancing image colors for color-defective observers. Further discussion about this method and 
processing results are expected to be described in the technical report of CIE TC 1-89: Enhancement of 
mage  or o o r e ecti e er er  i a  e erimenta  erification o  t e co or re ction met o  

by dichromatic color-defective observers and comparison between the other image enhancement 
methods for color-defective observers will be subjects of interest for our near-future works.
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Evaluation of 20 p/d-safe colors used in image
color reduction method for color deficient observers
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ABSTRACT
This manuscript describes an evaluation of the safe colors used in the author’s previous 
study on color vision deficiency. In my previous manuscript, a color reduction method 
especially designed for protan and deutan color vision deficiency (commonly known as 
red-green color blindness) was proposed. This method enables the replacement of protan- 
and deutan-confusion colors in target images with preliminarily selected protan- and 
deutan-safe (p/d-safe) colors. In this study, the chromaticity distribution of 20 p/d-safe 
colors is analyzed and evaluated using the CIELAB color space and a quasiuniform color 
space theoretically derived from the LMS (the response of the long, medium, and short 
cones of the human eye) color space. The results of the evaluation are described in this 
manuscript taking into consideration the uniformity of the chromaticity distribution of 20 
p/d-safe colors, the color distance between each color, and the image processing utility of 
the color reduction implemented as a look-up table. The results of this study suggest that 
the chromaticity distribution of the 20 p/d-safe colors and the number of colors applied for 
the proposed color reduction method have to be optimized.  

1. INTRODUCTION 
A color vision deficiency such as protan and deutan defects occurs when the cells in the 
human retina fail to function normally or lack one or more types of cone cells. In many 
cases, the dysfunction is caused by specific genetic factors that affect a considerable 
number of people. In Japan, for example, approximately 5% of males and 0.2% of females 
suffer from either protan or deutan defects. Globally, more than 200 million people suffer 
from some form of congenital color vision deficiency. Such people have difficulty 
distinguishing particular sets of colors. For example, protan and deutan observers confuse 
red with green, deep-red with black, pink with sky blue, blue-green with gray, and pea-
green with yellow. These particular sets of colors are called confusion colors. 

A congenital color vision deficiency is caused genetically and is currently incurable by 
means of surgery and other medical procedures, visual training, or electrotherapy. The 
most reasonable and effective means to assist those suffering from a color vision 
deficiency is to improve their visual environment using imaging devices (e.g., TVs, 
projectors, electronic bulletin boards, PC monitors, and smartphones). An image color 
enhancement is the most effective method to replace sets of colors that cause color 
confusion in color deficient observers. 

Sakamoto (2015) proposed an image enhancement method using image color reduction 
that enables protan and deutan observers to distinguish between confusion colors. The 
proposed method is based on a simple color mapping and does not require a complex 
computation. This method is significant for its simplicity and use of a unique color palette. 
The color palette comprises 20 protan- and deutan-safe (abbreviated to p/d-safe) colors and 
was originally proposed by Ito et al. (2013). Ito and his colleagues have not intended to 
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apply their color palette to photographic and image processing. In contrast, Sakamoto 
(2015) proposed the idea that a color palette consisting of preliminarily selected p/d-safe 
colors is applicable to the color reduction processing of photographic images. Sakamoto 
(2015) found that a color reduction method using 20 or less p/d-safe colors is effective for 
replacing confusion colors and enhancing a target image for protan and deutan observers. 

Sakamoto (2015) also described a few problems related to the color selection of the p/d-
safe colors. Twenty or less colors may be unsuitable for high-definition color image 
processing because there are too few colors to replace, and the image degradation caused 
by the color reduction was noticeable in the color processing results. The most appropriate 
and effective solution for this may be to increase the number of colors used in a p/d-safe 
color palette. If so, the chromaticity distribution of the colors in the p/d-safe color palette 
must be analyzed and optimized to avoid color confusion. 

This manuscript describes an evaluation of the 20 p/d-safe colors used in Sakamoto 
(2015) and shows the analysis results of the uniformity of the chromaticity distribution of 
20 p/d-safe colors, the color distance between 20 p/d-safe colors, and the utility of the 
color reduction implemented as a look-up table. 

2. METHOD 

2.1 Twenty p/d-safe colors 
Twenty p/d-safe colors for protans and deutans were proposed by Ito et al. (2013). These 
colors consist of nine vivid and strong colors, seven soft and pale colors (excluding two 
alternative low-saturation colors), and four achromatic colors. These colors are selected on 
the basis of visual tests for protan and deutan observers such that they are easily identified, 
classified, and distinguished from each other by protan and deutan observers. However, Ito 
et al. (2013) did not describe a chromaticity distribution of the 20 p/d-safe colors. Figure 1 
shows these 20 colors, their index numbers, and the sRGB [IEC 61966-2-1:1999 standard 
RGB color space (1999)] tristimulus values for each color, as defined in Ito et al. (2013). 

Figure 1: Twenty p/d-safe colors, their index numbers, and sRGB tristimulus values. 
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2.2 Simulation of protanopia and deuteranopia 
Protanopic and deuteranopic color vision under the Joint ISO/CIE Standard Illuminant 
D65 (1999) condition is simulated according to the method proposed by Brettel et al. 
(1997). This study replaces the transformation matrix used in Brettel et al. (1997) with a 
Hunt–Pointer–Estevez matrix, as documented in Hunt (1995). This alternative matrix is 
used because the original matrix of Brettel et al. (1997) does not consider the illuminant 
D65 and sRGB color space. 

Protanopic and deuteranopic simulated images are calculated as follows [with regard to 
the color spaces, sRGB, XYZ, and LMS are documented in Hunt (1995), Brettel et al. 
(1997), and IEC 61966-2-1 (1999)]: (1) the sRGB coordinates of the target image are 
converted into XYZ tristimulus values based on the reference document; (2) the XYZ 
tristimulus values are converted into LMS coordinates; (3) the LMS coordinates are 
modified according to the reduction in the cone types in the human retina, e.g., protanopia 
can be expressed by means of the M and S axes of the LMS coordinates; (4) the modified 
LMS coordinates are back-converted into XYZ tristimulus values; and (5) the sRGB 
coordinates of the simulation image are calculated from the XYZ tristimulus values. 

2.3 CIELAB and L#M#S# color spaces 
The chromaticity distribution of the 20 p/d-safe colors and their protanopic and 
deuteranopic simulated colors are examined and analyzed using CIELAB, which is a 
perceptually uniform and standard color space [CIE 1976 color space, as documented in 
Hunt (1995)]. The lightness L* represents the darkest black at zero and the brightest white 
at 100. The a* and b* axes represent the degrees of chromaticness, and acromatic colors at 
a* = 0 and b* = 0. 

The CIELAB color space represents a color difference by its Euclidean distance 
between colors. CIELAB can evaluate color differences perceived by observers with 
normal color vision but cannot deal with color differences perceived by observers with 
protan and deutan defects immediately. To deal with protanopic and deuteranopic color 
differences, the CIELAB values of protanopic and deuteranopic simulated colors must be 
known. Brettel et al. (1997) may be utilized for this purpose, but this procedure lacks 
precision because the simulation method is only an approximation of protanopic and 
deuteranopic views. 

To avoid the approximation related to the protanopic and deuteranopic simulation, this 
study utilizes the LMS color space that can deal with and indicate protanopic and 
deuteranopic views of colors immediately in the form of tristimulus values. However, there 
remains another issue with the color differences in that the LMS color space is not 
perceptually uniform. In order to overcome this issue, this study proposes a new 
perceptually quasiuniform color space L#M#S# and utilizes it for an analysis of the 
chromaticity distribution of the 20 p/d-safe colors. L# is nonlinear transformation of the L 
axis of the LMS color space, and it is obtained by using the same nonlinear formula for the 
L* axis of the CIELAB color space. M# and S# are also obtained using a similar procedure 
for the M and S axes of the LMS color space. 
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3. RESULTS AND DISCUSSION 

3.1 Chromaticity distribution analysis using CIELAB
Figure 2 shows the chromaticity distribution map of the 20 p/d-safe colors along the a* and 
b* axes. Black squares represent views of normal color vision, red circles represent 
simulated views of protanopic color vision, and blue triangles represent simulated views of 
deuteranopic color vision. The solid lines and filled dots represent the vivid and strong 
colors that are indicated as No. 1 to No. 9 in Figure 1. The dashed lines and open dots 
represent the soft and pale colors that are indicated as No. 10 to No. 16 in Figure 1. 
Achromatic colors (No. 17 to No. 20) are not indicated in Figure 2. 

Figure 3 shows the chromaticity distribution map of the 20 p/d-safe colors along the L* 
and b* axes. Black squares, red circles, and blue triangles represent the same color vision 
categories as shown in Figure 2. Additionally, the green diamonds and solid lines represent 
the achromatic colors that are indicated in Figure 1 as No. 17 to No. 20. The other solid 
lines and filled dots represent vivid and strong colors, and the dashed lines and open dots 
represent soft and pale colors that are in the same color categories as in Figure 2. 

Figure 2: Chromaticity distribution map of the 20 p/d-safe colors along the a* and b* axes. 

Figure 3: Chromaticity distribution map of the 20 p/d-safe colors along the L* and b* axes. 
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Figure 2 suggests that protanopic and deuteranopic observers can hardly perceive color 
differences along the a* axis. From Figure 3, we know that protanopic and deuteranopic 
observers can distinguish between 20 colors using the L* and b* axes. In addition, we 
know that vivid and strong colors have longer color distances between each other than soft 
and pale colors, which suggests that soft and pale colors are more difficult to distinguish 
amongst each other. Figure 2 also suggests that achromatic color No. 18 has lower color 
distances between it and soft and pale colors such as No. 10, No. 15, and No. 16, which 
suggests that pale gray (No. 18) may be confused with pale pink (No.10), pale blue 
(No. 15), and pale violet (No. 16). 

3.2 Chromaticity distribution analysis using L#M#S#

Figure 4 shows the chromaticity distribution maps of the 20 p/d-safe colors; the left-side 
distribution map describes protanopic views of colors using the M# and S# axes, and the 
right-side distribution map describes deuteranopic views of colors using the L# and S#

axes. Black squares represent the vivid and strong colors that are indicated as No. 1 to 
No. 9 in Figure 1. Green circles represent the soft and pale colors that are indicated as 
No. 10 to No. 16 in Figure 1. Achromatic colors (No. 17 to No. 20 in Figure 1) are 
represented by blue triangles, and the dashed lines represent the ideal achromatic line 
(equal-energy line). The red circles will be used in further discussion. 

Figure 4: Chromaticity distribution map of the 20 p/d-safe colors using L#, M#, and S#.

Figure 4 suggests that vivid and strong colors have longer color distances between each 
other than soft and pale colors, which suggests that soft and pale colors are more difficult 
to distinguish amongst each other. Figure 4 also suggests that achromatic colors such as 
pale gray (No. 18) and gray (No. 19) have lower color distances between them and the 
other chromatic colors such as green (No. 4), pale pink (No. 10), pale green (No. 14), and 
pale violet (No. 16). 

Figure 3 and Figure 4 also suggest that the 20 p/d-safe colors include few low-lightness 
colors, so the number of colors should be increased, and low-lightness colors such as deep 
blue and deep green should be utilized for the p/d-safe color palette. On the other hand, the 
number of soft and pale colors seems to be too high to distinguish between them. Soft and 
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pale colors and gray may be redesigned to have uniform color differences between each 
color.

4. CONCLUSIONS 
This study evaluated the chromaticity distribution of the 20 p/d-safe colors used in 
Sakamoto (2015). The evaluation revealed that the 20 p/d-safe colors had a lopsided 
distribution in the CIELAB and proposed L#M#S# color spaces. The number of soft and 
pale colors may be too high to distinguish between them, and the number of low-lightness 
colors may be few, thereby allowing for an increase in the number of colors. 

Eight p/d-safe colors, as indicated by the red circles in Figure 4, are easy to use in 
image color processing, and these eight colors have sufficient color differences between 
them. Therefore, these eight colors and the other color sets comprised of a few pale and 
dark colors, and gray colors may enable the construction of an appropriate p/d-safe color 
palette for the image color reduction method. 
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ABSTRACT
Recently, there is an increasing interest in natural or eco-colorants.  Soils are natural colorants 

that have been used since ancient times before synthetic colorant quickly replace them.  In this study 
3 types of soil: black-, yellow- and red soils were used as sources of colorants of silkscreen ink 
or rinting on cotton a ric   Soi  co orant  ere re are   grin ing oi  into fine o er  t en 

dissolved with water and left overnight for sedimentation.  The supernatant liquid was discarded and 
the sediment was collected as soil colorant.   Soil colorants were mixed with water based silkscreen 
medium for silkscreen inks.  Physical properties of 3 types of silkscreen inks from soil colorants were 
measured.  The result showed that density of silkscreen ink of black soil, red soil and yellow soil 
colorant were 1.02, 0.53 and 0.75 and the CIE (L*a*b*) values were L* = 47.79, a* = 7.57 b*= 19.54; 
L* = 72.18, a* = 17.88 b*= 27.55; L* = 72.26, a* = 15.18 b*= 38.91, respectively.  Silkscreen inks 
from soil colorants were printed on cotton fabrics with the resolution of image printed at 30 LPI.  The 
printed cotton fabrics were measured for halftone, dot gain, density, and wash-resistant.  The results 
showed that silkscreen ink printed on cotton fabrics gave good quality line at 1-6 points for every 
soil colorant. The halftone was 10-50% for red- and yellow soil while black soil halftone was 10-40 
percent.  Densities of printed cotton fabrics before washing were 1.02, 0.53 and 0.75 for black-, red- 
and yellow soil, respectively.   After washing printed cotton fabrics for three times the results showed 
that densities were changed to 0.99, 0.52 and 0.73, respectively.  Dot gain of black soil at 10 - 20 
percent showed normal dot gain and gave a good printing quality but dot gain more than 60 percent 
appeared solid ink density.  While red- and yellow soil dot gain was 10-40 percent showed normal dot 
gain and gave a good printing quality but dot gain more than 70 percent showed solid ink density.  In 
addition, quality of printed cotton fabrics not only depends on printing ink but also the worker has to 
have printing experience.
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ABSTRACT 

Recently, there is an increasing interest in natural or eco-colorants.  Soils are natural 
colorants that have been used since ancient times before synthetic colorant quickly replace 
them.  In this study 3 types of soil: black-, yellow- and red soils were used as sources of 
colorants of silkscreen ink for printing on cotton fabrics.  Soil colorants were prepared by 
grinding soil into fine powder, then dissolved with water and left overnight for 
sedimentation.  The supernatant liquid was discarded and the sediment was collected as 
soil colorant.   Soil colorants were mixed with water based silkscreen medium for 
silkscreen inks.  Physical properties of 3 types of silkscreen inks from soil colorants were 
measured.  The result showed that density of silkscreen ink of black soil, red soil and 
yellow soil colorant were 1.02, 0.53 and 0.75 and the CIE (L*a*b*) values were L* = 
47.79, a* = 7.57 b*= 19.54; L* = 72.18, a* = 17.88 b*= 27.55; L* = 72.26, a* = 15.18 b*= 
38.91, respectively.  Silkscreen inks from soil colorants were printed on cotton fabrics with 
the resolution of image printed at 30 LPI.  The printed cotton fabrics were measured for 
halftone, dot gain, density, and wash-resistant.  The results showed that silkscreen ink 
printed on cotton fabrics gave good quality line at 1-6 points for every soil colorant. The 
halftone was 10-50 per cent for red- and yellow soil while black soil halftone was 10-40 
per cent.  Densities of printed cotton fabrics before washing were 1.02, 0.53 and 0.75 for 
black-, red- and yellow soil, respectively.   After washing printed cotton fabrics for three 
times the results showed that densities were changed to 0.99, 0.52 and 0.73, respectively.  
Dot gain of black soil at 10 - 20 per cent showed normal dot gain and gave a good printing 
quality but dot gain more than 60 per cent appeared solid ink density.  While red- and 
yellow soil dot gain was 10-40 per cent showed normal dot gain and gave a good printing 
quality but dot gain more than 70 per cent showed solid ink density.  In addition, quality of 
printed cotton fabrics not only depends on printing ink but also the worker has to have 
printing experience.    

1. INTRODUCTION 
Soil is the most important natural resources.  The differences of soil when we looking is 
colors.  In agriculture soil color means the fertile of the soil but for painter or artist soil 
colors were used as coloring agents.  Soil series in Thailand was report including soil color 
(Boonsompopphan et al, 2008).  The identification of soil series also showed the difference 
of soil color and properties.  Blavet et al (2002) reported that the mean angular hue and 
mean redness rating of a soil are significantly linked to annual soil waterlogged rate.  Hyun 
Jin Jeong studied her master degree on soil as fabric dyes.   She collected 45 different soils 
across South Korea and United Kingdom and categorize them into seven different color 
families.  Jeong apply soil-based paint directly to fabric (Earth dyeing, 2014).  Trirat et al 
(2014) and Chotaku et al (2014) reported used soil dyes for colored handmade paper and 
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printing ink, respectively.  Nowadays, environmental have been more concerned especially 
toxic materials.  Authors aim to reduce the use of harmful chemicals by replacing it with a 
friendly natural material that can be easily obtained such as the soil to replace chemical 
colorants. 
 

2. METHOD 
Three types of soil color were collected from the areas of Pathumthani province: red, 
yellow and black soil.  Soil colorants were prepared by drying and grinding soil into fine 
powder.   To make soil colorant, 100g of soil powder was added into 500 ml of clean water 
and mixed well by the blender. The mixture was filtered through muslin sheet to remove 
debris, and the mixture was left overnight for sedimentation. The supernatant liquid was 
discarded and the sediment is collected as soil colorant.  Soil colorant was mixed with 
water based silkscreen medium for making silkscreen ink by adding 75 ml of soil colorant 
into 100 ml of water-based resin, and the mixture was mixed well by hand.  Prepare screen 
frame by using T48 screen.  Silkscreen inks from soil colorants were printed on cotton 
fabrics with the resolution of image printed at 30 LPI by using square-shaped rubber with 
the off contract of 3.0 mm.  Printed cotton fabrics were measured for density, CIE-L*a*b* 
values, dot gain, the quality of silkscreen printing ink from soil colorants on cotton fabric.   
Printed cotton fabric was test for wash resistant by using washing machine with the ratio of 
detergent and water at 15g: 5L.  The printed cotton fabric was washed for three times.  
Printed cotton fabric was washed for 5 minute and then rinsed with water for another 5 
minutes, after that they were dried by sun light and density was measured after drying.  

3. RESULTS AND DISCUSSION 
The density and CIE L*a*b* of silkscreen ink were shown in tables 1.  The result showed 
that density of silkscreen ink of black soil, red soil and yellow soil colorant were 1.02, 0.53 
and 0.75 and the CIE (L*a*b*) values were L* = 47.79, a* = 7.57 b*= 19.54; L* = 72.18, 
a* = 17.88 b*= 27.55; L* = 72.26, a* = 15.18 b*= 38.91, respectively.  The quality of 
silkscreen printing ink on cotton fabric showed that all types of colorants gave the line size 
from 1-6 point.  The screen dot of water-based screen printing ink of red soil at 10 per cent 
was not appeared (Table 2).  Similarly to yellow soil that could print only 7 percent while 
the black ink had 36.8 per cent.  Water-based screen printing of black soil had dot gain 
from 10 per cent, but from 30 per cent it gave higher dot gain up to 80.8 per cent.   When 
compared at 10 per cent, the black ink had more dot gain than red and yellow ink about 26 
per cent. The results revealed that water-based screen printing ink able to print on figure 
with big screen dot or line printing.  All type of soil colorants gave line printed of 1-6 point 
and area of halftone of black soil was 10-40 per cent while red and yellow soil had 10-50 
per cent (Table 3). 

Table 1. The density and CIE L*a*b* of silkscreen printing ink on cotton fabric from 3 
types of soil. 

Soil type Density CIE L*a*b* 

L* a* b* 

Black 1.02 47.79 7.57 19.54 

Red 0.53 72.18 17.88 27.55 

Yellow 0.75 72.26 15.18 38.91 
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was not appeared (Table 2).  Similarly to yellow soil that could print only 7 percent while 
the black ink had 36.8 per cent.  Water-based screen printing of black soil had dot gain 
from 10 per cent, but from 30 per cent it gave higher dot gain up to 80.8 per cent.   When 
compared at 10 per cent, the black ink had more dot gain than red and yellow ink about 26 
per cent. The results revealed that water-based screen printing ink able to print on figure 
with big screen dot or line printing.  All type of soil colorants gave line printed of 1-6 point 
and area of halftone of black soil was 10-40 per cent while red and yellow soil had 10-50 
per cent (Table 3). 

Table 1. The density and CIE L*a*b* of silkscreen printing ink on cotton fabric from 3 
types of soil. 

Soil type Density CIE L*a*b* 

L* a* b* 

Black 1.02 47.79 7.57 19.54 

Red 0.53 72.18 17.88 27.55 

Yellow 0.75 72.26 15.18 38.91 

 

 

Table 2. The dot gain of silkscreen printing ink from 3 types of soil on cotton fabric. 

Screen dot (per cent) Black soil Red soil Yellow soil 

10 36.8 0.0 7.0 

20 64.1 21.0 32.1 

30 80.8 40.1 51.0 

40 85.9 66.9 58.2 

50 90.0 73.3 82.1 

60 93.8 83.4 84.8 

70 93.8 92.0 90.5 

80 93.9 94.1 97.1 

90 98.3 99.4 99.0 

100 100.0 100.0 100.0 
 

Table 3. Line size and area of halftone of cotton fabric printed with silkscreen printing ink 
from 3 types of soil.  

 

 

Printed cotton fabrics were measured for density and then were washed for wash resistant.  
It was found that density was slightly decreased from before washed.  Densities of printed 
cotton fabrics before washing were 1.02, 0.53 and 0.75 for black-, red- and yellow soil, 
respectively.   After washing printed cotton fabrics for three times the results showed that 
densities were changed to 0.99, 0.52 and 0.73, respectively (Table 4).   
 

Table 4. The density of silkscreen printing ink from 3 types of soil on cotton fabrics before 
and after washing. 

Soil type Before 
washing 

First washing Second 
washing 

Third 
washing 

Black 1.02 1.01 1.00 0.99 

Red 0.53 0.53 0.52 0.52 

Yellow 0.75 0.74 0.74 0.73 

 

  

Soil type Line size Point  Area halftone per cent  

Black 1-6 10-40 

Red 1-6 10-50 

Yellow 1-6 10-50 
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4. CONCLUSIONS 
Different types of soil gave different color.  Silkscreen printing ink from soil colorants 
gave a good printing quality on cotton fabric.   The result revealed that water-based screen 
printing ink able to print on figure with big screen dot or line printing.  The results showed 
that silkscreen ink printed on cotton fabrics gave good quality line at 1-6 points for every 
soil colorant. The halftone was 10-50 per cent for red- and yellow soil while black soil 
halftone was 10-40 per cent.  Dot gain of black soil at 10 - 20 per cent showed normal dot 
gain and gave a good printing quality but dot gain more than 60 per cent appeared solid ink 
density.  While red- and yellow soil dot gain was 10-40 percent showed normal dot gain 
and gave a good printing quality but dot gain more than 70 per cent showed solid ink 
density.  Densities of printed cotton fabrics before washing were 1.02, 0.53 and 0.75 for 
black-, red- and yellow soil, respectively.   After washing printed cotton fabrics for three 
times the results showed that densities were changed to 0.99, 0.52 and 0.73, respectively.   
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Estimation of the Environment Illumination Color Using Distribution 
of Pixels

Noriko YATA, Yuki ARAI and Yoshitsugu MANABE
Graduate school of advanced integration science, Chiba University

ABSTRACT
Color of pixels in images depends on the surface conditions of objects and environment illumi-

nation  t i  i fic t to etermine ic  actor i  ca e o  t e c anging co or o  i e  ere ore  tec -
niques for estimating the illumination color of the imaging environment from an image are determined. 
This paper proposes a new technique to estimate the illumination color by examining the pixel distri-
bution in a feature space for each characteristic of the surfaces of objects. The method use a log-chro-
maticity differences(LCD) space that represents the color of each pixel in two-dimensional axes as 
the differences between the logarithm of R and G(log(R/G)), and B and G(log(B/G)). The method to 
estimate the color of illuminations is a clustering of the LCD values for each color temperature using 
support vector machine(SVM).

In this study, the distributions of target pixels corresponded to the surfaces of objects under dif-
ferent illumination conditions are plotted in LCD space. We use the images of cylindrical papers with 
shading under controlled illumination in dark room as test data for experimentation. The colors of 
objects are seven colors of white, gray, blue, green, orange, purple and yellow. The Illumination lights 
are eleven types of daylight from 3500K to 8500K for training data, and 24 types for test data. The tar-
get pixels are taken from place of change to the shade from the bright part of the object, avoiding the 

ec ar re ection region  e o r eat re a e  o  og  og  ang ar coor inate in  
space, and brightness obtained from target pixels are used to perform clustering for each image by 
SVM.

The results of the verification experiment for test data, the number of the estimated class 
matched to the correct color temperature class was 21 of 24 illumination conditions, and the rate of 
correct was 86.5 ％ . The proposed method estimated the wrong class in three conditions of 3801K, 

 an   e t ree con ition  ere c a ifie  to t e near  c a e  o  t e correct c a e
In this study, the training data obtained from images taking seven objects. It can be expected to 

improve the illumination estimation accuracy through using combinations of different colors. More-
o er  it i  nece ar  a erification n er i mination ig t c  a  ore cent am  an   ig t  
because neither of the training data and the test data was obtained from images taken in the same envi-
ronment using the spectral light source device.

 

 

Estimation of the Environment Illumination Color Using 
Distribution of Pixels 

Noriko YATA, Yuki ARAI, Yoshitsugu MANABE 

Graduate school of advanced integration science, Chiba University 

ABSTRACT 
Techniques for estimating the illumination color of the imaging environment from an 
image are needed. This paper proposes a new technique to estimate the illumination color 
by examining pixel distributions in a characteristic space for each of the objective surfaces. 
A two-dimensional log-chromaticity differences space of the differences between 
logarithms of R and G, and B and G is used as a space of amount of characteristic. The 
proposal method to estimate the color of illuminations is a clustering of the characteristic 
values for each color temperature using support vector machine. In this study, the 
distributions of target pixels correspond to the surfaces of objects under different 
illumination conditions are plotted in the characteristic space. The training data are 
obtained from images of seven colors objects. In the results of the verification experiment 
for test data, the rate of correct estimation is 86.5 %. It can be expected to improve the 
illumination estimation accuracy through using combinations of different colors.  

1. INTRODUCTION 
We can perceive the colors of objects impervious to changing the illumination light in 
everyday life. On the other hand, colors of pixels in images depend on the surfaces 
conditions of the objects and the environment illuminations. It is difficult to determine 
which factor is cause of the changing color of pixels. The problem can be solved by 
performing the estimation of an illumination color and surface conditions of objects from a 
image. White patch retinex and gray world algorithm and others have been proposed as 
algorithms for representing the colors of objects without depending on the illumination 
light conditions. These algorithms are not performed an appropriate illumination 
estimation when white point is not present in the image or the scene has partial colors 
(Ebner 2007). The purpose of this study is to estimate the correlated color temperatures of 
the illumination light of the shooting environment from a single image that has partial 
color without white point. 

2. METHOD OF CORRELATED COLOR ESTIMATION 
The proposal method estimate the illumination color by clustering the pixel distribution in 
a feature space for each characteristic of the surfaces of objects. We focused on the log-
chromaticity differences (LCD) that is proposed for shadow removal in images (Finlayson 
and Hordley 2001) as suitable features for the clustering. The method uses the LCD values 
in two-dimensional axes as the differences between the logarithm of R and G (log (R/G)), 
and B and G (log (B/G)) that represent colors of each pixel. The distribution of pixels color 
under various illuminations in LCD space is shown in Figure 1. 

The method to estimate the correlated color temperatures of illuminations is a clustering 
of the LCD values for each color temperatures using support vector machine (SVM). The 
four values of log (R/G), log (B/G), angular coordinate in LCD space, and brightness 
obtained from target pixels are used to perform clustering for each image by SVM. 
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Figure 1: The distribution of pixels color and angular coordinate in LCD space. 

3. EXPERIMENTATION AND RESULTS 

3.1 Data preparation for Experiment 

Illumination lights were configured to capture images for correlated color temperature 
estimation in the following way. The illumination lights was generated based on the 
spectral radiance of each color temperature using a spectral light source device. The actual 
spectral distributions and color temperatures of the illumination lights were measured 
using a spectral irradiance meter, and the measured values were defined as correct color 
temperatures of the illumination lights. In this study, the illumination light color 
temperatures of eleven types were set in 500 K increments of 3500 K to 8500 K for 
training data, and 24 types for test data. The correct classes and the color temperatures of 
the training data and the test data shown in Table 1. 

The images of cylindrical papers with shading under controlled illuminations in dark 
room were used as test data for the experimentation. The colors of objects are seven types 
of white, gray, blue, green, orange, purple and yellow. The target pixels are taken from 
place of change to the shade from the bright part of the object, avoiding the specular 
reflection regions.  

3.2 Verification Accuracy and Application to Color Correction 

The results of estimation by proposed method are described follow. In the results of the 
verification experiment for the test data, the number of the estimated classes matched to 
the correct color temperatures has been 21 of 24 illumination conditions, and the rate of 
correct estimation has been 86.5 ％. The proposed method has estimated the wrong class in 
three conditions of 3801 K, 7616 K, and 8136 K. Although our proposed method could not 
perform appropriate estimation for the three test data, all of these have been classified next 
to the correct class. 

The color temperatures of the illumination lights were estimated using the images of 
new objects and the illuminations with different color temperatures with training data. The 
objects were cloth of four colors. Color corrections of the images were performed based on 
the estimated color temperatures, and the results were compared with white patch retinex 
(WPR) method. The examples of the color correction results are shown in Figure 2. Images 
shown in Figure 2 (a) and (d) are image before color correction, and the color temperatures 
of each image are 3285 K and 8597 K. Images shown in Figure 2 (b) and (e) are the results 
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Table 1. Correct classes and the color temperatures of the data. 

Correct class Color temperatures of 
training data (K) Color temperatures of test data (K) 

3500 3548 3289 

4000 4055 3801 

4500 4489 - 

5000 4955 4939, 5009, 5093, 5161 

5500 5552 5432, 5634 

6000 6011 6106, 6207 

6500 6512 6416, 6527, 6595, 6680 

7000 6985 7091, 7096, 7098 

7500 7496 7443, 7616 

8000 7915 7885, 8114, 8136 

8500 8485 8431, 8572 

    (a) Original image A (3285K)   (b) Proposed method for A            (c) WPR for A 

    (d) Original image B (8597K)   (e) Proposed method for B            (f) WPR for B 

Figure 2: The results of color corrections. 

of our proposed method. Images shown in Figure 2 (c) and (f) are the results of WPR 
which use the information of white point. It can be seen that these images had been 
corrected from bluish or yellowish by both methods. The color differences ΔE*ab between 
the corrected images and the reference image were compared to quantitatively evaluate the 
color correction result by the proposed method and WPR. The reference was corrected 
image of the illuminated by 6382 K light. The differences were calculated on 24 colors of 
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Table 2. The mean color differences of ColorChecker. 

Color temperatures of original images (K) Proposal method  WPR 

3285 12.24 15.02 

4051 12.57 13.61 

4492 13.13 13.01 

5001 10.25 10.58 

5608 7.14 6.62 

6085 5.07 3.67 

7102 3.69 3.84 

7671 6.46 6.61 

8156 7.10 8.07 

8597 8.60 9.39 

ColorChecker (x-rite). The mean color differences of ColorChecker shown in Table 2. The 
maximum value of the color difference of the proposed method has been smaller than that 
of WPR. The color differences of 5608K and 6085K however have been larger because the 
color temperatures of the estimated classes were incorrect in these conditions. 

4. CONCLUSIONS 

The new technique to estimate the illumination color was proposed in this paper. It was 
performed by examining the pixel distribution in a feature space for each characteristic of 
the surfaces of objects. The proposed method has shown better results than the WPR in 
verification of the accuracies of the estimated classes and the colors of corrected image.  

It can be expected to improve the estimation accuracy using combinations of different 
colors objects to obtaining training data. Moreover, it is necessary a verification under 
illumination light such as fluorescent lamps and LED lights because neither of the training 
data and the test data was obtained from images taken in the same environment using the 
spectral light source device. 
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 S ectral e ectance ea rement Sy tem or man S in y in  
Smartphone

Seungwan HONG, Norihiro TANAKA and Kosuke MOCHIZUKI 
Faculty Business and Informatics, Nagano University

ABSTRACT
i  a er e cri e  a met o  or e timating t e ectra  re ectance o  man in a e  on 

m ti ectra  imaging  ing a mart one   ectra  re ectance o  man in i  er  e  or 
a ea t  care an  ea t  in co metic fie   t i  tem  an one can mea re ectra  re ectance o  
human skin with smartphone and color chart.

ir t  e e e o  a m ti ectra  camera mo e  o  a mart one or e cri ing a ig t re ection 
process of a smartphone camera system. A camera of the smartphone has an automatic exposure and 
an a tomatic ite a ance nction  e camera o t t  i  mo e e  it  ectra  re ectance o  
human skin, spectral distribution of illumination, camera sensitivity and time parameter in the visible 
wavelength [400–700 nm].

Secon  e ro o e a im ifie  met o  or e timating ectra  re ectance ing a mart one 
camera a e  on t e m ti ectra  camera mo e  e a me  t at t e ectra  re ectance o  a man 
skin surface can be described as linear combination of some basis functions. On the assumption that 
the system conversion matrix from the camera output to spectral reflection is estimated based on 
tati tica  ana i  o  t e o  ectra  re ectance an  camera o t t  enera  mart one 

camera has an automatic exposure and an automatic white balance function. The exposure and white 
a ance i  fi e  correct  it  a co or c art

Third, we implement a position detection method for improving accuracy of human face and 
co or c art o ition ca i ration  n t e re t  e can e timate ectra  re ectance in ar itrar  art o  
the human face.

ina  to confirm acc rac  o  t e ro o e  met o  e mea re  ectra  re ectance o  man 
face with a smartphone. The estimation results were compared with direct measurement of spectral 
reflectance with spectrophotometer. Consequently, it was possible to obtain the estimation results 
of spectral reflectance of human skin with high precision. The detail of estimation results will be 
described in the proceedings.

A Spectral Reflectance Measurement System for  
Human Skin by Using Smartphone 

 
Seungwan HONG, Norihiro TANAKA, Kosuke MOCHIZUKI 

Faculty Business and Informatics, Nagano University 

 
 

ABSTRACT 
 
This paper describes a method for estimating the spectral reflectance of human skin based on 
multi-spectral imaging by using a smartphone. A spectral reflectance of human skin is very 
useful for a health care and beauty in cosmetic fields. By this system, anyone can measure 
spectral reflectance of human skin with smartphone and color chart. First, we develop a 
multi-spectral camera model of a smartphone for describing a light reflection process of a 
smartphone camera system. A camera of the smartphone has an automatic exposure and an 
automatic white balance function. The camera output (RGB) is modeled with spectral 
reflectance of human skin, spectral distribution of illumination, camera sensitivity and time 
parameter in the visible wavelength [400–700 nm].Second, we propose a simplified method 
for estimating spectral reflectance using a smartphone camera based on the multi-spectral 
camera model. We assumed that the spectral reflectance of a human skin surface can be 
described as linear combination of some basis functions. On the assumption that the system 
conversion matrix from the camera output to spectral reflection is estimated based on 
statistically analysis of tuple of spectral reflectance and camera outputs (RGB).Generally, 
smartphone camera has an automatic exposure and an automatic white balance function. The 
exposure and white balance is fixed correctly with a color chart. Third, we implement a 
position detection method for improving accuracy of human face and color chart position 
calibration. In the results, we can estimate spectral reflectance in arbitrary part of the human 
face. Finally, to confirm accuracy of the proposed method, we measured spectral reflectance 
of human face with a smartphone. The estimation results were compared with direct 
measurement of spectral reflectance with spectrophotometer. Consequently, it was possible to 
obtain the estimation results of spectral reflectance of human skin with high precision. 
 
 

1. INTRODUCTION 
 
Smartphone is useful as color device at any time. And also, because computer and digital 
color camera is implemented in the smartphone, the smartphone may be considered a color 
device for easily performing multi-spectral imaging. However it is difficult to estimate 
spectral information from the color image by the smartphone[1]. The camera of smartphone 
has an automatic exposure and automatic white balance function. These functions destabilize 
of estimating spectral information form the image.  
  In this study, we develop a method for estimating spectral reflectance of human skin from 
the smartphone. The human skin surface has inhomogeneous reflection properties and 
spectral reflectance. This paper will describe a method for estimating the spectral reflectance 
of human skin based on multi-spectral imaging by using smartphone. First, we develop an 
automatic detection system for color chart and human face in an image taken by smartphone. 
The system is developed based on machine leaning method[2]. The color information of color 
chart and geometry of face position in the image are used for calibrating camera 
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characteristics and image recognition. Second, we proposed method for estimating spectral 
reflectance of human skin using smartphone. Finally, to confirm the feasibility of our method, 
we demonstrate the spectral estimation system for the smartphone.  
 

2. DETECTION OF COLOR CHART AND HUMAN FACE 
 
In this study, we need to know the position of the color chart and face in the measured image. 
Haar Feature-based Cascade Classifier method[2] is used as face detection and recognition 
system. And also, the method is used for the detection of color chart position. Haar 
Feature-based Cascade Classifier method is a sort of machine learning method. The machine 
learning can be carried out by using the learning data suitable for detection of color chart and 
human face. Firstly, to train Classifier, collect positive and negative samples from images that 
have notable features. Then, obtain several numbers of weak classifier by combining the 
features. Haar Feature-based Cascade Classifier method is not using a single strong classifier 
but using several weak classifiers in serial order for detecting an object. At first, low 
recognition rated classifier is applied on detecting a face. Then, gradually raise the rate of 
classifier to narrow the error range. This method can save time and memory for recognizing 
object during detection. In this project, 244 positive samples and 3000 negative samples are 
used for training color chart. As a result 7 weak classifiers are generated and the classifier 
detects color chart from an image by cascade method. 

 
3. CAMERA MODEL OF THE SMARTPHONE 

 
In order to estimate spectral reflectance using smartphone, the image data taken by 
smartphone is modeled based on multi-spectral reflectance[1][3]. Generally, the camera of 
the smartphone has an automatic exposure and an automatic white balance function. The 
camera output is modeled in visible wavelength[400-700nm] as 
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( )E O  is the spectral distributions of light sources. ( )S O  is the spectral reflectance of the 
objects. r g b( , ), ( , ), ( , )r t r t r tO O O  are, respectively, the spectral sensitivity functions of sensor 
RGB. t is time parameter.  
 

4. ESTIMATION METHOD OF THE SPECTRAL REFLECTANCE 
 
In this study, we use two cameras[3]. The first one is the camera system which calibrated to 
remove influence of spectral sensitivity and illumination environment beforehand. The 
second one is uncalibleted camera of spectral sensitivity and illumination environment. As 
for the model, sensitivity properties change in time t. We measure a k-colored color chart in 
calibrated camera. The camera output of the calibrated camera assumes it matrix CΛ  of 3×
k. The camera output of the uncalibrated camera assumes it matrix U ( )tΛ  of 3×k including 
sensitivity change t by automatic exposure and white balance of the camera. We can describe 
the relations of the camera output of both in the next expression using color conversion 
matrix T. 
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( )E O  is the spectral distributions of light sources. ( )S O  is the spectral reflectance of the 
objects. r g b( , ), ( , ), ( , )r t r t r tO O O  are, respectively, the spectral sensitivity functions of sensor 
RGB. t is time parameter.  
 

4. ESTIMATION METHOD OF THE SPECTRAL REFLECTANCE 
 
In this study, we use two cameras[3]. The first one is the camera system which calibrated to 
remove influence of spectral sensitivity and illumination environment beforehand. The 
second one is uncalibleted camera of spectral sensitivity and illumination environment. As 
for the model, sensitivity properties change in time t. We measure a k-colored color chart in 
calibrated camera. The camera output of the calibrated camera assumes it matrix CΛ  of 3×
k. The camera output of the uncalibrated camera assumes it matrix U ( )tΛ  of 3×k including 
sensitivity change t by automatic exposure and white balance of the camera. We can describe 
the relations of the camera output of both in the next expression using color conversion 
matrix T. 
 

C U( ) ( )t t Λ T Λ

We estimated T as C U( ) ( )t t� T Λ Λ  using pseudo inverse matrix CΛ  of matrix CΛ . In 
this study, we get conversion matrix T(t) in time t by measuring a color chart becoming the 
standard at the time of photography at the same time. We can calculate heaviness coefficient 
matrix like the next expression when We express an image of uncalibrated camera of number 
of the pixels n then in matrix UC  of 3×n. If this W(t) can be calculate, the spectral 
reflectance can be estimate. 
 

5. EXPERIMENTAL RESULTS 
 
The proposed method was applied to estimate of spectral reflectance of human skin. We used 
a Motorola Atrix4G phone as the smartphone. Machine learning system is implemented with 
Open CV libraly. Figure 1 shows estimation results of the experiment. Figure 1(a) shows 
human face and color chart detection results. The red square is face detection result. The 
Green squire and red circles are color chart and color patach detection results. Figure 1(b) is 
estimation results of spectral reflectance. The blue line is the graph of estimation results and 
red squire in the red cirlce is estimation area of spectral reflectance. 

 

 
(a) face and color chart detection       (b) estimation results of spectral reflectance 

Figure 1. Estimation results 
 

6. CONCLUSIONS 
 
In this paper, we have developed a method for estimating spectral reflectance of human skin 
from the smartphone. The human skin surface has inhomogeneous reflection properties and 
spectral reflectance. This paper described a method for estimating the spectral reflectance of 
human skin based on multi-spectral imaging by using smartphone. First, we developed an 
automatic detection system for color chart and human face in an image taken by smartphone. 
The system is developed based on machine leaning method. The color information of color 
chart and geometry of face position in the image are used for calibrating camera 
characteristics and image recognition. Second, we proposed method for estimating spectral 
reflectance of human skin using smartphone. Finally, to confirm the feasibility of our method, 
we demonstrate the spectral estimation system for the smartphone. 
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ABSTRACT
In recent years, the appeal of uncoated paper has undergone a dramatic image change in the 

eyes of designers and printers, contributing to the growing demand for uncoated stock. There is a wide 
range of high quality uncoated papers on the market today, available in many different textures, colors, 

eig t  an  fini e  eca e o  t eir tacti e ro ertie  an  nat ra  r ace  ncoate  a er  create 
a much stronger impression and lasting value compared to coated papers. On the other side, coated 
papers have an advantage in the standardized reproduction process and achieve higher quality printing 
results. The challenge is to ensure that uncoated print results are able to match the performance of 
color prints on coated papers. 

e goa  o  t i  re earc  a  to e ta i  t e con i tent an  re icta e or o  rom creen 
to the print on uncoated paper, taking into account the specific constraints of the substrate and the 
reproduction process. The substrate is a major factor in determination of the attainable full-tone density 
and affects the reproducible color contrast, which both have a large impact on overall print quality. The 

ecific re triction  on ncoate  a er are etermine   a ro g  r ace on ic  t ere i  a a  a 
large dot gain, reduced relative printing contrast compared to a print on coated papers, as well as the 
reduced gamut of colors that can be reproduced. By implementing color management ICC profiles 
c aracteri e  or ecific ncoate  rinting trate an   con cting ro o e  correction met o  
in the prepress, as well as optimizing the thickness of ink in printing, it is possible to achieve high 
quality color reproduction.

In the experimental part of this work special test target was designed and printed in offset on 
three different uncoated papers and one coated paper. The test target was composed of ten types of 
color strips for instrumental measurements of dot gain, relative printing contrast, raster tonal value, 
full-tone density, etc. In addition, a photograph for visual assessment of prints was included. To be able 
to objectively compare the color differences of prints, spectrophotometric measurements of color strips 
were also made and analyzed.

 

 

Colour Management for High Quality Reproduction on 
Uncoated Papers 

Maja STRGAR KURECIC, Lidija MANDIC, Ante POLJICAK, Diana MILCIC 

Faculty of Graphic Arts, University of Zagreb 

ABSTRACT 
The goal of this research was to establish the consistent and predictable workflow from the 
screen to the print on uncoated paper, taking into account specific constraints of the 
substrate and the reproduction process. The substrate is a major factor in determination of 
the attainable full-tone density and affects the reproducible color contrast, which both have 
a large impact on overall print quality. The specific restrictions on uncoated paper are 
determined by a rough surface on which there is always a large dot gain, reduced relative 
printing contrast compared to a print on coated paper, as well as the reduced gamut of 
colors that can be reproduced. By implementing color management ICC profiles 
characterized for specific uncoated printing substrate and by conducting proposed 
correction methods in the prepress, as well as optimizing the thickness of ink in printing, it 
is possible to achieve high quality color reproduction. 

In the experimental part of this work special test target was designed and printed in offset 
on three different types of uncoated paper and one type coated paper. The test target was 
composed of ten types of color strips for instrumental measurements of dot gain, relative 
printing contrast, raster tonal value, full-tone density, etc. In addition, a photograph for 
visual assessment of prints was included. To be able to objectively compare the color 
differences of prints, spectrophotometric measurements of color strips were also made and 
analyzed. 

1. INTRODUCTION 
In recent years, the appeal of uncoated paper has undergone a dramatic image change in the 
eyes of designers and printers, contributing to the growing demand for uncoated stock. 
There is a wide range of high quality uncoated paper on the market today, available in 
many different textures, colours, weights and finishes. Because of their tactile properties 
and natural surface, uncoated paper creates a much stronger impression and lasting value 
compared to coated paper. On the other side, coated paper has an advantage in the 
standardised reproduction process and achieves higher quality printing results. The 
challenge is to ensure that uncoated print results are able to match the performance of 
colour prints on coated paper.  

Each production step and each production device in the reproduction workflow can be a 
source of error. Figure 1. shows typical production steps of prepress to print where colour 
and tone value variations can occur.  

The two main reasons of colour differences are the tone value increase (dot gain) and 
overprint changes (colour balance). On uncoated paper, the ink dots are absorbed slowly 
into paper surface and dots expands in size (dot gain). This makes the dots less sharp and 
colours slightly dull. Without proper corrections and compensations in the prepress the 
images printed on uncoated paper look darker, with colours not as clean, saturated and 
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bright as they could be. Also, dark areas often lose details and have low contrast. 
Incorrectly done prepress can affect the stability in the press, prolonged ink drying times 
and problems like set-off and smearing, both in press and in binding.  

 
Figure 1: Production workflow 

To keep the digital reproduction under control it is essential to regularly record and 
evaluate the colour and tone value variations. The most important things when printing on 
uncoated paper are: minimizing the dot gain and controlling the ink density. The tone value 
progression (RTV) should be checked in at least ten different halftone steps from 0% - 
100% in every process colour. Also, 2- and 3-color overprint should be checked for 
controlling the grey balance. The transfer processes between different phases of prepress 
and printing is described by characteristic tone curve. It contains a great amount of 
information about the tone gradations from paper colour to solid tone. A distinction is 
made between characteristic tone curves for printing plates, proofs and printing.  

Implementing Colour Management into the production workflow makes the exchange of 
colour data more consistent and predictable. The first step towards the standardisation of 
reproduction process is calibration of all equipment used in the graphic chain. That means 
taking it to a chosen operating state and ensuring that it remains in this state. Second step is 
characterization (profiling) which quantifies the colour space, colour gamut, or colour 
behaviour of the particular device under known conditions. When all devices are both 
calibrated and characterized it is possible to convert colours back and forth depending on 
the need and production workflow. This could be soft or hardcopy proofing.  

2. METHOD 

In the experimental part of this work a special test target was developed and printed in sheet 
fed offset machine on three different types of uncoated paper and one type coated paper. 

2.1 Test Target Development 
Special test target was developed for the process control and for evaluation of print quality 
on uncoated papers. Target consists of control elements for checking most important 
parameters by instrumental measurements and by visual control (Figure 1). The size of the 
target is adjustable to the standard formats of offset printing machines. All elements of  the 
test target were designed in Adobe InDesign and Adobe Photoshop applications. File 
conversion was made with output Fogra Uncoated 29 profile.  
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Figure 1: The test target 

Each element of the test target was designed to higlight a particular aspect of the 
printing process. The main elements were: colour patches with primary colours in different 
combinations and with different RTV values, and with different UCR and GCR shares, 
patches with tone values from 0% - 100% in ten different halftone steps in every proces 
colour and the strip with continious tone, strip with minimal (0,5% - 5%) and maximal 
(99,5% - 95%) RTV, four color matrix for visual assessment of grey balance, photos 
reproduced with standard and custom profile, typographic elements from 2pt - 18pt, etc. 

2.2 Preparing and Printing Test Target 
The rasterization process was done with Harlequin Navigator RIP, Version 9. Offset plate 
(Thermostar P970) was exposed and processed with CTP system Luescher Xpose! 230 
Thermal. Target was printed with Heidelberg Speedmaster 74-4-P3-H sheetfed offset 
machine. Offset ink used was Inkredible Resista (Michael Huber-Munchen). Coated paper 
used was Artic volume white (150 g/m2). Three different uncoated papers used were: 
Munken Lynx (170 g/m2), Munken Pure (170 g/m2) and Maestro print (140 g/m2). 

2.3 Measurement Procedure  
Spectral measurement of colour paches were conducted using Gretagmacbeth Eye-one Pro 
spectrophotometer in accordance with the ISO 13655 standard. The illumination corespond 
to D50, measurement geometry was 0/45, 2q observer. For process control during the print 
run black backing was used and dry ink was measured. For visual observation of prints 
Gretagmacbeth The Judge II light testing box was used under standard illuminant D50. The 
parameters observed were: coloure balance (colour tone), image gradation (lighter/darker), 
contrast range (high/low contrast) and register.  
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3. RESULTS AND DISCUSSION 
Due to the large amount of results obtained, here will be presented only those that show the 
greatest differences in reproduction between different types of paper. Some of the results 
obtained by spectral measurement are shown in the Tab 1, Tab 2, and Fig 2.  

Table 1. CIELAB colour values for solid tones of primary and secondary colours for offset 
printing on two paper types (one coated and three uncoated papers) compering to standard 

ISO 12647 values. 

 
 ISO 12647 (PT 2) Arctic Volume 

White 150 g/m2 ISO 12647 (PT 4) Maestro Print 
140 g/m2 

Munken Lynx 
170 g/m2 

Munken Pure 
170 g/m2 

                   
K                   
C                   
M                   
Y                   
R                   
G                   
B                   
W                    

 

Table 2. Density values for quarter tones measured on prints (dry ink) printed on two 
paper types (one coated and three uncoated papers). 

 
 

Arctic Volume White  
150 g/m2 

Maestro Print 
140 g/m2 

Munken Lynx 
170 g/m2 

Munken Pure 
170 g/m2 

RTV %                 

K                 
C                 
M                 
Y                 

 

 
Figure 2: Comparison of colour gamut obtained on different types of paper plotted in 

CIELAB diagram. 
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Even though the numbers show that the print on uncoated papers does have a smaller 
densities and reduced colour gamut, our eyes can percieve the image to be similar to the 
orignal through good procesing. This research show that image adjustments made in 
prepress can improve percieved quality of prints on uncoated papers. Image adjustments 
should be conducted in the controled conditions on calibrated monitor by applying the 
simulation of paper colour and the output device profile. The paper type settings, together 
with an ICC profile, is fundamental to the whole process of prepress. It is recommended to 
adjust the density of an image by adjusting tone curves. By reducing the mid-tones and 
three-quarter tones by 12-15% the dot gain could be compensated. Also, important parts of 
an image should not involve tone values that lie outside the printable tone value range. 
Printable tone range for uncoated paper is from 4% for highlights dots to 85% for the 
darkest shadows. Total ink coverage (TIC) must be decreased to suit uncoated paper. It 
should not be over 280%. Too high TIC without proper curve compensation can result in 
ink set-off and drying problems. It is important to check that the ICC profile has the correct 
TIC value. By using the Under Colour Removal (UCR) or Gray Component Replacment 
(GCR) methods when defining the separations it is possible to reduce the TIC without 
detracting from the image’s quality and achieving a more even degree of inking. Also, 
screen ruling should not be too high. Recommendation is to use 80-120 lpi for high bulk 
paper and 133-150 lpi for low bulk paper.   

4. CONCLUSIONS 
Offset printing is an unstable printing process and there is high potential for saving costs 
and time by standardisation. By folowing the propositions of the graphic industry printing 
standard ISO 12647 for adjustments acording to five predefined paper types and by using 
paper ICC profile depending on the output media, it is posible to secure and stabilise the 
reproduction process and printing quality. But, even though using the ICC profiles will 
help in many ways, it must be stated that every profile will have some level of 
generalization.  In some cases, when high quality level is required, the specific (custom) 
profile, that will handle a specific offset press and a specific paper quality, should be used. 
It implies fine-tuning the system by customizing curves for particular paper/ink/print 
conditions.  

The research show that well-planed and prepared separations are crucial for the quality 
of the print on uncoated paper. Adjustments made in the prepress, concerning the dot gain, 
contrast, saturation, colour balance and total ink coverage, sets the main quality level on 
the end results. The only thing that can be optimized during printing, if needed, is ink film 
thickness. Uncoated paper needs more ink to reach the same density as on a coated paper. 
A general recommendation for uncoated paper is to lower ink density to avoid over inking. 
But, if the prepress is done correctly and the total ink coverage is low (250-260%), the ink 
density can be kept relatively high without the risk of over inking. This will provide more 
colourful image.  
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ABSTRACT
In the fields of digital archive of buildings, high quality walk-through rendering method is 

required. To walk around various places with viewing landscape, we develop a rendering method for 
buildings with scene illumination. The rendering method need to render precise lighting, shading, 
gross and soft shadow et al. in the real scene illumination. For the realistic rendering, the system 
needs to calculate illumination distribution characteristics in the scene and light reflection process 
on an object precisely. Moreover, it is important that the CG rendering system can reproduce scene 
i mination reci e   t e con entiona  a e  ren ering tec ni e  it i  i fic t to ca c ate 
scene illumination precisely. Because multi-spectral information is physical data peculiar to an object, 
the multi-spectral data is independent of color device such as a camera.

This paper describes a real-time CG rendering method for building with scene illumination data. 
However, the multi-spectral scene rendering method with high accuracy scene illumination information 
needs a huge amount of calculation processing time. Therefore, we improve rendering performance of 
multi-spectral rendering system with omnidirectional illumination data.

ir t  e e e o  a cene ren ering tem it  m ti ectra  re ection mo e  inc e m ti
ectra  omni irectiona  i mination ata  e i mination ata i  mea re  it  fi e e en  an  

digital camera. The illumination data is generated as multi-spectral omini-directional image.
Second, to reduce the time for rendering processing of scene illumination, we develop a real-

time rendering method for implementing to Graphics Processing Unit (GPU). Moreover, we render 
a building with a rendering method based on Image Based Lighting (IBL). To improve rendering 
performance, we develop a multi-spectral irradiance map from the multi-spectral omni-directional 
image for GPU. And also we develop a data compression algorithm for multi-spectral data for 
improving resolution and performance. 

ina  to confirm a i it  o  t e ro o e  met o  agano ni er it  cam  i  ren ere   
proposed method. And also, we compared CG reproduced image to the real scene. The rendering and 
experimental results will be described in AIC proceedings.
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ABSTRACT 
This paper describes a real-time CG rendering method for building with scene illumination 
data. However, the multi-spectral scene rendering method with high accuracy scene 
illumination information needs a huge amount of calculation processing time. Therefore, 
we improve rendering performance of multi-spectral rendering system with 
omnidirectional illumination data. First, we develop a scene rendering system with multi-
spectral reflection model include multi-spectral omnidirectional illumination data. The 
illumination data is measured with fish-eye lens and digital camera. The illumination data 
is generated as multi-spectral omini-directional image. Second, to reduce the time for 
rendering processing of scene illumination, we develop a real-time rendering method for 
implementing to Graphics Processing Unit (GPU). Moreover, we render a building with a 
rendering method based on Image Based Lighting (IBL). To improve rendering 
performance, we develop a multi-spectral irradiance map from the multi-spectral omni-
directional image for GPU. Finally, to confirm validity of the proposed method, Nagano 
university campus is rendered by proposed method. And also, we compared CG 
reproduced image to the real scene.  

1. INTRODUCTION 
In the fields of digital archive of buildings, walk-through rendering method is required. To 
walk around various places with viewing landscape, we develop a rendering method for 
buildings with scene illumination. The scene illumination is very important for object 
color[1]. The rendering method need to render precise lighting, shading, gross and soft 
shadow et al. in the real scene illumination [2]. For the realistic rendering, the system 
needs to calculate illumination distribution characteristics in the scene and light reflection 
process on an object precisely[3][4]. Moreover, it is important that the CG rendering 
system can reproduce scene illumination precisely[5]. By the conventional RGB-based 
rendering technique, it is difficult to calculate scene illumination precisely. Because multi-
spectral information is physical data peculiar to an object, the multi-spectral data is 
independent of color device such as a camera. 

This paper describes a real-time CG rendering method for building with scene 
illumination data. However, the multi-spectral scene rendering method with high accuracy 
scene illumination information needs a huge amount of calculation processing time. 
Therefore, we improve rendering performance of multi-spectral rendering system with 
scene illumination data. We develop a scene rendering system with multi-spectral 
reflection model include multi-spectral scene illumination data. The illumination data is 
measured with digital camera.  

Second, to reduce the time for rendering processing of scene illumination, we develop a 
real-time rendering method for implementing to Graphics Processing Unit (GPU). And 
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also we develop a data compression algorithm for multi-spectral data for improving 
resolution and performance. Finally, to confirm validity of the proposed method, Nagano 
university campus is rendered by proposed method. And also, we demonstrated walk-
through in the campus scene.  

2. DIGITAL ARCHIVE METHOD 

2.1 Measuring Structure 
In this study, we need a real-time rendering speed for providing the presence that a user 
experiences. To render a high quality CG image of a structure while reducing the number 
of polygons, we develop rendering system for digital archivine of structures. To efficiently 
display 3D CG of structure with high accuracy using required minimum measured data by 
performing required minimum 3D vertex measurement. The dimension of the structure is 
measured by using laser distance meter. And also, the equipment such as furniture in the 
room is measured by using digital camera. The size of equipment is measured by using  
measure and image data. To make up for 3D vertex data shortage, the texture mapping is 
used for describing object surface material.Figure 1 shows measurement scene of  interior 
dimensional size of the building and its equipment in the room. Figure 1(a) shows laser 
measurement of internal dimention of buildings. Figure 1(b) is measurement process of 
equipment in the room. The equipment is measured 3D verstex as 3D shape and its texutre 
image. It is synthesized for each measurement data to generate a composed CG data of the 
equipment. 

 

 
            (a) Interior dimention of building            (b) Equipment in the room 

Figure 1. Measurement of the building and equipment 
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2.2 Multi-spectral model 
Figure 2 shows scene illumination in a building. In this study, he scene illumination is 
described as spectral distribution of light source and object surface reflectance. We 
propose a method for estimating spectral distribution based on statistical method with color 
patches and a spectrophotometer. In this method, we assume that principal illumination in 
the scene consist of one type light source. We described the spectral information as 61 
dimensional vector that is sampled at 5nm intervals in the visible light wavelength region 
(400-700nm). To estimate the spectral distribution of light source in the scene illumination, 
we developed multi-spectral camera model. In the model, the estimated spectral 
distribution e is described as  

  e ρM  (1) 

whereρ is camera output. M is 3×3 translation matrix. Λ and Ρ  are 61×m matrix of m-
tuple spectral distribution and 3×m matrix of m-tuple camera outputs, respectively. t is 
61×3 matrix of camera sensitivity. The relation of these matrixes is described as  Ρ Λt . 
We estimated t as � t Λ Ρ   using pseudo inverse matrix �Λ    of matrix Λ . Then, 3×1 matrix 
e of the spectral distribution of light source can be estimated as 1T T � e ρ t  using inverse 
matrix 1�t  of t. The translation matrix M is described as t. 

 
Figure 2. Multi-spectralscene illumination in the building 

3. RENDERING METHOD 
Figure 3 shows proposed multi-spectral rendering system. The multi-spectral real-time 
rendering system was developed for digital archive data for the building. In this system, 
the rendered CG image is based on multi-spectral image rendering. The CG images are 
precisely created under an ambient light environment in the scene. The system is 
developed as interactive walk-through system in the building. And also, the whole scene is 
modelled as multi-spectral scene light reflection model. In this study, the color signal of 
the visual system is calculated from the reflection model and illumination map. Therefore, 
the object color is calculated from the color signal and CIE color matching function  

( ), ( ), ( )x y zO O O  as a tristimulus value (CIE XYZ), which is computed as follows.  
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 The tristimulus value is independent of any display device. To render the RGB value 

precisely, we must calibrate the display device. The device RGB of the color display is 

obtained from the XYZ value via a transformation matrix and gamma correction, which 

collectively specify the intrinsic values of the display device. These values are estimated 

by measuring the corresponding relationship between the tristimulus and device RGB 

values, with a spectral radio photometer (TOPCON TECHNOHOUSE SR-3A-L1). The 

proposed method is implemented on a GPU, assuming a color monitor as the display 

device. 

 

 

Figure 3. Multi-spectral rendering system with scene illumination data. 

4. EXPERIMENTAL RESULTS 
The proposed method was applied to digital archive of Nagano university campus. Once 

all vertex and texutre datas were estimated, we could reproduce the object in 3D CG of 

campus scene. Thus, we rendered the object shown in Figure 4. We have compared the 

reproduced CG with the picture of the real scene. Figure 5 shows rendering results at 

various location in Nagano University. 
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4. EXPERIMENTAL RESULTS 
The proposed method was applied to digital archive of Nagano university campus. Once 

all vertex and texutre datas were estimated, we could reproduce the object in 3D CG of 

campus scene. Thus, we rendered the object shown in Figure 4. We have compared the 

reproduced CG with the picture of the real scene. Figure 5 shows rendering results at 

various location in Nagano University. 

 

 

 

  
Figure 4.Renderingu results(comparison between Original Scene and Reproduced CG) 

  

 . 

.  

Figure 5. Rendering results at various location in f Nagano University. 

4. CONCLUSIONS 
This paper described a real-time CG rendering method for building with scene illumination 
data. We improved rendering performance of multi-spectral rendering system with scene 
illumination data. The multi-spectral scene rendering method with high accuracy scene 
illumination information needs a huge amount of calculation processing time. First, we 
proposed method reducing 3D shape data without lowering image quality. Second, to 
reduce the time for rendering processing of scene illumination, we develop a real-time 
rendering method for implementing to Graphics Processing Unit (GPU). Finally, to 
confirm validity of the proposed method, Nagano university campus is rendered by 
proposed method. And also, we compared CG reproduced image to the real scene.  
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Color Mapping between a Pair of Similar Facial Images with and 
without Applying Cosmetics

Lin LU, Hung-Shing CHEN and Neng-Chung HU
Graduate Institute of Electro-optical Engineering, National Taiwan University of

Science and Technology, Taiwan

ABSTRACT
Computer software is developed to perform color mapping between a pair of similar facial 

images before and after applying cosmetics in this study. An image-based color palette will be a better 
choice to achieve high image quality for displays [1]. However, it is difficult to analyze facial color 
differences between a pair of similar facial images of the same person shot two times by a digital 
camera, because the facial looks in a person before and after applying makeup could slightly change.

e a fine tran ormation [2] is utilized to match a pair of facial image outlines before and after 
a ing co metic  e o  o  acia  co or ma ing i  emon trate  in ig re  t main  con i t  o  
the following parts of triangulation, image morphing and color different calculation.

e fir t te  i  triang ation   c oo ing e era  eat re oint  c  a  corner  o  e e an  
lip, cusps of nose etc.) in the pair of facial images by optical mouse clicking respectively. Then 
triangulation can be performed in the pairs of facial images. Subsequently, we can use image morphing 
technology based on affine transformation to match the outline of the sense organs in facial image 
before applying cosmetics to the one after applying cosmetics. 

e conce t o  a fine tran ormation i  a  o o ing  en a triang e T1 has 3 vertices V1,V2,V3  and 
the point V is in the T1   it can e e re e   ation  ere ore  in t e ane a  t e coe ficient  
(C1,C2,C3) can be expressed by another triangle T2 which vertices are W1,W2,W3 can also satisfy 
Equation 2. So the point W inside the triangle T2 can e ca c ate   t e coe ficient  C1, C2, C3), as 
expressed by Equation 2.

V=C1V1+C2V2+C3V3

     C1+C2+C3=1
     C1,C2,C3>0     (1)
  　W=C1W1+C2W2+C3W3   (2)

After image morphing finished, the 8-RGB values of each pixel in the images that are no 
cosmetics and applied cosmetics, are converted to XYZ values based on sRGB encoding, respectively. 
Then the corresponding L*a*b* values are also calculated. Finally, the facial color difference map 
et een t em i  generate    co or i erent *

94  e fina  re t  i  e re orte  in t e  
paper. 

Reference
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154-168. 2014.
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Color mapping between a pair of similar facial images 
with and without applying cosmetics 

Lin Lu, Hung-Shing Chen, Neng-Chung Hu 

Graduate Institute of Electro-optical Engineering, National Taiwan University of  
Science and Technology, Taiwan 

ABSTRACT 

The aim of this study is to develop an automatic facial makeup technology, which can 
make a raw facial image reproduce the preferred cosmetic colors according to the chosen 
facial color template. The developed facial makeup method named Facial Color Morphing 
Algorithm (FCMA). Discriminative Response Map Fitting (DRMF) was also introduced to 
find the main facial organs (e.g. eyes, nose, mouth etc.) and the face outline. The facial 
image was divided by a series of triangles according to the facial feature points detected by 
DRMF. In addition, affine transformation and bilinear interpolation are applied to perform 
facial skin-color mapping between the test image and the morphing image. The simulated 
results indicate that our developed algorithm works well in representing preferred facial 
colors.  

1. INTRODUCTION 

    An image-dependent color palette will be a better choice to achieve high image quality 
for displays (Chen et. al., 2014). However, it is difficult to analyze facial color differences 
between two similar facial images. In this study, image morphing technology (Howard 
Anton, 2005) is applied to map facial colors between the pair of faces which have a little 
different shapes. Besides, Discriminative Response Map Fitting (DRMF) (Asthana A. et 
al., 2013) is used to find the feature points of a human face. The aim of this study is to 
develop an automatic facial makeup technology, which can make a raw facial image 
reproduce the preferred cosmetic colors according to the chosen facial color template. The 
experimental schematic is shown in Figure 1.  

 
                                                                 (FCMA:  Facial Color Morphing Algorithm)  

Figure 1: Experimental schematic 

645
AIC2015 TOKYO - Color and Image



 

 

2. METHOD 
Figure 2 demostrates the experimental flowchart in this study. The test image is defined as 
a raw image without cosmetics, and it is desired to make up her new face according to the 
chosen facial color templates. The simulated makeup results are mainly achieved by our 
developed algorithm, named Facial Color Morphing Algorithm (FCMA). 

 
Figure 2: Experimental flowchart 

2.1 Test Image and Facial Color Template 
A test image, which is the raw face of a young woman without makeup (Figure 3(a)), is 
inputted into the FCMA. Also two template images with cosmetics of the young models 
are found from the website, which are seen as facial color templates (Figure 3(b)-3(c)). It is 
hoped to makeup the test image more pleasant to approach a similar skin color appearance 
to the chosen facial color template. 

(a)  (b) (c)  

Figure3: Test image and template images; (a) test image,(b) and (c) facial color templates 

2.2 Face Detection and Transformation 
DRMF was applied to execute the facial feature point detection for the test image and the 
template image, respectively. As shown in the example of Figure 4(a), the red points 
represent the feature points of a facial image found by DRMF. It can be observed that most 
of the feature points almost cover the main facial organs (e.g., eyes, nose, mouth etc.) and 
the face outline. 

When the feature points of the test image and the template image were found by 
DRMF, we let all feature points in an image produce feature line connections between a 
pair of the nearest points, and these feature lines do not cross each other. Finally, an image 
can be divided into a series of polygon grouped with many triangles (Figure 4 (b)) by face 
triangulation. Notice that numbers and orders of inner triangles between the test image and 
the template image should be equal. 
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 (a)   (b) 

Figure 4. Face detection; (a) feature points in test image (b) face triangulation 

2.3 Image Morphing 

Image morphing is performed in the template image mainly, which concept is based on 
affine transformation (Figure 5(a)). When a triangle T1 in one image has three vertices 
𝑉𝑉!,𝑉𝑉!,𝑉𝑉!  and the point 𝑉𝑉 is in T1, then it can be expressed by Equation 1. Therefore, the 
coefficients (𝐶𝐶!,𝐶𝐶!,𝐶𝐶!) can be expressed by a triangle T2 in the other image, which vertices  
𝑊𝑊!,𝑊𝑊!,𝑊𝑊! can also satisfy Equation 2. So the point 𝑊𝑊 inside the triangle T2 can be 
determined by the coefficients(𝐶𝐶!,𝐶𝐶!,𝐶𝐶!). The point 𝑉𝑉 and point 𝑊𝑊 have a unique relation 
in affine transforming process. 

    

𝑉𝑉 = 𝐶𝐶!𝑉𝑉! + 𝐶𝐶!𝑉𝑉!+𝐶𝐶!𝑉𝑉!
𝐶𝐶! + 𝐶𝐶! + 𝐶𝐶! = 1
𝐶𝐶!,𝐶𝐶!,𝐶𝐶! > 0

                 (1)     

    𝑊𝑊 = 𝐶𝐶!𝑊𝑊! + 𝐶𝐶!𝑊𝑊!+𝐶𝐶!𝑊𝑊!                 (2) 

    When all triangles in an image are computed by affine transformation, then image 
morphing is finished. The morphing example is shown in Figure 5 (b). The left part is the 
original image, and the right part is the morphing result. Note that they have the same 
facial shape of the test image, but different facial colors at this stage. 

 (a)           (b) 

Figure 5: (a) Triangulation and interpolation, (b) Images before and after affine 
transformation 

     During image morphing processing, the calculated (x, y) position at point 𝑊𝑊 in Figure 
5(a) calculated may not integer value. If the point W is selected as the position with the 
nearest calculated integer value, it could lead a morphing result unsmooth. Therefore, 
bilinear interpolation is suggested to solve this problem. As shown in Figure 6, bilinear 
interpolation based on four nearest points was used to perform interpolation points of all 
mapped RGB pixels (see Eq. 3). It is expected that the morphing image become smoother. 
In Equation 3, 𝑥𝑥!    and 𝑦𝑦!  mean the location of a pixel needed to interpolate. The 
combinations of 𝑥𝑥!, 𝑥𝑥!, 𝑦𝑦! and 𝑦𝑦! are the locations of four points which are nearest (𝑥𝑥!, 𝑦𝑦!). 
𝑓𝑓(𝑥𝑥,𝑦𝑦) means the RGB values located on z axis corresponding to the position (𝑥𝑥,𝑦𝑦). 
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Figure 6: Bilinear Interpolation 

3. RESULTS AND DISCUSSION 

As shown as the example in Figure 7, which are the results based on affine transformation 
and DRMF, but with two kind of interpolation methods. The left part is the nearest 
interpolation, and the right part is bilinear interpolation. We can observe that the edges of 
eyes and mouse are not smooth in the left images, but smoother edges appear in the right 
images. Therefore, the morphing images using bilinear interpolation are suggested in this 
study. 

 
Figure 7 : Image interpotation comparisons; the nearest interpolation (left part) and 

bilinear interpotation (right part) 

Image color differrences were calculated by ΔE*
94 color different formula between the 

test image and the morphing image. Referring to sRGB standard, the 8-bit RGB values of 
all image’s pixels were transformed into XYZ tristimulus color space, then their XYZ 
value were transformed into L*a*b* color space. When a test image and a morphing image 
are compared (Figure 8), the color difference map indicates there is a large area with ΔE*

94 
range of 0 to 5. However, there are several coutour areas with larger color different values 
(e.g., ΔE*

94> 7). Therefore, coutour smoothing is necessay to solve this problem. 

         
           (a)          (b)           (c) 

Figure 8 : Facial color mapping results : (a) test image, (b) morphing image, (c) color 
differeence map 

As shown in Figure 9, the sub-images (a), (c) and (e) are the results before smoothing 
in ΔL*, Δa* and Δb* channel respectively, and (b), (d) and (f) are the results after 
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smoothing in ΔL*, Δa* and Δb* channel respectively. We can observer that ΔL*, Δa* and 
Δb* channels before smoothing have a little strong contours. Therefore, the Gaussian blur 
filter is introduced into the initial morphing result to smooth large color differences in the 
coutour area. The ΔL*, Δa* and Δb*channels after smoothing show much smoother results 
than the ones before smoothing. Then the smoothed ΔL*, Δa* and Δb* channels are added 
to the original L*, a*, b* channels again to restore a new facial image. Note that the eyes 
parts in a new face are still kept the same as the origial. Finally, Table 1 arranges the 
results that test facial image mapped by two facial template colors, which are (a) test 
image, (b) template color image, (c) color mapping result, (d) optimized mapping image 
and (e) color difference map.  

 

 
(a)                        (b)                              (c)                        (d)                              (e)                        (f) 

Figure 9: ΔL*, Δa* and Δb* channels; (a), (c) and (e) are before smoothing, (b), (d) and (f) 
are after smoothing 

Table 1: Facial color mapping results 
(a) Test 

image 
(b) Templete 

color 
(c) Color 

mapping result 
(c) Optimized 

image 
(d) Color difference 

map 

 

    

    
 

4. CONCLUSIONS 

In this study, we developed an automatic facial makeup technology named Facial Color 
Morphing Algorithm (FCMA), which can make an original facial image without makeup 
reproduce the preferred cosmetic colors according to the facial color template database. 
Discriminative Response Map Fitting (DRMF) was also introduced to find the main facial 
organs (e.g. eyes, nose, mouth etc.) and the face outline information. In addition, affine 
transformation and bilinear interpolation was applied to perform facial skin-color mapping 
between the test image and the morphing image. The simulated results indicate that our 
developed algorithm works well in representing preferred facial images.  
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ABSTRACT
In recent years, printing for applications such as advertising and presentations are working to 

improve the quality of such to reduce the colour variation, which includes the use of colour standards 
c  a  a an o or  tan ar  a e  on S  an  t e certification o  or t eir o erationa  

standards are utilizing.
However, for reasons that determined by the colour difference between the target colour of 

co o r tan ar  an  eac  o t t co o r  t e certification a  een a ro em  can not e  ti i e  
the colour reproduction capability of the wide colour gamut the printer can not be applied further to a 
narrow gamut printer. Furthermore, when performing advertising through multi-media with the colour 
gamut of different reproduction systems such as signage displays or inkjet or offset printing, designer 
or prepress process is in colour adjustment of each colour reproduction consistently or to look for 
similar colours.

I’d like to report the results of hypothesis testing that using the most encompassing display 
reference by assuming the printer with a variety of colour gamut, ‘consistent colour appearance’ 
including the reproduction color and tone reproduction, whether can be achieved by development by 
subjective evaluation approach.

Thus, the multi-color ink-jet with a wide colour gamut to the newsprint with a narrow colour 
gamut, ‘consistent colour appearance’ can be realized, thereby enhancing the value of future digital 
printing by lead to automation.

 

 

The consistent color appearance based on the display-referred 
Yasunari KISHIMOTO,1 Hitoshi OGATSU,1 Hirokazu KONDO2 

1 Key Technology Laboratory, Fuji Xerox Co., Ltd. 
2 Imaging Technology Center, FUJIFILM Corporation 

ABSTRACT 

We report the results of testing of our hypothesis that using the largest gamut display as a reference 
and by producing colours to printers with different color gamuts, the use of a ‘consistent color 
appearance’ rendering including color and tone reproduction produces optimal results. The results 
obtained by two subjective assessments indicate that ‘consistent color appearance’ for various 
gamut sizes, from multi-color inkjet with a wide color gamut to newsprint with a narrow color 
gamut. ‘Consistent color appearance’ will provide an automatic process which enhances value of 
future digital printing. 

1. INTRODUCTION 

In recent years, printing for applications such as advertising and presentations are working to 
improve their quality and to reduce their color variation. This includes the use of color standards 
such as JapanColor, and the certification body. However, color differences between the target color 
gamut of the color standard and each output color gamut has been a problem as users can not fully 
utilize the color reproduction capability of wide color gamut printers and in addition them can not 
appliy to a narrow gamut printer. As shown in Fig. 1 and Fig. 2 (Case 2) the input images in the 
traditional offset print workflow (ISO 12647-2) are restricted to a standard color gamut such as 
JapanColor for color matching with the use of a print reference (ISO 22028-1). The characterized 
reference printing conditions (CRPCs, CGATS.21-2 2013) were specified as standard seven 
printing conditions from multi-ink wide color gamut printing to coldset inks for newspaper printing 
(narrow color gamut). These are intended as the basis for similar looking color for a variety of 
printing systems with print reference. They pay particular attention to gray balance and operational 
stability to produce similar results. Johan Lammens (2004) reported that the CMYK input images 
should apply color re-rendering following color rendering to the intended printing system for 
effective use across a variety of printing systems. In some cases it is important for a variety of 
printing systems to have a display reference and cross-media reproduction is often used as shown in 
Fig. 2 (Case 3). The International Color Consortium (ICC) has developed the concept of ‘consistent 
color appearance’ which should have a balance between color matching and consistent tone 
reproduction across multiple devices. Similar concepts are being studied in CIE Reportership R8-13 
that it is include ITU-R BT. 2020 wide gamuts (Andreas Kraushaar 2013, Paul Sherfield 2013, CIE 
156 2004). Furthermore, when preparing advertising for multiple media, the color gamut of 
different reproduction systems such as signage displays, inkjet or offset printing, the designer or 
prepress process involves making color adjustment of each color reproduction manually. 
 

 
 

 
 

Figure 1: Examples of a standard traditional printing workflow based on CMYK print-referred. 
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Figure 2: ICC color re-rendering as described in the ICC White Paper 42 update (2014). 

This approach achieves a similar look between the display reference and the prints. Few reports 
are available on achieving a similar look between the display reference and prints from a variety of 
printing systems. This paper describes the results of an investigation of consistent color appearance. 
When color reproductions show highest similarity between the display reference and each print, and 
across the set of prints, when viewed under a common viewing condition they have by definition a 
'consistent color appearance'. Similarity is judged by subjective assessment.  

2. METHOD 
We built the following hypothesis to test whether consistent color appearance is achieved based on 
a display reference. When display reference and outputs of respective printer have a similar looking  
image (color and tone) in a common viewing condition based on the common color reproduction 
aims (re-targeting of the display reference), outputs of all printer have a similar look. First, 
fundamental output colors corresponding to a limited number of common target colors (input color) 
are obtained by a full search of the colors on the reference images the can be producted by each 
printer. The number of colors is affected by the performance of experimental redering. Second, the 
new retargeting rendering is developed from fundamental output colors in each printing condition. 
Finally, we examined whether the same output was chosen as the preferred rendering by two 
subjective assessments. 

2.1 Repeating subjective assessment and development of new retargeting rendering 
The subjective assessment verified the closeness of appearance between the display reference image 
and all available print sample and judged its closeness of appearance. The reference images were 
selected as s set of images that covered the input color space. In addition, the assessment was 
limited to the relationship of a set of key image colors. New guidelines were made for fundamental 
output colors based on the result of the assessment. Common target colors were added as 
appropriate until the appearance of the two images looked similar. We repeated the process of 
making new print samples from fundamental output colors using the new guidelines and conducting 
this assessment until we judged the appearance of the image to be the nearest possible. This 
experiment was repeated even when multiple color gamuts of different printer and paper 
combinations. 

 

652
AIC2015 TOKYO - Color and Image



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: ICC color re-rendering as described in the ICC White Paper 42 update (2014). 

This approach achieves a similar look between the display reference and the prints. Few reports 
are available on achieving a similar look between the display reference and prints from a variety of 
printing systems. This paper describes the results of an investigation of consistent color appearance. 
When color reproductions show highest similarity between the display reference and each print, and 
across the set of prints, when viewed under a common viewing condition they have by definition a 
'consistent color appearance'. Similarity is judged by subjective assessment.  

2. METHOD 
We built the following hypothesis to test whether consistent color appearance is achieved based on 
a display reference. When display reference and outputs of respective printer have a similar looking  
image (color and tone) in a common viewing condition based on the common color reproduction 
aims (re-targeting of the display reference), outputs of all printer have a similar look. First, 
fundamental output colors corresponding to a limited number of common target colors (input color) 
are obtained by a full search of the colors on the reference images the can be producted by each 
printer. The number of colors is affected by the performance of experimental redering. Second, the 
new retargeting rendering is developed from fundamental output colors in each printing condition. 
Finally, we examined whether the same output was chosen as the preferred rendering by two 
subjective assessments. 

2.1 Repeating subjective assessment and development of new retargeting rendering 
The subjective assessment verified the closeness of appearance between the display reference image 
and all available print sample and judged its closeness of appearance. The reference images were 
selected as s set of images that covered the input color space. In addition, the assessment was 
limited to the relationship of a set of key image colors. New guidelines were made for fundamental 
output colors based on the result of the assessment. Common target colors were added as 
appropriate until the appearance of the two images looked similar. We repeated the process of 
making new print samples from fundamental output colors using the new guidelines and conducting 
this assessment until we judged the appearance of the image to be the nearest possible. This 
experiment was repeated even when multiple color gamuts of different printer and paper 
combinations. 

 

 

 

As a result, we obtained a set of common target colors for multiple gamuts, and as shown in Fig. 
3 and used these to develop a new retargeting rendering. The rendering is composed of two steps: 
(1) generate common appearance between the display reference and prints without considering 
gamut limitations (the common color reproduction), and (2) to control influence of the gamuts. In 
the common color reproduction, the relative Y matching (Rel.-Y) can maintain colors of highly 
sensitive color for skin tones, gray balance and so on with different output systems and paper types. 
Except for color close to the display white point, the effect of the Rel.-Y is superior to ICC absolute 
colorimetric reproduction and ICC relative colorimetric reproduction (ISO 15076-1 20124), because 
the luminance of display white point is close to the luminance of the paper white point in the 
viewing environment condition. This confirmed from not only our experimental data but also some 
market data. If the colors close to the white point in display system become out of gamut colors 
using Rel.-Y, they are adjusted in the consistent color rendering. 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Schematic diagram showing a new retargeting rendering for 1) the common color 
reproduction without gamut limits, and 2) consistent color rendering. Using the relative-Y matching 
(Rel.-Y) equation, Xp, Yp, and Zp is the white point CIEXYZ; X2, Y2, and Z2 is the input CIEXYZ; 

 X3, Y3, and Z3 is the Rel.-Y generated CIEXYZ. 

2.2 Verification Experiment 

The verification examined by using two subjective assessments (Table 1, 2). The first assessment 
was to rank the closeness of the appearance of the images on standard gamut in comparison with the 
display reference, and second assessment was to rank the closeness of the appearance of the images 
between images on standard gamut output and image on wide gamut output.  

Table 1. Assessement conditons. 

 

 

 

 

 

 

 

Test subject 20 persons. 

Environment condition ISO 3664 P2 conditon. 

Display EIZO CG221. 

Test image 4 images (ISO 12640-4 SCID, high chroma 
image, portrait, and landscape). 

Subjective assessment method 7 rank order scales (mentioned in Table 2). 

Appearance of 
displayed color

Potential printing color
(when without gamut limits)

Display model

Physical model for viewing Psychophysical model

Physical model for printing

Fluorescence correction
- Dependent on fluorescence of light
source and others. (XYZ1→XYZ2)

RGB
input

Relative-Y matching
- luminance Y matching of
CIEXYZ media white point
between papers and display

RGB→XYZa

(ICC Profile)

XYZa →Displayed RGB

(EIZO Profile)

Displayed RGB→XYZ

(By measurement)

( ) ( )TT

Zp
Yp

Yp
Yp

Xp
Ypdiag Z2Y2X2Z3Y3X3 ⋅= ),,(

Appearance of
printing color

(display referred)

2) Consistent 
color rendering

- Gamut mapping 
algorithms and others.

Consistent color appearance

1) Common color reproduction
(print referred)

Media black 
point model

Viewing condition

Color data
Viewing parameter

Relative-Y matching
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Table 2. Print sample output conditions. 

 

 

 

 

 

 

 

3. RESULTS AND DISCUSSION 

As shown in Fig. 4, assessment of the average score of 4 images is divided into two groups. The 
group having a low degree of closeness of appearance with the reference image is a default 
condition used with factory setting on a commercial printing system. The group that has a high 
degree of closeness were made by a commercial ICC profile builder. It is suspected that in some 
cases closeness of appearance is achieved using the same algorithm for different printers. The 
proposed rendering showed the best result where the appearance of the image was judged to be the 
closest to display reference. Thus it is possible to achieve consistent color appearance by making 
the print output where the appearance of the image is close to the display reference. 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

Figure 4: The results from the experiment. The (a), (b) and (c) is a condtion of a commercial ICC 
profile builder, the (d), (e) and (f) is a condition using a printer with color gamut corresponding to 

each print output. 

Color gamut 2 gamuts (Standard print, wide gamut by multiple-ink inkjet). 

Paper 2 papers (plain paper, inkjet proofing paper). 

Sample output 

7 samples as combination of 3 methods (Commercial ICC 
profile builder, default condition of the each printing systems, 

and proposed rendering) and 2 printers (above-
mentioned gamuts). 
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4. CONCLUSIONS 

In traditional printing workflow based on CMYK print reference there was a limitation that the full 
colour reproduction capability of a printing system cannot be used Furthermore, when producing 
advertising materials on multiple media designer or prepress process must control each color to look 
for similar colors and the display reference becomes important. Consistent color appearance aims to 
achieve similar output between the display reference and the prints on a variety of printing systems. 
We developed a new retargeting rendering by acquiring basic target color data using repeated 
subjective assessment. The rendering showed the result that the continuity (a color and tone) of the 
image was close visually between the display reference and the prints of two printing systems. Our 
results have demonstrated that the consisitent color appearance is feasible.  
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The Study of Museum Lighting:
The Optimum Lighting and Colour Environment

- the Proposal for the Colour Quality Index -
Yuki NAKAJIMA and Takayoshi FUCHIDA

Graduate School of Joshibi University of Art and Design

ABSTRACT
Background

The lighting environment of a museum is carefully controlled not to give any damage against 
deterioration of artworks. In case of the exhibition of Japanese paintings for example, the illuminance 
level is regulated to constrain at low, under 50 lx in case of the most severe circumstance not to give 
color fade damage as less as possible.

However, at the view point of appreciation of artworks at a museum, low illuminance means the 
decrease of inherent color appearance of the artworks because the artworks will lose brightness and 
colorfulness at low illuminance.

The present ISO/CIE standard for museum lighting recommends that Color Rendering Index 
(CRI) is over Ra80. The lighting environment of a museum is carefully controlled not to give any 
damage against deterioration of artworks. 
Objective

The purpose of this study is to clarify colour rendering properties at low illuminance and also to 
try to develope the new calculating method to evaluate the colour rendering values taking into consid-
eration of illuminance.　 e efine  co or a it  in e  ca e   an  i to e a ate t e ne  co or 
rendering properties expressing illuminance-effects and hue-effects.
Method

The experiments were performed by a haploscopic viewing method. The observers evaluated 
subjectively colour feelings, for example dirty-beautiful, darker-brighter, active-passive, of the color 
samples of the test side compared with colour feelings of those of the reference side by Semantic 

i erentia  met o  e en categori e  ca e  e re erence ig t o rce  ere t e ore cent am  
for museum lighting (FL-EDL: Ra96, 3060K). The test light sources were the tri-band LED lamps 
(LED-RGB: Ra19, 3050K and the conventional LED lamps (LED-BY: Ra96, 3060K). Illuminance 
levels was set 700 lx, and 10 lx. Various colour samples (ex. the pictures changed of hue) were used in 
the experiment.
Result

The result showed that subjective colour feelings of the samples including the two colour pairs, 
t e m ti co or  an  t e ict re  ere in ence   i minance a  e  a  e ecia   re  co o r 
in the samples. Furthermore, it was suggested that the current CIE/JIS Ra or Ri could not explain the 
subjective impression of the samples illuminated by narrow band mixed-LED lamps such as LED-

 n er o  i minance  e efine  co or a it  in e  ca e   an  i to e a ate t e ne  
co or ren ering ro ertie  e re ing i minance e ect  an  e e ect  t a  confirme  t at t e 
new index Rx and Rxi correlated practically the subjective results.
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S R C  
The purpose of this study is to develop the new calculation method to evaluate the colour 
rendering values taking illuminance into consideration based on the sub ective experiments. 
We carried out the experiments to examine sub ectively impression of the test colour samples 
(the two-colour samples, the multicolour sample and the picture samples) under various light 
sources and illuminance. The results showed that sub ective colour feelings were influenced 
by illuminance as well as the spectral power distributions of light sources, and also sub ective 
impression depended on the hue of colour samples, especially on whether the sample 
contained red. It was also found that sub ective impression could be evaluated by “colour 
quality” such as sub ective vividness and brightness by factor analysis. We defined “the 
colour quality index” called Gx and Rxi to evaluate the new colour rendering properties 
representing illuminance-effects and hue-effects. It was confirmed that the new index Gx 
and Rxi correlated practically sub ective results. 

. IN RO UC ION 
The lighting environment of a museum must be carefully controlled not to give any damage 
against deterioration of artworks. The CIE publication (157: 2004) recommends illuminance 
and a limiting exposure time to control of damage to artworks by optical radiation. In case 
of the exhibition of apanese paintings for example, illuminance is regulated to constrain 
under 50 lx not to give colour fade damage as less as possible. 
The present ISO/CIE standard recommends for museum lighting that General Colour 
Rendering Index Ra is better than 80.  owever, Ra does not include illuminance effects. 
The calculation method taking into consideration of illuminance does not exist at present. 
Low illuminance means the decrease of inherent colour appearance of artworks because 
artworks will lose brightness and colourfulness at low illuminance. As known as the unt-
effects, chromatic ob ects look more vivid when illuminance increase, on the other hand they 
look darker and dull when illuminance decreases. 
We clarified on the previous paper that Ra would not be sufficient when colour rendering 
properties were evaluated at low illuminance, and showed that the colour rendering 
properties at very low illuminance could be evaluated by Gamut Ratio (Naka ima et al. 2013, 
Naka ima et al. 2014). As for the relationship between colour rendering properties and 
chromatic samples whether the sample contained red, Rea (Rea et al.  2008) and Wei (Wei 
et al. 2014) showed the importance of red.  
The purpose of this study is to clarify colour rendering properties at low illuminance and 
also to try to develop the new calculation method to evaluate the colour rendering values 
taking into consideration of illuminance based on the sub ective evaluation experiments. 
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. E O  
The two types of experiments were performed by a haploscopic viewing method. The 
evaluation booth (Figure 1) separated at the center was used. The different light source was 
installed at the top of the each box. The wall of the booth was painted in matted gray (N6). 
The observer evaluated sub ective colour feelings of the test colour samples of the test side 
compared with colour feelings of those of the reference side by Semantic Differential 
method. Figure 2 shows the eleven ad ective pairs and the seven categorized scale. Ten 
females observers in the experiment 1 and 17 females observers in the experiment 2 were 
participated.  
 
 
 
 
 
 
 
 
 
 
 
 
 

.        
The reference light source was the fluorescent lamp 
specially designed for a museum lighting (FL-EDL: 
Ra96, 3060 K).  The four types of test light sources 
were used in the two experiments, the two fluorescent 
lamps (FL-EDL: Ra96, 3060 K and FL-WW: Ra55, 
3460 K), and the two LED lamps (LED-RGB: Ra21, 
3050 K and LED-BY: Ra84, 3060 K). LED-RGB 
composed of the combination of red, green, blue 
LEDs had the special effect emphasizing saturation 
of colour. LED-BY composed of blue-LED and 
yellow phosphor had the effects rendering ob ect 
colour dull. Table 1 shows the specifications of light 
sources, and Figure 3 shows the spectral power 
distributions of the test and the reference light 
sources. Illuminance of the test side was set at 700 lx 
and 10 lx respectively at the table top of the booth, 
and the illuminance of the reference side was fixed at 
700 lx. 

Figure 1:  
The evaluation booth. 

Figure 2: the adjective pairs and the seven categorized 
scale. 
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No. (―) ←→ (＋) No. (―) ←→ (＋)

1 dirty-beautiful 6 heavy-light

2 uncomfortable-comfortable 7 dark-bright

3 muddy-clear 8 cool-warm

4 sober-flashy 9 dislike-like

5 passive-active 10 dull-vivid
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Table 1: The specifications of 
the light sources. 

Figure 3: The spectral power 
distributions of the light sources. 

CCT Ra
Reference FL-EDL 3060 96

FL-EDL 3060 96
LED-BY 3060 84
FL-WW 3460 55
LED-RGB 3050 21

Light sources
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.      
 The seven kinds of the 
test colour samples   (the 
two-colour pairs, the 
multicolour sample, the 
picture samples) were 
used in the experiment 1 
(Figure 4). The test 
colour samples were 
categorised in two 
groups, red-include and 
red-exclude. The muti-
colour sample was made 
up of the mineral 
pigments and the gold leaf for apanease-style arts. 
The nine test colour samples were used in the experiment 2 (Figure 5). The original sample 
( apanese painting by the artist Mei i AS IMOTO was selected by the reason that the 
sample did not include red at all. The each test sample had the small leaf images (green-
yellow-yellow red-orange-red-red purple-blue purple-blue) sprinkled in the original image 
as addition.  The hue angle of the leaf image, the spectral reflectance of the leaf image was 
shown, and the aMbM coordinates (CIECAM02: Colour Appearance Model) was shown in 
Figure 5, Figure 6, and Figure 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: The test colour samples in the experiment 2. 

Figure 4: The test colour samples in the experiment 1. 
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Figure 6: The spectral reflectance of the 
leaf images. 

Figure 7: the aMbM coordinates 
(CIECAM02) of the leaf images. 
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. RESUL S N  ISCUSSION 

.  R      
Figure 8 shows the sub ective evaluation profiles for the colour samples. As shown in Figure 
8, the results of the sub ective experiment were divided into two groups, the results of the 
red-include samples and those of the red-exclude samples. In the results of the red-include 
samples, it was clearly shown that the sub ective impression under LED-RGB and those 
under the other test lamps were different. owever in the results of the red-exclude samples, 
the sub ective results were not different for the test lamps.  
To examine which colour was most influenced when the observer evaluated the sub ective 
evaluation of the test colour samples, the observer was asked two questions, one was which 
colour the most attention was when you udged the evaluation, and  the other was which 
colour the most difference from the reference colour was. As shown in Figure 9 (a), the 
observer s udgement for the most attention colour was “red” regardless of illuminance and 
the light sources. On the other hand, the observer s evaluation for the most different colour 
from the reference colour varied by illuminance and the light sources shown in Figure 9 (b). 
The results suggested that “red” was the most important in colour rendering terms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: The subjective evaluation profiles of the colour samples. 
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.  R      
The evaluation structure when impression of colour samples under various illuminations 
were su ectively observed was analysed by factor analysis. Factor analysis revealed the two 
main factors color quality  and preference . Figure 10 shows that the relationship between 
the sub ective evaluation results for each factor and the hue angle of the leaf image by 
CIECAM02, and the relationship between M and the hue angle. M shows the difference 
between the colourfulness (M) under the test light source and that under the reference light 
sources. The results of “colour quality factor” were different from those of “preference 
factor” and it was clearly shown that the sub ective impression of “colour quality facor” 
depended on the hue angle of  the test colour, especially had the peak at about hue angle 20° 
(red) under LED-RGB and LED-BY. On the other hand, in the case  of preference factor did 
not change for the hue angle as well as the test light sources. The results showed that the 
sub ective feelings could  be evaluated by “colour quality” of the colour samples such as 
vividness, brightness, flashyness, clearness and activeness. 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As shown in Figure 10, the results of the sub ective 
evaluation of “colour quality factor” were very similar 
with those of the colorimetric M. It was clearly 
shown that “colour quality feeling” could be explained 
by the colorimetric M.  

Figure 11 shows that M correlates closely with the 
sub ective evaluation results of colour quality factor. 
The results suggested that the sub ective evaluation 
results of colour quality factor could predict by M 
based on colorimetric colourfulness. 
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Figure 10: The relationship between the subjective evaluation results, M and the hue 
angle. 
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 .  C   I    R  

We defined “colour quality index” called Gx and Rxi to evaluate colour rendering properties 
taking into consideration of illuminance-effects as well as hue-effects based on  the 
sub ective evaluation results of the experiment 1 and the experiment 2. 

3.3.1 The test colour samples and the reference light source 
The saturated 20 colours made by apan Colour Research Institute were used for the 
calculation of Rxi and Gx as the test color samples. Figure 12 and Figure 13 show the spectral 
reflectance and the aMbM coordinates of CIECAM02 (FL-EDL, 700 lx).  
The reference light source was FL-EDL specially designed for a museum lighting (3060 K, 
Ra96). The illuminance of the reference lighting was set at 700 lx for the calculation. 
  
 
 
 
 
 
 
 
 
 
 
 
 
3.3.2 Rxi 
Gx is the colour quality index showing the sub ective impression not for the individual test 
colour, but for the overall test colour samples. Gx is calculated by the ratio between the 
gamut of the test colour samples under the test light source and the that of the reference light 
source. 
 

��� ൌ ͳͲͲ  ͳͲͲ ሺሺుሻିሺుሻ

ሺుሻ
ሻ i 1 20  (1) 

 
where MiT(E) is M of the test colour sample i under the test light source and any illuminance. 
MiR(E) is M of the test colour sample i under the FL-EDL and 700 lx.  
Figure 14 shows the relationship between the color quality index (Rxi) and the sub ective 
evaluation for colour quality by the experiment 2. These Rxi values were calculated by the 
test color samples chosen hue angle close to the hue angle of the test color samples (see 
Table 2).  Rxi  was correlated to the sub ective results (R 0.94). 

Figure 12: The spectral reflectance of 
the test colour samples. 

Figure 13: The aMbM coordinates of the 
test colour samples. 
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3.3.3 Gx 
Gx is the colour quality index showing 
the sub ective impression not for the 
individual test colour, but for the overall 
test colour samples. Gx is calculated by 
the ratio between the gamut of the test 
colour samples under the test light 
source and the that of the reference light 
source by Equation 2. 
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where GT(E) is th gamut area of the test 
colour samples under the test light 
source at the illuminance E lx. GR(E) is 
the gamut area of the test colour samples 
under FL-EDL at 700 lx. In addition, the  
aMbM coordinates under the test light 
source were calculated with the 
weighting coefficient Whi by Equation 3 
to Equation 5. Whi was defined at the test 
colour samples No.1 No.3 (reddish 
colours), No.9 No.11 (greenish colours) 

-3

-2

-1

0

1

2

3

0 50 100 150 200

BY700

RGB700

BY10

RGB10

R i

R 0.94

ub
ec

tiv
e

ev
al

ua
tio

ns
Figure 14: The relationship between Rxi 
and the subjective evaluation results. 

Table 2: The hue angle of the test color 
samples and the leaf images. 
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Figure 16: The relationship between Gx and 
the subjective evaluation results. 
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and No.18 No.20 (reddish colours) by the hue dependency of the sub ective evaluation 
results as shown in Figure 15.  
Figure 16 shows the relationship between Gx values and the sub ective evaluation results by 
the experiment 1.  As shown in Figure 16, Gx correlated very closely to the sub ective 
evaluation results (R 0.97). 

4. CONCLUSIONS 
The colour quality indices Gx and Rxi supplementing Ra especially when evaluated at low 
illuminance were defined to represent the new colour rendering properties which could 
explain illuminace effects as well as hue dependency of the test colour sample. It was shown 
that Gx and Rxi correlated to the sub ective evaluation of the test colour samples under 
various light sources. These new indices could be expected to use practically. 
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ABSTRACT
In traditional two-dimensional (2D) printing, color target is applied to estimate the color 

performance and make color management work. If we apply the same method to three-dimensional (3D) 
printing, some problems will be encountered. For example, 3D printing can produce 3D objects with 
curved surfaces, which have various surface normals towards different directions. Between different 
surface directions, color differences are noticeable in an inkjet-based 3D printer and it is caused by 
layer structures of ink and powder. Because of the different characteristics and requirements from the 
traditional 2D printing, it is necessary to develop new targets for 3D printing. 

In this research, several targets with different shapes and measurement methods are designed. 
One of the targets is designed to estimate color performance of surfaces in 26 directions. The target 
is combined with 13 pieces in different surface directions, like a puzzle, and each piece has two sides 
with several color patches on it. The biggest piece, which is printed on top and bottom, has 225 color 
patches for general color management. The other pieces have 4 or 14 color patches and can represent 
the color differences in various surface normals. Each piece has a unique shape to avoid mistakes in 
combining. The target can be measured by X-Rite i1 Publish after combined 26 pieces in a correct 
position. Another target is designed as a TC 2.83 RGB test chart, which arranged 283 color patches 
with C5 size and can be generated in only one page by i1Profiler, the software for generating ICC 
profiles by X-Rite i1 spectrometer. With the ICC profile generated by i1Profiler, the work of color 
management can be completed rapidly and simply. The other target has 729 color patches (9-level 
RGB) with small area (10x10 cm), which is material-saving and can be measured by a calibrated 
camera. Taking a photo of the target and ColorChecker in a viewing booth simultaneously, the RGB 
values in particular light source can be read and applied to color management. 

e in ence o  o t roce ing in co or er ormance i  a o concerne  in t e re earc  e 
effects of several methods, including coating with cyanoacrylate, salt-water, wax, or unprocessed 
are compared. It was found that color gamut changes along with different post-processing method. 
Establishing different processes for each post-processing way is important to make color management 
well for 3D printing.

 

 

Developing Test Targets for Color Management of Full 
Color Three-dimensional Printing  

Yu-Ping SIE,1 Pei-Li SUN,1  Yun-Chien SU,1 Chia-Pin CUEH,2 Kang-Yu LIU2 

1 National Taiwan University of Science and Technology 
2 Printing Technology Research Institute, Taiwan 

ABSTRACT 

To evelate color fidelity of a 3D printer, several targets with different shapes and 
measurement methods were designed in this research, including Multi-direction Color 
Target which tests the color on different orientations, TC 2.83 C5 Target which can 
generate ICC profile rapidly with i1 Profiler, and 729-color Target which is material-
saving and it use a DSLR to quickly calibrate its colors. The influence of different surface 
normals and post-processing methods also have been evaluated. Our experimental results 
show the color variations of different orientations are noticible and the color accuracy of 
top direction can be improved by applying 3D color LUTs with interpolation. 

1. INTRODUCTION 

The development of 3D printing technology has accelerated over the past few years (Stanic 
and Lozo, 2012). However, only few products can make full color models (Xiao, Zardawi, 
Noort and Yates, 2013). In traditional two-dimensional (2D) printing, color target is 
applied to estimate the color performance and make color management work. If we apply 
the same method to 3D printing, some problems will be encountered. For example, 3D 
printing can produce 3D objects with curved surfaces, which have various surface normals 
towards different directions (Jackson et. al, 2006). The same RGB input show different 
colors in different orientations. To optimize its color quality, it’s necessary to develop new 
methods to evaluate the color characteristics of a 3D printer. The efficiency of 3D printing 
color management must be considered because of high-cost in materials and low-speed in 
printing.  

2. METHODS 

In this research, several targets with different shapes and measurement methods were 
designed. Each target was developed based on different purposes including color 
evaluation of different surface directions, compatibility of commercial color measuring 
tools such as X-rite i1 Publish Pro 2, evaluating colors and generating ICC profile (ICC, 
2012) with limited material and process time. 

2.1 Target Design 

Multi-direction Color Target is designed to estimate color performance of surfaces in 26 
directions (Figure 1). The target is combined with 13 pieces in different surface directions, 
like a puzzle, and each piece has two sides with several color patches on it. The biggest 
piece, which is printed on top and bottom, has 225 color patches for general color 
management. The 225 colors consist of 6-level RGB and 9-level grayscale. The other 
pieces have 4 or 14 color patches and can represent the color differences in various surface 
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piece, which is printed on top and bottom, has 225 color patches for general color 
management. The 225 colors consist of 6-level RGB and 9-level grayscale. The other 
pieces have 4 or 14 color patches and can represent the color differences in various surface 

 

 

normals. 4 pieces are consist of CMYK colors, and they are rotated for evaluating the color 
quality of 8 corner directions. 8 pieces of 14-color patches are consist of CMYKRGB 
primary colors and mid-tone CMYKRGB colors, and they are rotated for evaluating the 
color quality on 16 different directions, including front, back, right, left, and other 45 
degrees oblique angle directions. The size of each color patch is 9u9 mm2, and each pecies 
has 4.5 mm interval. The target can be measured by X-Rite i1 Publish after combined the 
26 pieces in a correct order. In our model, the target is designed as a puzzle. Each piece 
has a unique shape to avoid mistakes in combining the pieces. 

   
Figure 1: Multi-direction Color Target. The left figure shows the arrangement of each 

pieces in modeling software Autodesk 3DsMax. Each piece is arranged to face particular 
direction. The right figure shows a real target after the assembling. 

TC 2.83 C5 Target was designed by X-rite. It is a RGB-based test chart, which arranged 
283 color patches in C5 size and can be measured by X-Rite i1 Pro 2 spectrometer with a 
handheld scanning ruler and generates ICC profile rapidly and simply. 

         
Figure 2(left): TC 2.83 C5 Target. Figure 3(right): 729-color Target. Both height and 

width of the target are 10 cm. The color patch set in RGB values from top-left to bottom-
right is (0, 0, 0), (0, 0, 31), (0, 0, 63)…, (255, 255, 223) and (255,255,255), which is a set 

of 9-level RGB values. The size of each color patch is 0.35 × 0.35 cm. 

729-color Target has 729 color patches in small area (10x10 cm). 729-color patches are 
consist of 9-level RGB colors, which is proper to RGB printer. It designed to be a material-
saving target. However, because of the size of color patches, it cannot be measured directly 
by any spectrophotometer. Thus, it is necessary to design a process to measure the color 
patches by a calibrated DSLR camera. Taking a photo of the target and ColorChecker 
passport in a viewing booth simultaneously, the RGB values in particular light source can 
be read and applied to color management. 

2.2 Modeling and Printing 

The targets was modeled with Autodesk 3DsMax. The models are exported into VRML 
format and attached with PNG files for texture mapping, which are supported by 3D 
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Systems Projet 460 Plus Color 3D printer. The printer support RGB 3-channel color input 
and have CMY inkjet heads to print full-color 3D model. All of the glue-jet and the 
material of model which is gypsum-like powder are made by 3D Systems. The color inkjet 
heads are provided by HP. 

2.3 Post-Processing 

The models printed by Projet 460 Plus still need post-processing to enhance the purity of 
color and strength of material. To investiage the differences between various post-
processing methods, some often-used coating material like Color-bondTM, salted water, 
and paraffin wax were tested. These post-processing methods are detialed as follows: 

The processing of Color-bondTM is to coat some z-bond 90  on the model. The liquid 
infiltrates the model and coagulates. It is the most recommented method of post-processing 
because it can make the 3D model stronger and more colorful. To make sure that the color 

’
sandpaper which is a often-used process to make model surface flatter and more colorful.  

Salted Water post-processing is also recommented. To make salted water, it is need to 
mix up epsom salt and water with 1:6 ratio. Spray  salted water on the model and wait for 
it to be dried. The process  The material become weak after sprayed 
salted water, so it is necessary to put the model carefully before it dried.  

Paraffin Wax is also a material for post-processing, which is cheap and has good color 
performance. To melt the paraffin wax, it is needed to heat it until 60 to 70 degrees. Put 
the model into melted paraffin wax to infiltrate the model. Take the well-infiltrated model 
out and wait for cooled. The model will be a little swallowed after processed ’
make influence on color measuring.  

3. RESULTS AND DISCUSSION 

To evulating the color performance of 3D printer, we made some process to measure the 
color patches for every targets we designed. For Multi-direction Color Target and TC 28.3 
C5 Target, we used X-rite i1 to measure the color patches. The color differences between 
different surface normals were found to be visible by human eyes. We also tested 3 kinds 
of post-processing methods including Color-bondTM, salted water and paraffin wax using 
the Multi-direction Color Target.  

For the color patches on 729-color Target, we designed a process to obtain the CIELAB 
values of 729 color patches from measured spectra or XYZ stimulus data of ColorChecker 
and RGB image taken with camera in the light booth. For building an ICC profile for 3D 
printer with a fast and materal-saving method, we developed a program to make a 3D 
Look-Up-Tables (LUTs) for 729-color Target. To evaluate the LUTs, we read the B2A1 
and A2B1 tables generated by i1 Profiler using TC 2.83 C5 Target. Both the TC 2.83 C5 
Target and 729-color Target are Color-bondTM processed. 

3.1 Color Difference across Different Orientations 

For the Multi-direction Color Target, which combined 13 pieces, can be measured by X-
rite i1. We also can connect X-rite i1iO and set patch numerial as 21 by 21 array to 
measure all of them automatically. After we measured the spectra for every color patches, 
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we divided the color patches into 26 groups, which represent different surface direction. 
Calculating the XYZ values from spetral data with ASTM D50 Veneble sheet, the color 
patches on the target can be evaluated.  

To analyze color difference on different surface normal, we regard the color patches on 
top (+z direction) surface as the standard color and compare the color differences of the 
other color patches with the same RGB inputs. Figure 4 shows the average color 
differences on each surface normal and average differences on L*, a* and b* in the Color-
bondTM post-processed Multi-direction Color Target. Figure 5 compares color differences 
between CMYK colors. The mean and maximum color difference is up to 6.71 and 22 
'E00 (CIE, 2012) respectively, which is noticible by human eyes. Color differences on 
different surface normal are mostly depended on the differences of lightness, and 
happened in black color which mixed by equal amount of cyan, magenta and yellow inks. 
The differences were caused by many different sources, such as moving direction of inkjet 
heads, asporbsion of the powder, dust, and force of gravity. Color image quality of 3D 
printing can be improved if we take the color variations across different orientations into 
account. 
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Figure 4: Average color differences on each surface normal and average differences on 
L*, a* and b*. 
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Figure 5: Average color differences on each surface normal and color differences on 

CMYK colors. 

3.2 Color Difference on different post-processing method 

Post-processing plays an important role on not only material strength but color 
performance. To compare the effects of post-processing, we printed 4 sheets of Multi-
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direction Color Target and applied non-post-processed, Color-bondTM, salted water and 
paraffin wax respectively. Figure 6 shows the color differences between CMYKRGB 
colors in sRGB color space and printed target. Color performance on non-post-processed 
target is pale, while post-processed targets show better color density. Paraffin wax 
processed target has similar effect with Color-bondTM. It means we also can get good color 
quality with the low-cost method. 
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Figure 6: Color difference of CMYKRGB colors in (a) non-post-processed,  
(b) Color-bondTM, (c) salted water and (d) paraffin wax. 

3.3 Build look-up-tables with 729-color Target 

The method to measure color patches from 729-color Target was different with the other 
targets. We put the target and a ColorChecker Passport into a light tooth (SpectraLight III) 
under D65 light source, and took a RGB photo with digital camera Canon EOS 5D Mark II 
(Figure 7a). The spectra or XYZ stimulus data of 24 colors on ColorChecker Passport were 
measured by Topcon SR-UL1R spectrometer.  

(a)  (b)  (c)  

Figure 7: (a)729-color Target with ColorChecker Passport under SpectraLight III light 
booth.(b)3D model of Multi-angle Color Target. (c) Visual Comparison of target (c). 

The purpose of measuring the color patches is to build an ICC Profile for 3D printer. 
Reading the RGB values of 729 colors from the target and 24 colors from the 
ColorChecker, the XYZ stimulus values of 729 color patches can be calculated by a 
polynomial regression with the measured spectra or XYZ stimulus data of 24 colors on 
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Figure 6: Color difference of CMYKRGB colors in (a) non-post-processed,  
(b) Color-bondTM, (c) salted water and (d) paraffin wax. 

3.3 Build look-up-tables with 729-color Target 

The method to measure color patches from 729-color Target was different with the other 
targets. We put the target and a ColorChecker Passport into a light tooth (SpectraLight III) 
under D65 light source, and took a RGB photo with digital camera Canon EOS 5D Mark II 
(Figure 7a). The spectra or XYZ stimulus data of 24 colors on ColorChecker Passport were 
measured by Topcon SR-UL1R spectrometer.  
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Figure 7: (a)729-color Target with ColorChecker Passport under SpectraLight III light 
booth.(b)3D model of Multi-angle Color Target. (c) Visual Comparison of target (c). 

The purpose of measuring the color patches is to build an ICC Profile for 3D printer. 
Reading the RGB values of 729 colors from the target and 24 colors from the 
ColorChecker, the XYZ stimulus values of 729 color patches can be calculated by a 
polynomial regression with the measured spectra or XYZ stimulus data of 24 colors on 

 

 

ColorChecker Passport and transform into CIELAB color space. We made a BtoA1 LUTs 
(Lab to RGB) in ICC profile from the LAB values of 729 color patches, and calculated the 
inverse LUTs as A2B1 (RGB to Lab) with tetrahedral interpolation. Applying the LUTs to 
colors in gamut of 3D printer, we can obtain similar output colors as the LUTs in ICC 
profile generated via TC 2.83 C5 Target. The mean and maximum color errors for the top 
surface were 2.8 and 9.5 'E00 in its in-gamut inverse transform. It is much better than no 
color management where the mean and maximum errors were 11.5 and 30.8 'E00 
respectively. 

We also developed some other test targets for evaluating image and object quality of a 
color 3D printer. Figure 7b is an example. The Multi-angle Color Target is printed in 12 
different angles. Once we put all 12 pieces together, the user can visually compare the 
difference of CMYKGy primary colors in different printing angles (see Figure 7c). 

4. CONCLUSIONS 

In this work, we developed 3 types of test targets to evaluate color performance of a 3D 
printer. It was found that color performance changes along with different surface 
directions and post-processing methods. We also built ICC-based 3D LUTs in a material-
saving way. Establishing different processes for 3D printing is important to make color 
management well and efficiently. In the future, we can keep on finding other factors which 
cause color differences in 3D printing, and make a complete color management system for 
3D printers.  
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ABSTRACT
It is well known that the performance of the camera characterization model is strongly affected 

by the training set used to extract the model parameters. In this study, the effect of color gamut size of 
a training set on the camera characterization model performance is investigated.

As training sets, ‘Patch set’ and ‘Monitor set’ were prepared. For ‘Patch set’, 96 color patches 
in Gretagmacbeth Colorchecker-SG chart were shown in the viewing booth illuminated with D65 
simulator and each color was measured with spectroradiometer and also with the camera. The 
illuminance in the center of viewing booth was 1090 lux and luminance of reference white was 278.22 
cd/m2. The chromaticities of the color patches were mostly distributed within the range of sRGB 
gamut. In the case of ‘Monitor set’, 84 colors were shown on the wide-gamut LCD monitor in a dark 
room covering around Adobe RGB color gamut. The luminance of the peak white was 262.74 cd/m2. 
Similar to ‘Patch set’, each color was measured using a camera and the spectroradiometer at the same 
position.

As a camera characterization model, simple 3x3 matrix was used since the camera RGB values 
showed the linear relationship with the luminance of the measured color. To optimize the model 
parameters, three training sets i.e. ‘Patch Set’, ‘Monitor set’ and ‘All set’ combining both ‘Patch set’ 
an  onitor Set  ere e   minimi ing t e  *

ab values between the measured and the 
predicted CIELAB values. For CIELAB calculation, the white color in the viewing booth was used as 
the reference white since that color showed the highest luminance.

As a result, it is found that when small color gamut was used as a training set, colors located 
outside the color gamut of the training set showed the poor performance. Also when wide color gamut 
training set was used, overall performance was improved. This result indicates that the color gamut 
of the training set should be large enough to improve the performance of the camera model for wide 
range of colors.
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ABSTRACT 
It is well known that the performance of the camera characterization model is strongly 
affected by the training set used to extract the model parameters. In this study, the effect of 
training color types (color paper vs. LCD monitor) on the camera characterization model 
performance is investigated. As training sets, ‘Patch set’ and ‘Monitor set’ were prepared. 
For ‘Patch set’, 114 color patches in Macbeth Colorchecker and Gretagmacbeth 
Colorchecker-SG chart were displayed in the viewing booth illuminated with D65 
simulator and each color was measured with spectroradiometer and also with the camera. 
In the case of ‘Monitor set’, 150 colors were shown on the wide-gamut LCD monitor in a 
dark room covering around Adobe RGB color gamut. Similar to ‘Patch set’, each color was 
measured using a camera and the spectroradiometer at the same position. The performance 
test results showed that each model predicts the training data set well but the performance 
is significantly deteriorated when different type of data set was used. This result clearly 
indicates that the observer metamerism between CIE standard observer and camera sensors 
should be considered when three channel camera is used to measure color. 

 

1. INTRODUCTION 
These days there are many attempts to use a camera as a color measurement device, 

which requires camera characterization model. It is well known that the performance of the 
camera characterization model is strongly affected by the training set used to extract the 
model parameters. Training sets used in previous researches mostly consisted of paper-
based colors (Kobus and Brian 2001; Vien et al 2004; Vien and Stephen 2005). However, 
if monitor colors are used as a training set, more various colors with high chroma can be 
generated to characterize a camera. In this study, the effect of a training set on the camera 
characterization model performance is investigated by using two different training sets, 
‘Patch set’ and ‘Monitor set’. 

2. METHOD 
For all measurement, Toshiba Teli CCD camera was used. Its resolution is 1280x960 and 
camera gamma was fixed to 1. For the comparison with camera measurement value, 
spectroradiometer CS-2000 was used. As a camera characterization model, simple 3x3 
matrix was used since the camera RGB values showed the linear relationship with the 
luminance of the measured color.  

As training sets, ‘Patch set’ and ‘Monitor set’ were prepared. For ‘Patch set’, 114 color 
patches in Macbeth Colorchecker and Gretagmacbeth Colorchecker-SG charts were shown 
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camera gamma was fixed to 1. For the comparison with camera measurement value, 
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in the viewing booth illuminated with D65 simulator and each color was measured with 
spectroradiometer and also with the camera. Below figure shows the measurement settings 
for ‘Patch set’ (Figure 1). The illuminance in the center of viewing booth was 1090 lux and 
luminance of reference white was 278.22 cd/m2. The chromaticities of the color patches 
were mostly distributed within the range of sRGB gamut (Figure 3a). 

 
Figure1: Measurement settings for ‘Patch Set’. 

In the case of ‘Monitor set’, 150 colors were shown on the wide-gamut LCD monitor in a 
dark room covering around Adobe RGB color gamut (Figure 3b). The luminance of the 
peak white was 262.74 cd/m2. Similar to ‘Patch set’, each color was measured using a 
camera and the spectroradiometer at the same position. Figure 2 shows the measurement 
settings for ‘Monitor set’.  

 
Figure2: Measurement settings for ‘Monitor Set’. 

 

 
(a)                                                                 (b) 

Figure 3: Chromaticity coordinates of ‘(a) Patch Set’ and ‘(b) Monitor Set’ 
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3. RESULTS AND DISCUSSION 
To optimize the model parameters, ‘Patch Set’ and ‘Monitor set’ were used seperately by 
minimizing the CIELAB 'E*

ab values between the measured and the predicted CIELAB 
values. For CIELAB calculation, the white color in the viewing booth was used as the 
reference white since that color showed the highest luminance. Then, the performances of 
two camera characterization models obtained using two different data set were evaluate 
using the same data sets. 

Table 1. the Performance Test Result. 

'E*
ab Patch Model Monitor Model 

Patch Set 1.38 r 1.22 11.48 r 11.08 

Monitor Set 13.58 r 12.14 4.05 r 2.24 

 

As shown in Table 1, each model predicts the training data set fairly well but the 
performance is significantly deteriorated when different data set was used. This result 
implies that the type of color stimuli – color paper or monitor color – affects the camera 
characterization model’s significantly.  

To evaluate the effect of type of the color stimuli more directly, trisimulus values of MCC 
chart colors except neutral colors were reproduced on the monitor and then measured using 
both the camera and the spectroradiometer. Figure 4 compares the spectrums of ‘Patch Set 
(MCC)’ and ‘Monitor Set (MCC)’. The CIELAB color difference between the patch and 
the monitor was around 1.5 'E*

ab. Therefore the main difference between two data sets was 
the spectral characteristics not the tristumulus values XYZ. 

 
Figure 4: Spectrum of ‘Patch Set (MCC)’ and ‘Monitor Set (MCC)’ 

To visualize how the CIE standard observer and the camera tested in this study see the test 
colors differently, chromaticity coordinates, xy and rg, were calcuated using CIE XYZ and 
camera RGB values. As shown in Figure 5, RGB values are very different between two 
data sets while XYZ values are similar to each other. It clearly indicates that the observer 
metamerism should be seriously  considered when three channel camera is used to measure 
color. 
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Figure 5: CIE xy and Camera rg chromaticity coordinates of ‘Patch Set (MCC)’ and 

‘Monitor Set (MCC)’ 

4. CONCLUSIONS 
The effect of training color types (color paper vs. LCD monitor) on the camera 
characterization model performance is investigated. As training sets, ‘Patch set’ consisting 
of 114 color papers and ‘Monitor set’ consisting of 150 colors generated using LCD 
monitor were prepared. Then each color was measured using a camera and the 
spectroradiometer at the same position to develop the camera characterization models. 

The performance test results showed that each model predicts the training data set fairly 
well but the performance is significantly deteriorated when different data set was used. 
This result indicates that the observer metamerism between CIE standard observer and 
three channel camera sensors is quite serious. Therefore, different camera characterization 
model should be used depnding on the spectral characteristics of data sets. 
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ABSTRACT
ne o  t e ma or i fic tie  in t e in et re ro ction o   a ter ainting  i  t e re ication 

of darker paint passages. This reproduction of very dark colours, can involve heavy uses of black ink 
to darken colours in order to approximate the original shades. However, this can reduce the apparent 
differences between colours with similar darkness levels as the options for generating the sample areas 
are limited by the number of colourants that can be used. With this research we propose to extended 
the available range of dark colours by incorporating the use of direct channel and multiple pass 
printing techniques, facilitating improved colour matches to original darker paint passages observed in 
paintings in the National Gallery Collection. 

By incorporating direct channel printing technologies we can specify the optimal colourant 
com ination  mo t ite  to generating eac  ecific matc  a o ing or a greater e e  o  refinement 
in re ro cing t e fina  co o r  itiona   em o ing m ti e a  rinting e are a e to a  
more than one layer of colour, increasing the ink density and darkening colour without the inclusion of 
black ink. 

This allows us to generate a wider range of dark colours, building them up from layers of 
lighter inks, minimising and or eliminating the use of black ink and maintaining better colour subtlety 
between dark values of hue.

For this study we will sample colours within dark regions of a small selection of target paintings 
from the National Gallery Collection and generate colour matches to these areas using the techniques 
described above. These samples will then be compared against results produced through traditional 
print reproduction workflows. The aim of this research is to investigate the potential benefits of 
incorporating these printing techniques in future reproduction workflows, expanding the available 
gamut of darker colours and improving the colour accuracy of inkjet print reproductions which include 
darker paint passages.
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ABSTRACT 

This paper presents work carried out to extend the available range of printable dark colours 
by incorporating the use of alternative direct channel and multiple pass printing techniques 
not usually employed within current inkjet printing workflows. These methods aim to 
improve the colour match between the colours measured within printed reproductions and 
those measured within paintings in the collection of the National Gallery, London. For this 
study, a number of colour measurements were taken from the dark paint passages of one 
particular National Gallery painting, The Supper at Emmaus, by Michelangelo Merisi da 
Caravaggio. Reproductions of the painted colours were printed using the alternative 
printing techniques, along with traditional inkjet print reproduction workflows. The colour 
of various printed reproductions were then measured and compared with the original 
measurements taken from the painting. The results of this comparison show that the 
proposed alternative direct channel and multiple pass printing techniques are capable of 
producing a range of dark colours which more closely matched the original paint passages.  

1. INTRODUCTION 

One of the major difficulties in producing inkjet reproductions of Old Master paintings is 
the accurate replication of the colours found within dark paint passages. Reproducing these 
very dark colours is normally achieved by mixing the available coloured inks with high 
proportions of black. However, this high concentration of black ink tends to dominate the 
printed passages, leading to a smaller perceivable gamut of printed dark colour and the 
original subtle variations seen in the painted colours being perceptively lost. Reproducing 
the colour of dark paint passages in old master paintings, using inkjet printing, can be very 
difficult. Limited sets of inks and media obviously restrict the print process in its ability to 
replicate the vast number of colours and surface qualities observed in paintings.  

In order to investigate the practical application of direct channel and multiple pass 
printing methods described in previous research undertaken by the authors (Olen, Padfield, 
& Parraman 2014), this paper examines how well a selection of colours measured from a 
suitable target painting in the National Gallery, London, can be reproduced. Containing a 
range of dark paint passages, The Supper at Emmaus, by Michelangelo Merisi da 
Caravaggio, was chosen as a target painting for this research. While difficult to accurately 
print, the colours in the dark paint passages of this target painting can be easily 
distinguished under normal viewing conditions. This paper presents measurements and 
evaluation of the alternative printing methods based upon six of the measured paint 
passages. This research aims to investigate the potential benefits of incorporating these 
alternative printing techniques into future reproduction workflows, expanding the available 
gamut of darker colours and improving the overall colour accuracy of inkjet printing in 
fine art reproduction. 
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passages. This research aims to investigate the potential benefits of incorporating these 
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2. METHOD 
For this evaluation measurements were gathered from both the target painting, The Supper 
at Emmaus, and from a series of colour patches printed using a Canon iPF8400 
multichannel inkjet printer.  

To ensure the safety of the target painting and to avoid disrupting public access the 
colour measurements needed to be carried out before the National Gallery opened, utilising 
a Konica Minolta CS1000a Spectroradiometer, which allowed for measurements to be 
taken without touching the surface of the painting. 

Alternatively, measurements of prepared colour charts, produced with the Canon inkjet 
printer, could be taken outside of the public galleries using a handheld X-Rite i1Pro 
spectrophotometer, allowing for faster measurement of many more patches. Testing and 
analysis was undertaken to ensure consistent and comparable results were achieved with 
both devices. 

2.1 Measurement of Target Painting 
For each measurement, the spectroradiometer was placed on a tripod directly in front of the 
painting, roughly perpendicular to the surface and a portable D50 light bank was placed to 
the side at an approximate forty-five degree angle. For each sampled area a white control 
measurement was taken of a white calibration tile before and after the actual colour 
measurement. This allowed the measured spectral reflectance of the colour to be divided 
by the averaged whites in order to obtain an illuminant independent measurement. The six 
colours sampled from the Caravaggio target painting include the red in Christ’s drapery, 
the green of his disciple’s shirt, the blue in the pitcher on the table, and a sample of the 
black, yellow, and red in the table cloth. The location of each measurement is depicted by a 
white dot in Figure 1. 

 
Figure 1: Location identification of each colour measurement taken of 

Michelangelo Merisi da Caravaggio’s ‘The Supper at Emmaus.’ 

2.2 Experimental Procedure for Matching Inkjet Colour 
To evaluate the capabilities of the Canon inkjet printer using direct channel and multiple 
pass printing capabilities the authors first designed a custom colour chart composed of a 
range of near neutral dark colours. The Canon printer was selected for the study, controlled 
with the Caldera VisualRIP+, with which the cyan, magenta, yellow, red, green, blue, and 
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black ink channels can be controlled independently. Whilst the printer can use all seven 
channels to generate a single colour, to keep the number of reference samples manageable 
for this study the chart was limited to include up to three colours, plus black. For each four 
colour combination, variations were included where each colourant, or a set of two 
colourants, decreased in coverage in ten percent intervals. While the chart did not sample 
the entirety of the shadow region of the printer’s gamut, it provided close approximations 
from which further refinement could be applied. In total the chart consisted of 2,290 colour 
patches, each with a unique colourant combination. This chart was printed in multiple 
passes through the printer, where one colour was printed onto the paper with each pass. In 
this instance, the sequence in which the colours were printed was kept consistent for all 
patches. 

The spectral reflectance curves of all of the 2,290 reference patches were compared 
with the spectral reflectance curves measured for the six paint passages. Using the adjusted 
spectral reflectance of the painting measurements as reference, the root-mean-square 
(RMS) error for each of the patches was calculated, as this method has been shown to be 
an accurate measurement of spectral differences (Viggiano 2004). This allowed for the 
identification of the closest approximation that best replicated the spectral distribution of 
the reference colour. Table 1 depicts the colourants, and their percentage of coverage, 
present in the patches with the smallest deviation from each of the sampled painting 
colours. Several of the colourant combinations follow the common approach of 
subgrouping colourants using only analogous colours (Sharma 2003: 370), such as the red 
drapery of Sample 1, which contains magenta, red, and black. However, in the case of 
sample 3, the blue pitcher, the calculations identified the colour patch containing both cyan 
and red as having the best approximation. While this reflectance was later found to have a 
spectral redundancy to a combination of unequal percentages of CMYK, it was also noted 
that redundancies do not occur for all non-analogous subgroupings. Therefore the data set 
continues to employ triadic and analogous-complimentary subgroupings where the selected 
colourants span across the gamut.  

Table 1.Percentage of ink colourant combinations for approximate colour matches. 

Sample Cyan Magenta Yellow Red Green Blue Black 

1 : Red Drapery  70  100   100 

2 : Green Shirt   80  80  100 

3 : Blue Pitcher 70  100 70   100 

4 : Black in Cloth    50 50  100 

5 : Yellow in Cloth   60 60   100 

6 : Red in Cloth  40  100   100 

 

For comparative analysis a smaller chart was also prepared containing the six reference 
measurements from the painting converted to L*a*b* colour values. This chart was printed 
four times following suggested, as well as common, colour management workflows using 
custom ICC profiles. Two were printed using the control of Adobe Photoshop and the 
Canon printer driver, and two were processed through the Caldera VisualRIP+ using its 
CMYKRGB mode. For each of these two workflows, one set of prints was produced using 
the absolute colorimetric rendering, as recommended by Frey and Farnand (Frey & 
Farnand 2011) for cultural heritage reproduction, and the second set was printed using 
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perceptual rendering, which is typically found useful for images requiring a remapping of 
the dynamic range to maintain detail information (BS ISO 15076-1:2010). 

3. RESULTS AND DISCUSSION 

The spectral reflectances of the collected painting references, direct channel / multiple 
pass print, and colour managed samples can be seen in Figure 2. For all six of the samples 
the method of direct channel / multiple pass printing produces a better match to the 
reference than the colour managed print samples. While this is partially to be expected due 
to the potential limitations of a colorimetric workflow compared to a spectral one (Morovič 
et al. 2012), it can be further attributed to the direct channel / multiple pass method’s 
ability to produce colour that is unattainable through the current implementation of either 
of these workflows. With the ability to apply colours in layers, the direct channel / multiple 
pass method generates a higher density in the final colour output, which can be seen here 
as the method’s spectral reflectances fall below the other inkjet printed samples. 
Furthermore, the ability to utilise non-customary combinations of colourants allows for 
increased control over the hue for each of the dark samples, creating a closer 
approximation to the reference measurement from the painting.  

 
Figure 2: Spectral reflectances of direct channel / multiple pass print and colour managed 

samples shown against the reflectances of the painting for all six sampled colours. 
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Calculation of the root-mean-square error between the reference measurement of the 
painting and the printed samples shows that the direct channel / multiple pass printing 
method outperforms the colorimetric workflows more significantly in some cases 
compared to others, as can be seen in Figure 3. In the instances of Samples 1 and 3, the 
difference between the direct channel / multiple pass print and the colour processed 
through Adobe Photoshop and the Canon printer driver with absolute colorimetric 
rendering are relatively small, especially when considering the RMS error present in the 
direct channel / multiple pass method. However, when considering the overall 
improvement in colour reproduction, the benefits of this printing method can be seen. 

 
Figure 3: Chart of root mean square errors against painting reference measurements. 

4. CONCLUSIONS 

In this paper a working method has been shown for evaluating the capabilities of direct 
channel and multiple pass printing to better reproduce colours in the dark passages of Old 
Master paintings, using Caravaggio’s The Supper at Emmaus as an example. It has also 
been shown the direct channel / multiple pass print method obtains increased colour 
accuracy compared to common colorimetric workflows, and achieves greater density and 
spectral distribution. 

While the results of this study are promising, further research and refinement of this 
process is required. The data set in the test colour chart is limited and would benefit from a 
secondary search of more closely related colour patches. Also, the greatest discrepancy 
between the adjusted spectral reflectance from the painting and the colour reproduction is 
in the darkness of the colour. Limitations of the substrate used in the study could have 
attributed to the inability to achieve the same dark values as the original painting. Further 
investigation into alternative media and/or varnish coatings will be beneficial. 
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ABSTRACT
In order to estimate the difference of colors, metrics describing color difference such as 

CIEDE2000 and CIE76 are widely used. They are suggested to use when the color differences are 
relatively small. When it comes to evaluate two colors whose color difference are large, we would 
need a new metric which can well express their differences. Evaluating the difference of two colors 
would be equivalent to evaluate how close those two colors look. Instead of direct comparison of the 
color difference/closeness, it would be also possible to compare colors with some intervening color. 

In this study, we try to propose a new metric based on the hypothesis mentioned above. 
e a me t at eac  co or a  e era  corre on ing co or  ic  gi e t e im re ion or t e 

appearance of that color to be identical or at least similar. If those colors form a trend-line, a new 
metric to be proposed should describe how far a given color would be from this trend-line. We call a 
erie  o  t e co or on t e ame tren  ine con i tent co or

First we tried to find consistent colors for several reference colors. 12 saturated colors of 
i erent e ere e ecte  a  re erence co or  n or er to fin  a tren  ine o  con i tent co or or eac  

reference color, we need several different color gamut whose surface will cover differently. We used 
several CRPCs (Characterized Reference Printing Condition) proposed by CGATS. A  subject could 
change the test color on the surface of a given CRPC (either CRPC7, CPRC5, or CRPC3), until the 
test color appeared the most similar, or closest to the reference color. After conducting the setting for 
three times for each test color, the mean value was adopted as the consistent color for that CRPC. By 
fitting the consistent colors of different CRPCs, we could obtain the trend line for consistent color 
appearance. 

Secondly, by conducting magnitude estimation experiments to evaluate how close the displayed 
co or  to e to t e con i tent it  a gi en te t co or  e o  e a e to fin  t e e t co or on t e 
tren  ine  an  a o antitati e e a ation o  t eir c o ene  en e o  e a e to efine a ne  
metric to e t e cri e t eir c o ene  n t e con erence  e o  e ect to re ort o r fin ing  

This new metric could be applicable to predict how close a color, which are transformed in a 
ecific a  to t e origina  co or
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ABSTRACT 

Color difference metrics such as CIEDE2000 and CIE76 are suggested to use when the 
color differences are relatively small. We would also need a new metric which can well 
express large color differences. Evaluating the difference of two colors would be 
equivalent to evaluate how close those two colors are. Instead of directly comparing the 
color difference/closeness, it would be also possible to compare colors with some 
intervening color. In this study, we try to propose a new metric based on the hypothesis 
mentioned above. We assume that each color has several “corresponding colors”, which 
give the impression or the appearance of that color to be identical or at least similar. If 
those colors form a trend-line, it would be way to make a new metric by describing how far 
a given color would be from this trend-line. We call a series of the color on the same trend-
line “consistent color”. In Experiment 1, we tried to find consistent colors for 12 reference 
colors. In order to find a trend line of consistent color for each reference color, a subject 
changed the test color on the surface of a given gamut until the test color appeared the 
most similar, or closest to the reference color. By fitting the closest colors of different 
gamut, we could obtain the trend line for consistent color appearance. Then, we tried 
magnitude estimation experiment to evaluate how close the displayed colors were to a 
given test color. Although there seems to be many issues to be solved, from our 
preliminary experiment, we would say that it is possible to judge how consistent a 
presented color is to the reference color, which may lead to define a new metric. 

1. INTRODUCTION 

In order to estimate the difference of colors, metrics describing color difference such as 
CIEDE2000 and CIE76 are widely used. They are suggested to use when the color 
differences are relatively small. When it comes to evaluate two colors whose color 
difference, such as lightness and saturation, are large, we would need a new metric which 
can well express their differences. Evaluating the difference of two colors would be 
equivalent to evaluate how close those two colors are. Instead of directly comparing the 
color difference/closeness, it would be also possible to compare colors with some 
intervening color.  

In this study, our final goal is to propose a new metric based on the hypothesis 
mentioned above. We assume that each color has several “corresponding colors”, which 
give the impression or the appearance of that color to be identical or at least similar. If 
those colors form a trend-line, a new metric to be proposed should describe how far a 
given color would be from this trend-line. We call a series of the color on the same trend 
line “consistent color”. This concept is close to that proposed in ICC as the term “common 
color appearance”. A new Reportership TC8-13 has been just started its activity in CIE, 
aiming to validate this concept. 

As the first step, we need to find consistent colors.  As Experiment 1, we tried to find 
consistent colors for several reference colors. In order to find a trend line of consistent 
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color for each reference color, we need several different color gamut whose surface will 
cover differently. We used several CRPCs (Characterized Reference Printing Condition) 
proposed by CGATS. A subject could change the test color on the surface of a given 
CRPC until the test color appeared the most similar, or closest to the reference color. By 
fitting the consistent colors of different CRPCs, we could obtain the trend line for 
consistent color appearance.  

Secondly, we tried to verify our concept with magnitude estimation experiments as a 
preliminary experiment to evaluate how close the displayed colors are to a given test color.  

2. METHOD 

2.1 Apparatus 
The experiments were conducted in a booth whose walls were covered with black velvet. 
A schematic view of the apparatus is shown in Figure 1. A fluorescent light (Toshiba, N-
EDL, CCT 5000K) lit the inside the booth in order to prevent subjects from dark 
adaptation. The illuminance of the booth 
was approximately 100 lx. An LCD 
monitor (NEC MultiSync LCD-
PA241W, 24.1 inch), controlled with 
Psychtoolbox, was placed in front of the 
subject in order to present stimuli. The 
gamut of this monitor covered almost 
the entire Adobe RGB space. The 
distance between a monitor and a 
subject was approximately 80 cm. 
Subjects could move their head freely. 
The adjustment of the test color was 
conducted with a trackball and a 
keyboard. 

2.2 Stimuli 
In Experiment 1, 36 reference colors 
were used in total in the experiment, 3 
different luminance levels for 12 
different hues. The hues were chosen as 
those of CUSPs of three primaries 
(RGB) and their mixtures (CMY), and 
also those of the midpoints between 2 
contiguous colors of RGBCMY. They 
are shown in Figure 2, which is 
represented on CIECAM02 a*-b* plane. 

As for the luminances of the stimuli, 
the luminances of RGBCMY and their 
midpoints were used, which will be 
referred to as “middle range”. Two other 
conditions were used in the experiment: 

 
Figure 1: Experimental setup 

 
Figure 2: 12 different hues used in the experiment 
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1) “high-range”, whose luminances 
were the midpoints between each of 12 
reference colors and that of white, and 
2) “low-range”, whose luminances were 
the midpoints between each of the 
reference colors and that of black. 

We adopted three different CRPCs: 
CRPC7, CRPC5 and CRPC3. Adobe 
RGB space was used to display the 
reference colors. Their size projected on 
a*-b* plane are shown in Figure 3.  

The test stimulus was the color on 
the surface of one of the CRPC, which 
are controlled by the manipulation of 
the trackball and the keyboard.  

All the squares extended 2 deg, with a separation of 1 deg. The background was fixed to 
gray. 

The reference colors which were shown during the setting increased as the difference of 
the color gamuts became larger (multiple reference method). In this method, the 
corresponding color of CRPC 7 was first searched. Then, the corresponding color of CRPC 
5 was explored. Here both the reference color and the corresponding CRPC7 color were 
displayed in a row. Schematic diagram of the stimulus presented to the subjects is shown in 
Figure 4. 

 
In the next step (Preliminary Experiment 2),  we showed one of the series of the 

reference colors: reference color and three colors of different CRPCs, in a row. The test 
color, which were apart from the trend line were shown below the row. We used three 
different colors of the same saturation (C*) for each side of the trend-line. The subject 
answered the score how different the test color is from the trend line, e.g. the subject rated 
“0” when the test color was on the trend-line. 

2.3 Procedure and subjects 

After adapting for 3 minutes under the fluorescent light in the booth, the experiment was 
started. 

 
Figure 4: Multiple reference method used in the expeirment 

 
Figure 3: Color gamuts used in the experiment 
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In each trial, a test stimulus and the reference color ( or the reference colors in some 
conditions of 3) ) was displayed on a monitor. The hue and their luminance range used in 
that trial was randomly selected. By controlling a trackball, the subject could change the 
color to move along the surface of a given color gamut. Each trial started when the subject 
hit any button on the keyboard. The stimulus was presented continuously. There was no 
restriction in time for observing stimuli.  

As mentioned above, in the preliminary Experiment2, a trial was consisted of rating a 
test color displayed on the screen. The stimulus was continuously presented to the subject 
until the rating was completed. 

10 color normal male subjects participated in the experiment. All the subjects were 
naïve for the purpose of the research. 

3. RESULTS AND DISCUSSION 

The results of the experiment are shown in Figure 5. Left and right panel refers to the 
luminance condition of “middle range” and “low range”, respectively. They are shown in 
a*-b* color plane. The results are the mean values obtained from all the subjects. Solid 
circles are the reference colors (Adobe RGB). Solid squares, diamonds, and triangles 
indicate the results obtained from CRPC7, CRPC5 and CRPC3, respectively. Error bars 
show the standard deviation among the subjects.  

Dashed lines shows the equal hue angle trends relative to the reference colors. If the 
consistent colors show the same trends to the equal hue, they should line up on the same 
line. 

As clearly shown in the figures, the consistent colors of several colors have more or less 
the same hue angle, i.e. they line up on the same line. The colors of the 1st quadrant of the 
middle range and the yellow of all the ranges are the distinct results among them.  

As for the consistent color of the blue, the colors of intermediate saturations were apart 
from the hue angle of the reference color. The tendency was similar to that reported by 

              
Figure 5: Consistent color trends of 12 colors (Left: “Middle range”, Right: “Low range” ) 
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Hung(1995), which was investigating the constant hue loci of several colors. It means that 
our subjects conducted an experiment with the judgment of the hue for the primary criteria.  

The results of the preliminary experiments showed that in some hues, the subjects rated 
higher rates to the test colors which are further from the trend line. However, the results 
were dependent on the subjects and colors. Some subjects, however, did not show such a 
clear trends.  

4. CONCLUSIONS 

In our research, we tried to propose a new metric which can well describe the difference of 
two colors with the concept of the consistent color. So far, we haven’t come to the stage 
for proposing a new metric, but we could obtain the trend-lines of the color which give the 
similar or the “close” appearance to the reference color. This might be a way of verifying 
the concept of the consistent colors. Moreover, the trend-lines showed a similar behavior 
as the constant hue loci. This finding indicate that when the judgment of the closeness of 
the color should be done, hue is the primary factor in its process. 

Although we haven’t obtained a clear result, we could show a possibility to evaluate the 
difference of the color apart from the consistent color loci quantitatively. In order to verify 
the concept, we need to explore our experimental conditions more in detail. We are 
expecting our findings will lead to propose a new metric that can be used to express the 
difference of the colors.  
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ABSTRACT
I’d reported a study of image search method based on color data in image pixel. In this previous 

t  it em o  fi ing region ata a  earc  in e  ata  i  a roac  cce  to ic   image o  
almost same image toward source image, its searching target.

This new study report an approach by image space and color space clustering by 
MacQueen(1967) based method of Yamamto,Murakami(2003) method. K-method in MacQueen(1967) 
improved clustering method by pre-fixed clustering region. Yamamoto,Murakami(2003) suggest 
new method, that is better than K-method in point of clustering number is changed according by 
each image. Because the best clustering number for each image, is not able to know before actual 
c tering roce  amamoto ra ami  met o  i  a e  on i e  co or in fir t an  oe  a
hoc method in later. This study propose color space clustering method based on K-method and image 
clustering method based on Yamamoto,Murakami(2003). Then report a result to apply image searching 
application.

 

 

Image and Color Space Clustering for Image Search 
Akinobu HATADA,1  

1 Graduate School of Human Sciences, Kanagawa University, Japan.  
 

ABSTRACT 

Image search is one of application like Google internet search. But normally internet 
search engine use text context, not image. Google provides image search system, today. It 
seems recognize image as what it is and generate text key word as search key. Final search 
result is web page list, and image list of same theme. For example, Eiffel tower image is 
given as search source, it report Eiffel tower web page and list of Eiffel tower picture. It 
seems searching picture that contains same subject in source image. 

Image search by image is yet another thema. (Abhinav Shrivastava, etal, 2011) is a quite 
similar research as previous case. Abhinav approach is by way of massive caliculation.  
(Hatada, 2014) report more simple approach by way of pre-caliculated index data, that 
based on color region on image. 

Search speed is a big value for search engine. Nobody never look up Google if it spend one 
hour for every searching request. Image searching. It means caliculation in searching phase 
should light. In other hand, making index data for each searching target is easy to allowing 
spend time. 

In this study report indexed data by color information and image clustering approach as 
image search application. 

1. INTRODUCTION 

Image search like Web page search is one of interest application. Today, what we call 
web search is “full text search” in strictly. It search web page by text key word, and search 
result is sorted by certain order, which called ranking (Brin and Page, 1998). Today, 
Google provides image search service (Google Search by Image). User is able to having an 
experiment of search by image at Google site, today. It seems searching picture that picture 
including same major content of source picture. For example, searching by picture of 
Eiffel tower; try to show web page of Eiffel tower or picture which include Eiffel tower. 

Either case of text, image or voice, search engine is includes data analysing unit, 
characteristic data storage, data matching unit and ranking unit. Data analysing method is 
most important unit, because it determines search engine’s character or capability. For 
example, data analysing method is definitively different between text data case and image 
data case. 

One of popular image characteristic data is vector data. Vector data is line of subject 
edge in image. Usually many numbers of vector data is generated by single image. This 
style of search engine would suitable to subject recognition. In above case, pick up a word 
“Eiffel tower” from Eiffel tower’s picture is required subject recognition. Once text word 
is provided, search system can find web page by its key word. If text word is not appeared 
by image, search engine could search by vector data itself. Vector data is comparable and 
matching process is able to developing. 
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(Abhinav etal, 2011) is also uses this kind of data. As their presentation, it seems pretty 
good result. But it requires massive calculation in searching process. 
 

    
 (a) Daytime Picture (b) Night Picture 

Figure 1: Tow Pictures Takes Same Place and Different Time. 

 
Figure 1 shows two pictures. These picture takes same place and simular angle, but 

different times. These picture includes same contents like buildings. According my 
observation, many people don’t think these are simular picture, as far as these are 
including same content. This fact means that content in picture is not key point of 
evaluating landscape. If two picture have same vector dates, it is not galantee they are 
simular. By this observation, our research effort developed by color information. 
 

2. METHOD 

In previous study, filling region is employee as characteristic data. In this study, 
clustering data is improved as characteristic data. All of images are normalized to 1024 x 
768 size and rotation. 

2.1 Characteristic Data 

Characteristic data from image is using filling region information. Filling region is an 
area that determined by flood filling algorithm (Figure 2). In previous experiment, image 
colors are reduced 64 from 16 million of it. Filling region is simple and provided useful 
information as characteristic data. It is not include position data. It means image rotation is 
not matter about in phase of image search, but it claimed that important data is missing. 

 
Figure 2: Filling Region. 

 
Region 1 

Region 2㻌

Whole Image㻌
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Cluster a kind of concept that representing some vector space. It includes clustering 
point in analysing data space(Figure 3). 

 
Figure 3: Cluster. 

 

2.2 Clustering Approach 

Around clustering study, K-means algorithm and its application is one of major topics, 
that reported by (Steinhaus, H., 1957) or (MacQueen, J. B., 1967) etc. There are also a lot 
of study is easy to found in imaging processing research area. A point of those studies is, 
how makes clusters well. In original K-means algorithm should provide number of initial 
cluster, and it takes large effect to clustering result. (YAMAMOTO and MURAKAMI, 
2003) tried to calculate number of cluster according image data. This study also uses color 
data. Actually, it uses color distance as cluster combining threshold. But their experiment 
includes several ad-hoc methods to integrate clusters, i.e. omitting small clusters. It also 
not disclosing how many cycle is required until K-means loop. 

Avoiding problem of loop cycle evaluation, and ad-hoc small cluster omitting issue, this 
study improve yet another approach. In point of view of vision psychology, human eye is 
sensitive to lightness rather than colour hue. Actual example is shown in Figure 4. It shows 
edge of colour image (a) and grey scaled edge (b). 

  
 (a) by colour image (b) by grey scaled image 

Figure 4: Edge Example. 

Edge data from colour image is noisy than grey scaled data. Then this study employee 
grey scaled data as bases of image clustering. Grey scale is 8 steps and it is decided 
adapted to image data. In additionally, reduce less than 1% area cluster is processed.  

Cluster 1 Cluster 2㻌
Whole Image㻌

687
AIC2015 TOKYO - Color and Image



 

 

In result of it, 322 sample landscape data converted about 20 clustered data (Figure 5). 

 
Figure 5: Generated Cluster Data (Sample). 

2.3 Scoring 

Matching score is calculated according (exp.1). Comparing source cluster and 
destination image’s clusters and pick up most neighbor cluster and takes a differential. 

¦ ��
 

Color RR
kDe

1)21(
1

2   (exp.1) 

De: Differential value of two images 
k: adjustment  value.  
R1 and R2 is number of region in two images. 

 

3. RESULTS AND DISCUSSION 

Sample result is shown at Figure 6. Search trial shows some interesting result.For 
example, a case of Figure 6 hit similar composition of image. In previous study, search 
result did not care about this kind of effect. 

 

   
Source image Result Image(s) 

Figure 6: Sample Search Result. 

 

"GrayScale", "x", "y", "Count" 

177,   57,  117,  12716 

250,   152,  260,  55718 

255,   486,  97,  98754 

250,   301,  277,  20636 

129,   40,  293,  9749 

177,   96,  594,  20664 

0,   971,  496,  10386 

0, 828, 567, 21101 

0, 683, 581, 14204 

129, 508, 699, 27271 

102, 867, 715, 27134 
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4. CONCLUSIONS 

This trial shows some interesting result, but it is not enough. In this study, clustering 
seems to good idea of including location data to charateristic data. But grey scale 
information may not enough as search key. Color data should concern about cluster 
property in future study. 
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Restoration of Color Appearance by Combining Local Adaptations for 
HDR Images

Yuto KUBO, Takao JINNO and Shigeru KURIYAMA
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ABSTRACT
Color LED lights are widely spreading even as consumer products, and accurately　displaying 

the color effects of such scenes with captured images become important for informing their effective-
ness, which is utilized for lighting design, advertisement, and so on. The colors of the images, howev-
er, are often saturated or fade-out for the scenes illuminated by vivid colored lights, especially in very 
bright spots.

This research focuses on such degradation of colors for high dynamic range (HDR) images that 
can fully capture the brightness and color of the scene at high bit-depth. The dynamic range should be 
com re e  to fit t at o  or inar  co or monitor  an  co or a earance mo e   i  i e  e  
for authentically reproducing colors in　compressions. This model, however, is ineffective for the 
scenes including vivid　lightings, and we therefore propose a robust color reproduction using the spa-
tial adaptation for the scenes captured as HDR images.

  Our method introduces an image appearance model called iCAM06, which has the spatial 
adaptation based on CIECAM02, to the illuminated HDR scenes.

Though human visual system can adaptively perceive accurate colors for each local region, we 
remap such local adaptation to a single image for efficiently and effectively displaying the overall 
atmosphere of the color illuminations.

  The existing technique of synthesizing a spatial adaptation map is extended with a bilateral 
filter, whose spatial and range parameters are utilized to approximately control a field of view and 
a model of lightness perception. We experimentally found that the adaptation for smaller regions 
causes lesser artifacts on the compressed image, while fully reducing the color fade-out effects. We 
demonstrate the efficiency of our method by visually comparing the reproduction results against 
conventional methods.

 

 

Restoration of color appearance by combining                 
local adaptations for HDR images 
Yuto KUBO,1 Takao JINNO,1  Shigeru KURIYAMA1 

1 Toyohashi University of Technology 

ABSTRACT 
Image colors are often degraded due to saturation or fade-out for the scenes illuminated by 
colored lightings. This research improves such degradation for high dynamic range (HDR) 
images that can fully capture the brightness and chroma at high bit-depth. The dynamic range 
should be compressed to fit that of ordinary color monitors, and color appearance model 
(CAM) is widely used for authentically reproducing colors in compressions. This model can 
take the feature of human visual system that can adaptively perceive colors according to the 
brightness within a local area. This adaptation model, however, is inapplicable to an image 
including both brightly- and dimly-lit areas. We propose a method of combining such local 
adaptations for different brightness on a single image. Our method enables unified color 
restoration for HDR images while retaining the global consistency of brightness variations, 
and its effectiveness is experimentally demonstrated for the indoor scene illuminated by a 
color LED. 

 1. INTRODUCTION 
With popularization of color LED lightings, accurately restoring the chromaticness of 
captured images become important for demonstrating their effectiveness, which may be 
utilized for lighting design, advertisement, etc. Most of ordinary digital cameras, however, 
lack the capability in color restoration, owing to the insufficient dynamic ranges of their 
image sensors. 

 HDR images can fully capture the scene radiance at high bit-depth, and displaying them 
on ordinary monitors of lower bit-depth requires compressing their dynamic range. The 
range compression based on iCAM06 (Kuang 2007) can reproduce the color appearance. 
Since the scenes including glaring colored light source have very wide dynamic range, 
iCAM06 cannot sufficiently restore the colorfulness owing to its limited compression rate. 

Our previous study (Kubo 2014) divides an input HDR image into the areas of lights and 
surroundings, for separately compressing their dynamic ranges. It can reproduce the color 
appearance for each image region whose dynamic range is lower enough for accurate 
restoration. This approach, however, often causes a contrast inversion along the boundary of 
areas to which different adaptation parameters are set. This paper therefore proposes the 
dynamic range compression by introducing a local adaptation of white point with a bilateral 
filter. This can reproduce the local color appearance of an HDR image on an ordinary low 
dynamic range (LDR) image, without causing any contrast inversion. 

 2. DYNAMIC RANGE COMPRESSION 
Methods of dynamic range compression are roughly categorized as the following types: 

(a) Non-linear function whose global parameter is changed for a whole image, which 
can retain brightness gradients without causing any contrast inversion 
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(b) Non-linear function whose parameters are changed for each pixel, which can 
preserve the details of the scene 

(c) Non-linear function based on the color appearance model (Kuang 2007) (Reinhard 
2010) 

where the last category is most suitable for our target, especially, those based on the iCAM06 
model. 

 
Figure 1: Flowchart of iCAM06. 

2.1 iCAM06 
Human visual system consists of many non-linear response functions and adaptations for 
maximizing sensing performance against real world of very wide dynamic range, and many 
range compression algorithm for HDR image is developed by imitating this functionalities. 

The iCAM06 was developed for HDR image rendering by extending iCAM framework 
(Johnson 2003) that can reproduce the color appearance based on CIECAM02 (Moroney 
2002). The CIECAM02 predicts the color appearance attributes from the tristimulus values; 
this process, however, cannot be suited to compress the dynamic range of the HDR image 
into LDR one. The iCAM06 introduces an empirical range clipping mechanism by rounding 
off the values outside the 1th and 99th percentile. Although this clipping is suitable for most 
of the HDR scenes, color degradation is inevitable for the scenes including very wide 
dynamic range, e.g. the scene including both dim regions and colored lights, as shown in 
Figure 2. 

Figure 1 shows the flowchart of the iCAM06. The iCAM06 separates the HDR image 
into the details-layer and the base-layer, and compresses only a wide dynamic range of the 
base-layer based on the Retinex theory (Rahman 1997) by applying a tone compression. The 
tone compression consists of cone and rod response functions, which have local adjustments 
according to an adaptation luminance map. This map is estimated by filtering the input HDR 
luminance using a Gaussian kernel whose standard deviation is 5 (Kuang 2004). 

   
(a) HDR luminance map (b) iCAM06 (clipped) (c) iCAM06 (normalized) 

Figure 2: Range compression for a colored light. 
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2.2 Effect of iCAM06 
Figure 2 shows (a) brightness distribution, (b) the clipped effect of iCAM06, and (c) the 
normalized effect without clipping, for HDR scene including a colored lighting. Figure 2(b) 
shows that the colorfulness of the lighting is faded out due to the effect of clipping, whereas 
it is retained in Figure 2(c). This demonstrates the insufficiency of the range compression 
rate of iCAM06 for very wide dynamic range scenes.  

Figure 3 shows a converted image with iCAM06 and its adaptation luminance, which 
reveals that the emitted light strongly affects the adaptation white for a whole image. This 
suggests that restoring the colors of lighting and surrounding areas requires stronger 
compression of the dynamic range in a separate manner, by using more local adaptation. 

3. METHODOLOGY 
Our target is to reproduce the color appearance when converting HDR images into LDR 
ones, which can be attained by more locally changing the adaptation luminance in the 
iCAM06. 

Narrowing the field of view (i.e. decreacing the standard deviation of Gaussian filter) is 
effective for reducing the chromatic degradation of the lighting area; it, however, causes a 
halo effect on the boundary against the surrounding and brightens the black colored objects 
of low reflectance in unnatural ways. For improving these defects, the edge-preserving 
smoothing operation with a bilateral filter is applied to calculate the local adaptation. This 
filter is comnputed at the input luminance I  of each pixel p as 

BF[𝐼𝐼𝑝𝑝] =
1
𝑊𝑊𝑝𝑝

∑ 𝐺𝐺𝜎𝜎𝑠𝑠(‖𝑝𝑝 − 𝑞𝑞‖)𝐺𝐺𝜎𝜎𝑟𝑟(|𝐼𝐼𝑝𝑝 − 𝐼𝐼𝑞𝑞|)𝐼𝐼𝑞𝑞𝑞𝑞∈𝑆𝑆 ,      (8) 

Gσ(x) =
1

2𝜋𝜋𝜎𝜎2
exp (− 𝑥𝑥2

2𝜎𝜎2
),         (9) 

where ‖𝑝𝑝 − 𝑞𝑞‖ denotes the Euclidean distance of pixel coordinates, |𝐼𝐼𝑝𝑝 − 𝐼𝐼𝑞𝑞| denotes the 
luminance difference, and Wp  is the normalization term. Both Gσs  and Gσr  denote the 
normal distribution function whose standard deviations representing a view field size  σs 
and masking effect σr are adaptively controlled for avoiding halo effect. We found that a 
bilateral filter can yield the local adaptation more effectively than that is yielded with a 
Gaussian filter. 

4. EVALUATION 

4.1 Experimental setup 
We investigated the effects of the dynamic range compression of iCAM06, whose tone 
compression (Section 2.1) uses our adaptation luminance, for the scenes illuminated by a red 
LED bulb (CIE xy chromaticity: x = 0.62, y = 0.33) against various values of  σs and σr. 

As a quantitative evaluation, we calculated the differences between reference 
chromaticity (ur’ , vr’ ) and mean chromaticity (u′, v′) for each pixel of the output image, 
where the references are obtained by measuring with a color illuminometer at the following 
locations: 

(A) a white patch of the front chart as shown in Figure 4A. 
(B) a white patch of the rear chart as shown in Figure 4B. 
(C) the area of the red colored bulb. 
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The resolution and the range ( x(I) − (I)) of the input image were 2 36 2  and 
6. , and σs and σr were determined as σs = ( )  and σr = ( x(𝐼𝐼) −

(𝐼𝐼)) , respectively. 

   

Figure 3: Resulting image with iCAM06 (left) and its clipped 
adaptation luminance (right). 

Figure 4: 
Experimental 
environment. 

4.2 Observation 
Figure 5(a) shows the converted images with our method and Figure 5(b) shows the 
corresponding adaptation luminances. The results with small σs can preserve the color of the 
red colored bulb but causes the halo effects at the front chart and the bulb and reducing the 
global contrast. Our method can, however, reduce the halo effects by setting smaller σr as 
shown in the upper row of Figure 5(a). Unfortunately, our mtehod also unnaturally brightens 
the black colored objects as shown in Figure 5. This negative effect is caused by neglecting 
the reflectance components for bilateral filtering. We solved this problem by extending the 
bilateral filter to a cross bilateral filter with a Lighting or Shading map, which is obtained by 
intrinsic image estimation algorithms. 

Figure 6 shows the chromatic differences of our method against the iCAM06, sampled at 
three areas whose brightness are middle (A), low (B) and high (C). The difference is lower 
in images restored with our method than those obtained with the iCAM06, where our local 
adaptation effect is relatively noticeable at the areas (B) and (C). The color reproducibility 
of the iCAM06 is promoted at the area (A) because the middle brightness area is not affected 
by clipping or weak range compression. 

Consequently, we have found that our method can restore local color appearance more 
accurately by setting σs and σr by smaller values. These settings, however, decrease a global 
contrast of the output image, because of the trade-off between the color reproducibility and 
the global contrast. This paper does not evaluate the chromatic differences for the lower 
reflectance areas, where (A) and (B) are the higher reflectance areas and (C) is the light bulb 
area. We should measure the reference chromaticity with a spectral radiance meter at the 
various reflectance areas for more accurately evaluating the chromatic differences. 

 5. CONCLUSION 
This article has proposed a color restoration scheme for the scenes of very wide dynamic 
range caused by colored lightings. Our method calculates the local adaptation white more 
effectively with the bilateral filter, and adaptively utilizes iCAM06 to reproduce the color 
appearance of HDR images. 

We should improve the remapping mechanism for lower reflectance areas by introducing 
more accurate quantitative evaluation for color reproducibility of various reflectance areas. 
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It is also challenging task to restore colors for the scenes illuminated by many lightings of 
different colors. Our future work also includes psychological experiments in actual lighting 
environments or with various color monitors. 

 
(a) Converted images for various parameters 

 
(b) Adaptation luminance (clipped) 

Figure 5: Output images and adaptation luminacnes. 
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(A) white patch of      
the front chart 

(B) white patch of      
the rear chart (C) light bulb  

(upper row) chromatic differences when setting the various σr against the fixed σs  
    

 
 

 

 

(A) white patch of      
the front chart 

(B) white patch of      
the rear chart (C) light bulb  

(lower row) chromatic differences when setting the various σs against the fixed σr 

Figure 6: Chromatic difference against measurement. 
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Image Quality index for perceiving three-dimensional effect in mobile 
displays
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ABSTRACT
Recent years, with the development of mobile displays, more wide-gamut, high resolution and 

high contrast mobile displays have been published. To understand differences in perceiving three-
dimensional effect between mobile displays, and precisely estimate in which condition mobile displays 
perform it well, we conducted two experiments. One was for evaluation of image quality index of 
color and sharpness, another was for evaluation of depth perception. Analyzing visual evaluation data, 
we have developed two kinds of image quality indices; IQIcolor and IQI3D.

We prepared 9 mobile displays, including LCD and AMOLED displays. In IQIcolor, we measured 
the colorimetric specifications of each device with 4% pattern by using a spectroradiometer. We 
measured the XYZ tristimulus values of eight typical color stimuli of red, green, blue, cyan, magenta, 
yellow, white and black. As IQIcolor is supposed to be related to three parameters: color volume, 

minance contra t an  re o tion  e efine  eac  in e  inc ing t ree arameter
Color volumes were calculated in the CIECAM02-UCS color space. Since the color volume of 

o tima  co or i   in  nit  e efine  re ati e co or o me in e   a  co or 
volume divided by 2 million. Then, luminance contrast ratio index (CRI) was defined as a ratio of 
maximum and minimum luminance instead of usual Michelson contrast. The resolution index (RI) was 

efine  a  t e i e  er inc  o  mo i e i a  i i e    corre on ing to t e imit o  retina  
resolution for visual acuity 2.0 at the viewing distance of 30cm for normalization.

In IQI3D, it should be related to four parameters, color volume, luminance contrast, resolution 
an  i a  i e  e fir t t o arameter  ere a  ame a  IQIcolor  e efine  t e re o tion a  i -
el per degree (RIretina) divided by 100, corresponding to the number of cones in a visual angle of one 
degree on a fovea.Then, display size in degree (RDSretina) was divided by 1440, based on an assumed 
o tima  i a  fie  or ie ing image     

In IQIcolor, we selected three pictures from Standard High Precision Picture (SHIPP) data, and 
conducted a paired comparison experiment. A visual image quality performance was provided by 

core rom t e e eriment  e corre ation coe ficient o   in icate  trong re ation i  et een 
IQIcolor and Z-score.

In IQI3D  e e ecte  fi e ict re  an  one mo ie to con ct aire  com ari on an  ecti e 
evaluation experiments. Fifteen observers with normal color vision participated. We used the least 

are  met o  to fin  t e e t fitte  arameter  o  IQI3D to the experimental results. Finally, we made 
one-way ANOVA to make sure the devices have differences in perceiving three-dimensional effect, 
and then we used t-test in each result of subjective evaluation. When IQI3D differences are over 0.07 on 
heterogeneous displays, observers can discriminate three-dimensional effect easily. As the same way, 
IQI3D equal to 0.24 can be regarded as the base rate of subjective evaluation. We can know how much 
the three-dimensional subjective feeling will be.

Thus, our results suggest that IQIcolor represents perceived image color qualities sufficiently 
and IQI3D provides an easy way to discriminate the three-dimensional effects between heterogeneous 
displays.
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ABSTRACT 
This article mainly describe two color indices, one is image quality index for color 

(IQIcolor) for evaluating image qualities of color and sharpness. Another is image quality 
index for 3D perception (IQI3D) for evaluating depth perception. The result shows IQIcolor 
represents perceived that image color qualities sufficiently and IQI3D provides an easy way 
to discriminate the depth effects between heterogeneous displays. 

1. INTRODUCTION 
Recent years, with the rapid development of technology in mobile displays, from 
traditional cell phones to brand-new smart phones, wider-gamut, higher resolution and 
higher contrast mobile displays have appeared on the market. In such cases, we could 
perceive that they have three-dimensional effects but in different levels. In order to 
understand the differences in perceiving these effects between mobile displays, and 
precisely estimate in which condition mobile displays perform it well, we consider two 
indices. One was for evaluation of image quality index of color and sharpness, the image 
quality index for color IQIcolor, another was for evaluation of depth perception, the image 
quality index for depth perception IQI3D. 

2. METHOD 
First, we prepared nine mobile displays, including one AMOLED tablet, one LCD tablet, 
four AMOLED phones and three LCD phones. Table 1 illustrates each basic specification. 

The IQIcolor and IQI3D are both specified with chromatic contrast and luminance contrast 
that are the common factors in the color clarity of display. The procedures of obtaining 
colorimetric specifications are shown below. 

Step 1. Basic color patches, R, G, B, C, M, Y, W and Bk were presented on each display 
by using 4% pattern which length and width were one fifth of display size, and measured 
with a Konia Minolta CS-2000 spectroradiometer.   

Step 2. The luminance and the tristimulus values X, Y, and Z of color patches are 
measured with a Konica Minolta CS-2000A spectroradiometer in dark room at 1 lux. 

Step 3. XYZ were transferred to the lightness J, the colorfulness M, and the hue h of the 
CIECAM02, then transferred to a’ and b’ of the CIECAM02-UCS. 

Step 4. The color volumes and luminance contrast of the display were calculated. 
Table 2 illustrates the x,y chromaticity coordinates and the maximum and minimum 
luminance in R, G, B and W color patches. 

Part 1: Image quality index for color (IQIcolor) 
In chromatic contrast, we defined a relative color volume in the CIECAM02-USC color 

space (Luo et al., 2006) using the volume color gamut efficiency (Inui, 2000) which can be 
described as volume of display color gamut divided by volume within optimal color. As 
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space (Luo et al., 2006) using the volume color gamut efficiency (Inui, 2000) which can be 
described as volume of display color gamut divided by volume within optimal color. As 

 

 

the volume within optimal color is 2,334,000 in CIELAB unit (Inui, 2000), the relative 
color volume in CIECAM02-USC (RCVCAM02-USC) unit can be simply described as follow,  

RCVCAM02-USC = (Volume of display color gamut) / 2,000,000          (1) 

In luminance contrast, we used luminance ratio as a luminance contrast index instead of 
usual Michelson contrast. Although the luminance of black in AMOLED displays is 
approaching to 0, we defined our contrast ratio index (CRI) as 8 log unit for some 
facilitating calculation reasons as follows, 

CRI = log (Lmax / Lmin) / 8                (2) 

The image quality for color and luminance contrast could be represented as a function of 
color volume and contrast ratio as following equation. 

IQIcolor = (RCVCAM02-USC * CRI) 1/2               (3) 

A visual experiment of image quality 
In this experiment, excepting 2 tablet displays for size reasons, we prepared 7 mobile 

displays, and carried out a visual evaluation of image quality by a paired comparison 
method using three natural images called “Wineglass”, “Wool” and “Harbor” from SHIPP 
(Standard High Precision Picture) data shown in Figure 1 (a)-(c). Each image was selected 
for a particular purpose as follows,  

  Wineglass: tone reproduction of light and neutral color. 

  Wool:color reproduction of high chroma image. 

 Display size 
(inch) 

Diagonal size 
(inch) Number of pixels Resolution (ppi) 

AMOLED phone 1 4.91 x 2.8 5.7 1920 x 1080 386 
AMOLED phone 2 4.32 x 2.45 5.0 1920 x 1080 441 
AMOLED phone 3 4.40 x 2.49 5.1 1920 x 1080 432 
AMOLED phone 4 4.17 x 2.37 4.8 1280 x 720 306 

LCD phone 1 4.13 x 2.34 4.8 1280 x 720 308 
LCD phone 2 5.07 x 2.84 5.9 1920 x 1080 373 
LCD phone 3 4.29 x 2.45 5.0 1920 x 1080 443 

AMOLED tablet 8.85 x 5.49 10.5 2560 x 1600 288 
LCD tablet 7.6 x 5.77 9.7 2048 x 1536 264 

Display 
primaries 

(x,y) Chromaticity coordinates Luminance (cd/m2) 

R G B W White 
Lmax 

Black 
Lmin 

AMOLED phone 1 (0.655, 0.336) (0.223, 0.722) (0.144, 0.043) (0.299, 0.328) 395.37 7 x 10-5 

AMOLED phone 2 (0.665, 0.334) (0.223, 0.724) (0.142, 0.045) (0.301, 0.331) 316.37 6 x 10-5 
AMOLED phone 3 (0.662, 0.337) (0.227, 0.711) (0.141, 0.046) (0.302 0.320) 440.58 3 x 10-5 
AMOLED phone 4 (0.668, 0.331) (0.213, 0.724) (0.140, 0.051) (0.303, 0.325) 254.16 8 x 10-4 

LCD phone 1 (0.635, 0.331) (0.302, 0.557) (0.149, 0.061) (0.293, 0.293) 465.03 5 x 10-1 
LCD phone 2 (0.637, 0.335) (0.303, 0.610) (0.155, 0.066) (0.311, 0.344) 438.61 5 x 10-1 
LCD phone 3 (0.648, 0.342) (0.265, 0.645) (0.153, 0.037) (0.300, 0.327) 401.25 1 x 10-1 

AMOLED tablet (0.660, 0.339) (0.237, 0.709) (0.141, 0.048) (0.303, 0.319) 350.71 6 x 10-5 
LCD tablet (0.641, 0.338) (0.305, 0.609) (0.154, 0.048) (0.306, 0.322) 389.56 3 x 10-1 

Table 1. Each basic specification of mobile display 

 

Table 2. Chromaticity coordinates of mobile displays 
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  Harbor: evaluation of image processing for fine detail of geometrical structure. 

 

 

 

 

 

 

 

 

 

 

 

Visual image quality performance is provided by Z-scores from the experiment. The 
Z-scores represent the image quality as a distance from mean in terms of standard 
deviation. Table 3 shows the final result of calculation in image quality indices and 
Z-scores from a visual experiment for image quality. Figure 2 shows the Z-score of each 
device in three images, and the error bars indicate standard deviation. When using mobile 
displays, our impression of image would also be affected by the modulation transfer 
function (MTF) of display indirectly, we consider another formula to explain this result 
instead of Equation (2) as describe below, 

         IQItotal = (RCVCAM02-USC * CRI * RI) 1/3         (4) 

  Where the resolution index RI is given by the following Equation. The number of 582 
ppi corresponds to the limit of retinal resolution for visual acuity 2.0 at the viewing 
distance of 30 cm, are regarded as normalization base. Table 3 shows pixel per inch (ppi) 
and resolution index (RI) for mobile displays. 

RI = ppi / 582                             (5) 

Although Equation (4) shows a good relationship between the three parameters, we tried 
to develop a total image quality index with weighting coefficients as following equation. 
From least square method, the weighting coefficients wCV , wCR and wR as 0.2, 0.4 and 0.4 
respectively, perform the highest correlation between IQItotal and Z-score as shown in 
Figure 3.   

IQItotal = wCV RCVCAM02-USC + wCRCRI + wRRI         (6) 

Part 2: Image quality index for 3D perception (IQI3D) 
In this part, 3D depth effect will be verified by two psychophysical experiments, a 

paired comparison method and an observers’ subjective evaluation. Comparing to IQIcolor, 
we added two tablet displays and reduced one LCD phone from the experiment. Test 
images called “Venice”, “Wine & Table”, “Houses”, “Trees” and one short movie “Swan” 
are also shown in Figure 1 (d)-(h). Total 15 observers with normal visual acuity 
participated in this experiment. 

(a) The method of successive categories  

Figure 1. Test images 

(a) Wineglass (b) Wool 

(f) Houses 

(c) Harbor (d) Venice 

(g) Trees (h) Swan (e) Wine & Table 
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  Where the resolution index RI is given by the following Equation. The number of 582 
ppi corresponds to the limit of retinal resolution for visual acuity 2.0 at the viewing 
distance of 30 cm, are regarded as normalization base. Table 3 shows pixel per inch (ppi) 
and resolution index (RI) for mobile displays. 

RI = ppi / 582                             (5) 

Although Equation (4) shows a good relationship between the three parameters, we tried 
to develop a total image quality index with weighting coefficients as following equation. 
From least square method, the weighting coefficients wCV , wCR and wR as 0.2, 0.4 and 0.4 
respectively, perform the highest correlation between IQItotal and Z-score as shown in 
Figure 3.   

IQItotal = wCV RCVCAM02-USC + wCRCRI + wRRI         (6) 

Part 2: Image quality index for 3D perception (IQI3D) 
In this part, 3D depth effect will be verified by two psychophysical experiments, a 

paired comparison method and an observers’ subjective evaluation. Comparing to IQIcolor, 
we added two tablet displays and reduced one LCD phone from the experiment. Test 
images called “Venice”, “Wine & Table”, “Houses”, “Trees” and one short movie “Swan” 
are also shown in Figure 1 (d)-(h). Total 15 observers with normal visual acuity 
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Figure 1. Test images 

(a) Wineglass (b) Wool 

(f) Houses 

(c) Harbor (d) Venice 

(g) Trees (h) Swan (e) Wine & Table 

 

 

Figure 4. Category of 3D perception 

In this session, the observers were asked to evaluate the depth perception of displays 
directly in 5 stages, by using the method of successive categories in binocular and 
monocular visions in a dark room. The successive categories are shown in Figure 4.  

(b) The method of paired comparison 
We carried out a paired comparison method to evaluate depth perception for 6 mobile 
displays, totally 15 combinations. Observers answered which mobile phone presented 
stronger 3D effect in each image and movie.   

 

 

 

 

 

 

 

 

 

 

 

  

 

 

As Part 1, after completing above experiments, an image quality index for depth 
perception will be established. It would be considered that the feeling of depth could be 
affected by color volume, luminance contrast, resolution and display size. We have already 
defined the color volume and the contrast ratio as Equations (1) and (2), but we use pixel 
per degree (ppd) instead of pixel per inch in resolution index as follows,  

RIretina = ppd / 100                (7) 

The number of 100 comes from rough number of cones in a visual angle of one degree 
in a foveal retina. Display size are also be defined as a field size in retina as follows, 

RDSretina = [(Display size in degree) / 1440] 1/2               (8) 

Device RCVCAM02-USC CRI RI IQItotal Z-score 
AMOLED phone 1 0.811 0.837 0.664 0.763 2.698 
AMOLED phone 2 0.811 0.840 0.757 0.801 1.680 
AMOLED phone 3 0.857 0.886 0.742 0.823 2.491 
AMOLED phone 4 0.760 0.686 0.526 0.637 -1.730 

LCD phone 1 0.513 0.363 0.526 0.458 -2.284 
LCD phone 2 0.503 0.364 0.642 0.503 -1.227 
LCD phone 3 0.703 0.372 0.761 0.594 -1.626 
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Figure 2. Visual image quality results  
of paired comparison method of IQIcolor 

Table 3. Image quality indices and visual evaluation result 
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LCD 1
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LCD 3

Figure 3. The relationship between IQItotal & Z-score  
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Figure 5. Visual image quality obtained by paired comparison method,  
Left side: result of binocular, Right side: result of monocular 
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The number of 1440 comes from a full visual field with binocular vision, 48º by 30º. 
Both of the display resolution in retina, RIretina and the display size in visual angle, RDSretina 
depend on the viewing distance. As the same way, we derive IQI3D as Equation (6).The 
weighting coefficients wCV , wCR, wR and wDS are 0.3, 0.3, 0.2 and 0.2, having a high 
correlation with Z-score. Table 4 shows the IQI3D result of each mobile display. 

IQI3D = wCV RCVCAM02-USC + wCRCRI + wRS RIretina + wDS RDSretina (9) 

 

3. RESULTS AND DISCUSSION 
Figure 5 and Figure 6 shows the results of psychophysical experiments in IQI3D. In Figure 
6, we normalized the successive categories from 0 to 1. We can see the all AMOLED 
displays have a high preference than LED displays. Finally, we conducted a one-way 
ANOVA in each result of the experiments, showing some of differences reach their 
significant levels as shown in green shaded cells in Table 5 and Table 6. The results 
indicated the threshold is 0.09 when observers can discriminate 3D depth effect easily. As 
the same way in Table 6, the base rate of subjective evaluation can be earned from the 
difference ratio in IQI3D and subjective evaluation is 0.9158, thus we can know roughly 
how much the subjective 3D depth feeling will be according to IQI3D value. 

 

Device RCVCAM02-USC CRI RIretina RDSretina IQI3D 
AMOLED phone 1 0.811 0.837 0.837 0.470 0.752 
AMOLED phone 2 0.811 0.840 0.926 0.413 0.763 
AMOLED phone 3 0.857 0.886 0.909 0.420 0.789 
AMOLED phone 4 0.760 0.686 0.639 0.399 0.642 

LCD phone 1 0.513 0.363 0.645 0.395 0.471 
LCD phone 2 0.503 0.364 0.792 0.481 0.515 

AMOLED tablet 0.834 0.840 0.623 0.864 0.800 
LCD tablet 0.562 0.382 0.574 0.825 0.563 

Table 4. IQI3D evaluation results 

 

Figure 6. Visual image quality obtained by successive categories experiment 
Left side: result of binocular, Right side: result of monocular 
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Figure 5. Visual image quality obtained by paired comparison method,  
Left side: result of binocular, Right side: result of monocular 
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Both of the display resolution in retina, RIretina and the display size in visual angle, RDSretina 
depend on the viewing distance. As the same way, we derive IQI3D as Equation (6).The 
weighting coefficients wCV , wCR, wR and wDS are 0.3, 0.3, 0.2 and 0.2, having a high 
correlation with Z-score. Table 4 shows the IQI3D result of each mobile display. 

IQI3D = wCV RCVCAM02-USC + wCRCRI + wRS RIretina + wDS RDSretina (9) 

 

3. RESULTS AND DISCUSSION 
Figure 5 and Figure 6 shows the results of psychophysical experiments in IQI3D. In Figure 
6, we normalized the successive categories from 0 to 1. We can see the all AMOLED 
displays have a high preference than LED displays. Finally, we conducted a one-way 
ANOVA in each result of the experiments, showing some of differences reach their 
significant levels as shown in green shaded cells in Table 5 and Table 6. The results 
indicated the threshold is 0.09 when observers can discriminate 3D depth effect easily. As 
the same way in Table 6, the base rate of subjective evaluation can be earned from the 
difference ratio in IQI3D and subjective evaluation is 0.9158, thus we can know roughly 
how much the subjective 3D depth feeling will be according to IQI3D value. 
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Table 4. IQI3D evaluation results 

 

Figure 6. Visual image quality obtained by successive categories experiment 
Left side: result of binocular, Right side: result of monocular 

 

 

 
ALED 

p1 
ALED 

p3 
ALED 

p4 
LCD 
p1 

LCD 
p3 

ALED 
tablet 

LCD 
tablet 

0

0.2

0.4

0.6

0.8

1

ALED
tablet

LCD
tablet

ALED
p1

ALED
p3

ALED
p4

LCD
p1

LCD
p2

Su
cc

es
siv

e 
ca

te
go

ri
es

 

0

0.2

0.4

0.6

0.8

1

ALED
tablet

LCD
tablet

ALED
p1

ALED
p3

ALED
p4

LCD
p1

LCD
p2

Su
cc

es
siv

e 
ca

te
go

ri
es

 

 

 

  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

4. CONCLUSIONS 
We developed image quality index for color (IQIcolor) for evaluating the image qualities of 
color and sharpness, and image quality index for 3D perception (IQI3D) for evaluating 
depth perception. In IQIcolor, we found that as bigger values displays had, the better image 
qualities were perceived. In IQI3D, there are the same tendencies with IQIcolor in perceiving 
3D depth effect. The results also suggest that the IQI3D difference of 0.1 could cause an 
easily perceptible difference of depth between different displays. 
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ALED 

p1 
ALED 

p4 LCD p1 LCD p3 ALED 
tablet 

LCD 
tablet 

ALED p1 0 -0.110 -0.280 -0.227 0.275 -0.189 
ALED p4 0.110 0 -0.170 -0.117 0.158 -0.078 
LCD p1 0.280 0.170 0 0.053 0.328 0.091 
LCD p3 0.227 0.117 -0.053 0 0.275 0.038 

ALED tablet -0.048 -0.158 -0.328 -0.275 0 -0.237 
LCD tablet 0.189 0.078 -0.091 -0.038 0.237 0 

 
ALED 

p1 
ALED 

p3 
ALED 

p4 
LCD 
p1 

LCD 
p3 

ALED 
tablet 

LCD 
tablet 

ALED p1 0 0.037 -0.110 -0.280 -0.227 0.048 -0.189 
ALED p3 -0.037 0 -0.147 -0.317 -0.264 0.011 -0.226 
ALED p4 0.110 0.147 0 -0.170 -0.117 0.158 -0.078 
LCD p1 0.280 0.317 0.170 0 0.053 0.328 0.091 
LCD p3 0.227 0.264 0.117 -0.053 0 0.275 0.038 

ALED tablet -0.048 -0.011 -0.158 -0.328 -0.275 0 -0.237 
LCD tablet 0.189 0.226 0.078 -0.091 -0.038 0.237 0 

Table 5. The differences of IQI3D in paired comparison 

 

Table 6. The differences of IQI3D in subjective evaluation 
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Imageries of Edible Souvenirs Evoked by Colours and Visual Textures 
of Packages
Shuo-Ting WEI

Department of Visual Communication Design, TransWorld University, Taiwan

ABSTRACT
In the recent few years, Taiwan’s travel industry has witnessed a surge in tourist numbers and 

the spending by tourists in souvenirs has increased accordingly. This has led to a larger yet more 
competitive market of tourism souvenirs, i.e., commemorative merchandise associated with a location 
to provide tourists a memento of their visit and to encourage an opportunity for a return visit. Thus, 
seeking approaches to highlight features and to create a unique identity (e.g., product feature, brand 
images…etc) for tourism souvenirs has received a great deal of attention from package designers. 
Among many aspects, colors and visual textures of packaging materials are two essentials of design 
that conveys product features and brand images.

Papers and cartons are the most frequently-used packing materials which contain numerous 
types of appearance. In the current study, we aim to examine the relationship between imagery and 
appearance of packing papers in terms of colours and visual textures. 

To achieve this, we firstly collected words that are used to describe appearance of packing 
papers (e.g. rough and smooth) and moods of design (e.g. elegant and traditional) in the context of 
edible souvenirs. These words were collected from relevant studies and verbatim of interviews for 
design experts. Secondly, we collected 10 frequently used packing papers. Each of them was printed 
using 20 colours. The 20 colours were selected to give a reasonable coverage in CIELAB space. 
Thirdly, we adopted semantic differential and asked 25 participants to visually assess the 200 colour-
printed packing papers (i.e. 20 colours across 10 packing papers). Each of the packing papers was 
presented in a form of a 20*12*4 cm3 box. This was to simulate the papers being seen in the context 
of souvenirs. The participants were asked to evaluate stimuli according to the appearance of the largest 
side of the boxes (i.e. the side of 20*12 cm2 ).

The experiment is still in progress. According to the observation during the visual assessments, 
e e ecte  an in ignificant gen er i erence  e a o e ecte  t at agreement  et een artici ant  

were better for assessing the appearance than assessing the mood of design of packing papers. Several 
interesting phenomena were also expected, such as rough papers looked more traditional than smooth 
papers did.

In the full paper, the details of experimental set up and the results will be given. The imagery 
of colours in the context of packaging for edible souvenirs will then be discussed, followed by the 
i c ion o  t e in ence o  i a  te t re on co o r imager

 

 

Imageries of Edible Souvenirs Evoked by Colours and 
Visual Textures of Packages 

Shuo-Ting WEI 

Department of Visual Communication Design, TransWorld University, Taiwan 

ABSTRACT 
The current study aims to investigate the relationship between imagery and appearance of 
packing papers for edible souvenirs in terms of colours and visual textures. To achieve this, an 
experiment of categorical judgments was carried out. 25 observers provided integers from 1 to 7 
to show their opinions for 100 stimuli with 12 different textures. The 20 bipolar scales of 
imagery were assessed for each stimulus. The results showed that only the imagery of roughness 
was significantly influenced by texture. For the effect of colour on imagery, we found that 
packing papers with light colours are more likely to be considered soft and relax. Red and 
orange were considered warm and friendly colours, whereas cyan and blue were associated with 
cool and unfriendly. The 20 imageries for the appearance of packing papers can be explained 
using 4 principal imageries. They explained 80.41% of total variations. 

1. INTRODUCTION 
In the recent few years, Taiwan’s travel industry has witnessed a surge in tourist numbers and 
the spending by tourists in souvenirs has increased accordingly. This has led to a larger yet more 
competitive market of tourism souvenirs, i.e., commemorative merchandise associated with a 
location to provide tourists a memento of their visit and to encourage an opportunity for a return 
visit. Thus, seeking approaches to highlight features and to create a unique identity (e.g., product 
feature, brand images…etc) for tourism souvenirs has received a great deal of attention from 
package designers. Among many aspects, colors and visual textures of packaging materials are 
two essentials of design that conveys product features and brand images. In this study, we aim 
to examine the relationship between imagery and appearance of packing papers for edible 
souvenirs in terms of colours and visual textures. 

Many of the relevant studies regarding the imagery of colour, or colour emotion, tended 
to agree that imagery of heat, i.e. warm and cool, is highly associated with hue. The 
imageries of hardness (i.e. hard and soft) and weight (i.e. heavy and light) are associated 
with lightness. Activity and clearness, on the other hand, tend to be associated with chroma 
(Kobayashi, 1981; Sato et al., 2000; Ou et al., 2004; Lee & Lee, 2005; Gao et al., 2007). In 
the recent years, the relationship between colour and imagery was proved to be impacted by 
visual textures. Lucassen et al. (2011) investigated the influence of texture on the imagery 
of colours. They concluded that texture cannot be ignored in colour emotion studies as they 
found that the imagery of hardness is fully determined by texture, and in decreasing extent 
for masculine–feminine, heavy–light, and warm–cool. Simmons & Russell (2008) also 
found that the imagery of pleasantness was impacted by texture. People tended to feel 
unpleasant for colour samples with textures. The extent of unpleasantness was determined 
by types of textures. 
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souvenirs in terms of colours and visual textures. 
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to agree that imagery of heat, i.e. warm and cool, is highly associated with hue. The 
imageries of hardness (i.e. hard and soft) and weight (i.e. heavy and light) are associated 
with lightness. Activity and clearness, on the other hand, tend to be associated with chroma 
(Kobayashi, 1981; Sato et al., 2000; Ou et al., 2004; Lee & Lee, 2005; Gao et al., 2007). In 
the recent years, the relationship between colour and imagery was proved to be impacted by 
visual textures. Lucassen et al. (2011) investigated the influence of texture on the imagery 
of colours. They concluded that texture cannot be ignored in colour emotion studies as they 
found that the imagery of hardness is fully determined by texture, and in decreasing extent 
for masculine–feminine, heavy–light, and warm–cool. Simmons & Russell (2008) also 
found that the imagery of pleasantness was impacted by texture. People tended to feel 
unpleasant for colour samples with textures. The extent of unpleasantness was determined 
by types of textures. 

 

 

2. METHOD 
Visual assessments using the categorical judgment method (Torgerson, 1958) were 
conducted to obtain psychological responses with regard to imageries of packing papers. 
The experimental settings and procedures are described below. 

2.1 Stimuli Preparation 
A hundred of packing papers were selected in this study as the materials for stimuli 
preparation. As shown in Figure 1, the papers include 12 different textures. Each texture 
has multiple colours from 1 to 21. These papers are frequently used in graphic design and 
package design. Figure 2 shows the CIELAB values of the 100 papers, which gives a good 
coverage in a*-b* plane. The reason why colours of lightness below 20 were missing is 
because surfaces of the papers are matt, which naturally produces diffuse reflection of light. 
The packing papers were presented in a form of 20*12*4 cm3 boxes in the experiment as 
visual stimuli, as shown in Figure 3. This was to simulate the papers being seen in the 
context of souvenirs. 

      
T1 T2 T3 T4 T5 T6 

      
T7 T8 T9 T10 T11 T12 

Figure 1 The 12 textures of packing papers examined in this study. 
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Figure 3 An example of 
the visual stimuli 

2.2 Scales of Imagery 
Twenty bipolar scales of imagery were used in this study to measure observers’ opinions 
about appearance of packing papers in terms of colour and texture. These scales includes 
heavy – light, complex – simple, natural – artificial, rough – smooth, local – international, 
active – passive, dislike – like, old – new, romantic – realistic, casual – formal, realistic – 
exaggerated, fresh – overdue, hard – soft, relax – serious, cheap – expensive, warm – cool, 
friendly – unfriendly, delicious – insipid, plain – gorgeous and loose – tight. These scales 
are relevant to package design (e.g. romantic – realistic), colour appearance (e.g. warm–
cool), texture appearance (e.g. rough – smooth) or food souvenir (e.g. delicious – insipid). 
They were chosen by five package designers using KJ method, i.e. affinity diagram. 
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Integer eget neque ac ex lobortis consequat. Morbi non eros arcu. Donec convallis sem 
et augue cursus, vel rutrum orci sollicitudin. Quisque vel nulla felis. Sed scelerisque mollis 
consectetur. Integer lacinia nec ex nec consectetur. Phasellus finibus sollicitudin volutpat. 
Nunc eget nibh lacus. Vivamus commodo convallis turpis, et dignissim ex suscipit id. 
Phasellus lorem massa, auctor nec porttitor a, dignissim id tellus. Nam laoreet ut ante vitae 
pulvinar. Proin est ipsum, iaculis sit amet ipsum nec, mattis hendrerit nisi. Quisque nec 
orci sed metus interdum molestie sit amet vitae arcu. In hac habitasse platea dictumst. Sed 
volutpat lectus at lorem vehicula blandit. Donec fermentum ligula sit amet augue finibus 
ornare congue a purus. 

2.3 Observers 
Twenty five observers participated in this study, including 13 females and 12 males. All of 
them were undergraduate students at the TransWorld University, Taiwan. All of them 
major in graphic design. The ages of these observers ranged from 20 to 22 with an average 
of 21. All observers passed the Ishihara test to ensure normal colour vision. 

2.4 Experimental Procedures 
The experiment was carried out in a dark room. The visual stimuli were presented in a 
viewing cabinet and illuminated using D65. The observers were seated approximately 
30cm from the near edge of the viewing cabinet. During the experiment, the observers 
provided integers from 1 to 7 to show their opinions for the 100 stimuli. The 20 bipolar 
scales of imagery were assessed for each stimulus. The whole experiment was divided into 
4 sessions of equal numbers of assessments. The observers completed the 4 sessions within 
two weeks. 

3. RESULTS 

3.1 Consistency of Responses 
The consistency of observers’ responses was firstly investigated by examining intra- and inter-
observer agreements using the measure of root mean square (RMS). For intra-observer 
agreement, the results revealed that most of the RMSs between repeated assessments were 
around 1 unit with the mean RMS of 1.07 units for female observers and 1.08 units for 
male observers. This indicates high intra-observer agreement, as the differences between 
repeated assessments for both male and female were around 1 category of the 7-category 
measurement scale. 

In the case of inter-observer agreement, the mean values of RMS were 1.37 for female 
and 1.33 for male observers. This indicates that the differences between individual 
observers’ responses and the responses of the majority were less than 1.5 categories of the 
7-category measurement scale, suggesting reliable inter-observer agreement. 

3.2 Gender Differences 
Gender differences were investigated using the measure of root mean square (RMS, see 
equation 1), too. It was found that the RMS value is 0.92, which is slightly smaller than 1 unit 
of the 7-category measurement scale. This suggests small differences of experimental 
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results between female and male observers. Hence, the imageries of the visual stimuli were 
determined by mean scores of the 25 observers’ raw data. 

3.3 The Influence of Textures 
The results of the stimuli with beige and cyan colours were selected to analyse the 
influence of textures. We found that only the imagery of rough – smooth was significantly 
influenced by texture. Figure 4(a) illustrates the results of rough – smooth against 9 
different textures with error bars of 95% confidence interval. Dots and crosses denote beige 
and cyan samples, respectively. The figure shows that the texture of flax (T4) and texture 
of kneaded paper (T8) were considered rough textures (p<.05). Although in average the 
texture of wood (T7) was considered rough, the results did not significantly lower than the 
score 4.  

Hard – soft, the scale that was concluded by Lucassen et al. (2011) to be fully 
determined by texture, did not show the same result in the current study. As shown in 
Figure 4(b), most of the 9 textures were considered soft for both beige and cyan colours. In 
addition, beige colour looked much softer than cyan colour (p<.05) for the stimuli with the 
textures of T2, suggesting that colour influences the imagery of hard – soft. 

1

4

7

雲
彩

(T
1)

粉
彩

(T
2)

丹
迪

(T
3)

亞
麻

(T
4)

岩
紋

(T
5)

木
紋

(T
7)

手
揉

(T
8)

佳
禾

(T
10

)

銀
龍

(T
12

)

R
ou

gh
 --

Sm
oo

th

 
(a) 

1

4

7
雲
彩

(T
1)

粉
彩

(T
2)

丹
迪

(T
3)

亞
麻

(T
4)

岩
紋

(T
5)

木
紋

(T
7)

手
揉

(T
8)

佳
禾

(T
10

)

銀
龍

(T
12

)

H
ar

d 
--

So
ft

 
(b) 

Figure 4 (a) Roughness and (b) hardness scores of the 9 textures 
with beige (dots) and cyan (crosses) colours. 

3.4 The Influence of Colours 
The influence of colours was examined in terms of lightness, hue and chroma. We found 
that some scales of imagery were affected by lightness and chroma. However, Chroma of 
packing papers neither correlated well with the scales of imagery nor showed any clear 
nonlinear trend. 

The scales of heavy – light, hard –soft and relax – serious were highly correlated with 
lightness. The correlation coefficients R equals .88, .74 and -.80, respectively. This 
suggests that packing papers with light colours are more likely to be considered soft and 
relax no matter what kind of texture is used. Figure 5 shows the scatter plots of hue against 
the scales of warm – cool and friendly – unfriendly. It was found that both scales of 
imagery were associated hue with clear nonlinear trends. Red and orange were considered 
warm and friendly colours, whereas cyan and blue were associated with cool and 
unfriendly. 
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Figure 5 the scatter plots of hue angle against 

warm – cool and friendly – unfriendly. 
Figure 6 the scatter plot of hue 

angle against the component C3. 

3.5 Principal Imageries 
Principal Component Analysis (PCA) was carried out to investigate whether there is any 
underlying principal component that can be used to explain the experimental results of the 
20 scales of imagery. As a result, 4 principal components were found and they explained 
80.41% of total variations. The components and the included scales of imagery are given in 
Table 1. Component C1 was highly correlated with lightness of packing papers (R = -.84). 
C2 and C3 were moderately with yellowness-blueness (i.e. b*) and Chroma, respectively 
(R = -0.51 and -0.63). The scatter plot of C3 against hue also revealed a clear nonlinear 
trend as shown in Figure 6. No clear trend was found between the component C4 and 
colour attributes. 

Table 1 The 4 principal components and their relevant imageries. 

Components C1 C2 C3 C4 
Scales of 
imagery 

complex – simple cheap - expensive realistic - exaggerated warm - cool 
rough – smooth loose - tight romantic - realistic friendly - unfriendly 
dislike – like natural - artificial active - passive delicious - insipid 
old – new hard - soft  fresh - overdue 
local - international plain - gorgeous   
heavy - light relax - serious   
casual - formal    

4. CONCLUSIONS 
This study aims to investigate the imagery of packing papers for edible souvenirs. More 
specifically, we examine the relationship between imagery and appearance of packing 
papers in terms of colours and visual textures. To achieve this, visual assessments using the 
categorical judgment method were conducted to quantify psychological responses with 
regard to imageries of packing papers. A hundred packing papers with the 12 different 
textures were visually assessed by the 25 observers using the 20 bipolar scales of imagery. 
The results revealed that only the imagery of rough – smooth was significantly influenced 
by texture. For the effect of colour on imagery, we found that heavy – light, hard –soft and 
relax – serious were highly correlated with lightnes, suggesting that packing papers with 
light colours are more likely to be considered soft and relax. The scales of warm – cool and 
friendly – unfriendly were associated with hue angle. Red and orange were considered 
warm and friendly colours, whereas cyan and blue were associated with cool and 
unfriendly. Chroma of packing papers neither correlated well with the scales of imagery 
nor showed any clear nonlinear trend. The results of PCA suggest that imagery of packing 
papers for edible souvenirs can be adequately explained using 4 principle imageries. 
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4. CONCLUSIONS 
This study aims to investigate the imagery of packing papers for edible souvenirs. More 
specifically, we examine the relationship between imagery and appearance of packing 
papers in terms of colours and visual textures. To achieve this, visual assessments using the 
categorical judgment method were conducted to quantify psychological responses with 
regard to imageries of packing papers. A hundred packing papers with the 12 different 
textures were visually assessed by the 25 observers using the 20 bipolar scales of imagery. 
The results revealed that only the imagery of rough – smooth was significantly influenced 
by texture. For the effect of colour on imagery, we found that heavy – light, hard –soft and 
relax – serious were highly correlated with lightnes, suggesting that packing papers with 
light colours are more likely to be considered soft and relax. The scales of warm – cool and 
friendly – unfriendly were associated with hue angle. Red and orange were considered 
warm and friendly colours, whereas cyan and blue were associated with cool and 
unfriendly. Chroma of packing papers neither correlated well with the scales of imagery 
nor showed any clear nonlinear trend. The results of PCA suggest that imagery of packing 
papers for edible souvenirs can be adequately explained using 4 principle imageries. 

 

 

ACKNOWLEDGEMENTS 
This research is partially supported by TransWorld University and sponsored by Ministry 
of Science and Technology, Taiwan, R.O.C. under Grant no. MOST 103-2221-E-265-002- 

REFERENCES 
Gao, X., Xin, J., Sato, T., Hansuebsai, A., Scalzo, M., Kajiwara K., Guan, S., Valldeperas, 

J., Lis. M., and Billger, M. 2007. Analysis of Cross-cultural Color Emotion, Color 
Research and Application 32: 223-229. 

Ishihara, S. 2003. Ishihara’s tests for colour deficiency. 38 Plates Edition. Tokyo: 
Kanehara Trading. 

Kobayashi, S. 1981. The Aim and Method of Color Image Scale. Color Research and 
Application 6: 93-107. 

Lee, Y. and Lee, J. 2005. The Development of an Emotion Model Based on Colour 
Combinations. International Journal of Computer Studies 30: 122-136. 

Lucassen, M.P., Gevers, T., Gijsenij, A. 2011. Texture Affects Color Emotion, Color 
Research and Application 36: 426-436. 

Ou, L., Luo, M. R., Woodcock, A. and Wright, A. 2004. A study of Colour Emotion and 
Colour Preference Part I: Colour Emotions for Single Colours, Color Research and 
Application 29: 232-240. 

Sato, T., Kajiwara, K., Hoshino, H. and Nakamura, T. 2000. Quantitative Evaluation and 
Categorizing of Human Emotion Induced by Color, Advances in Color Science and 
Technology 3: 53-59. 

Simmons, D. and Russell, C. 2008. Visual Texture Affects the Perceived Unpleasantness 
of Colours. Perception 37, ECVP Abstract Supplement, 146-146. 

Torgerson, W.S. 1958. Theory and methods of scaling. New York: John Wiley & Sons. 

Address: Dr. Shuo-Ting Wei, Department of Visual Communication Design, 
TransWorld University, No.1221, Zhennan Rd., Douliu City, Yunlin County 640, Taiwan 

E-mail: tim.stw@gmail.com 

707
AIC2015 TOKYO - Color and Image



PS1-54

A Study of the Preference and Orientation of “the Sense-oriented”
Takashi INABA

Nippon Color & Design Research Institute Inc.

ABSTRACT
The purpose of this study is to compare the preference and awareness of people who are actively 

interested in color, design, art and fashion with those of the average- and low-interest groups and to 
clarify their characteristics.

The survey was conducted on 1440 Japanese male and female subjects, aged 18 to 69 years. The 
questionnaire consisted of two parts: the first involving color preference and color image, showing 

 co or   am e  o  t e fi e co or com ination   attern  an  ome otogra  o  ario  
items in daily life such as interior designs, clocks, cars, etc.; and the second consisting of 20 questions 
on a arene  o  ta te  c  a  a e o  confi ence in o r en e o  co or   o o  o ten go to 
t e e ent or e i ition  o  art an  e ign  an  o o   c ea er t ing e en t o g  t at i  not 
o r a orite co or an  e ign   e ect  are a e  to an er eac  e tion  c oo ing on t e 

5-point scale. 
The outcome of the factor analysis indicates: Factor I for the acquisition of the information 

and Factor II for the positive behavior for colors and design. Then by cluster analysis, four types are 
i entifie  gro   t at con i er  t at en e  are er  im ortant  gro   t at con i er  t at 
senses are rather important (35.0%), group 3 that thinks that senses are somewhat important (26.9%) 
and group 4 that is least interested in senses (22.5%). Group 1 shows the male-female ratio is 37% to 
63% and consists of more younger people than the other groups. After conducting the cross-tabulation, 
o r c ter  ere rofi e   ta te  intere t an  a arene  

 a re t  t e gro   t e en e oriente  gro  ma e more c oice  in m ti an er 
questions than the other groups, and showed certain characteristics in the categories they were 
intere te  in  or e am e  omen o  gro   e ecte  t e or  c a  e egant  an  

o i ticate  a  t eir a orite image  i e t o e o  gro   t e o intere t gro  c o e t e 
or  com orta e  nc ttere  an  r tic

For their favorite material, group 1 selected cashmere and silk, while group 4 chose cotton 
and traditional Japanese paper. For color preference, group 1 selected, among others, cool colors 
such as marine-blue, turquoise and gold that are not preferred by the other groups. As for purchasing 
a arene  t e ratio o  eo e o agree  it  t e tatement en o  go o ing  o  regar  t e 
ee  o  te t re an  materia  a  im ortant  a  ig er in t e gro   t an t e ot er gro

 

 

A Study of the preference and orientation of  
"the sense-oriented" 

Takashi INABA 

Nippon Color & Design Research Institute Inc. 

ABSTRACT 

To decide the color of the product, it is desirable to reflect the preference of the users. 
When only one or two color use is permitted for a new product, it is important to choose 
novel and distinguishable colors. In order to achieve this, we offer a method to identify 
individuals with strong interest in colors, design, art and trends as “sense-oriented”, and 
refer to them as an index upon determining the colors of products. 

The “sense-oriented” females, obtained through a survey of 1,440 subjects, wish others to 
consider them as fashionable figures, and prefer the elegant and classy image. Moreover, 
they hold a preference for high-quality materials, brilliant colors such as red and gold, and 
cold colors with hues of B and BG. They are also enthusiastic consumers and set a high 
value on texture. 

1. INTRODUCTION 

Upon deciding the color of a product, it is important to reflect the users’ color needs. 
When it is possible to have color variations for a single product, the colors can be set for 
each user group with different needs. If that is not the case, it is a common solution to 
choose a popular color among the general population which consequently results in a 
situation where many products have the same color, which leads to the lack of distinction 
and novelty.  

The introduction of the method to identify individuals who actively adopt new colors and 
using their preferred colors on new products will bring novel colors to the market, which 
could potentially lead other users to follow and consume those colors. The process is to 
first select people with strong interest in colors and design, then within that group 
determine individuals who are interested in the field of that product, who will then serve as 
the index for the target as color leaders. 

In this research, as the primary step, people with strong interest in colors, design and trends 
were selected, then were compared to those who lack interest in the subject area for color 
and image preference. 

2. METHOD 

The survey was conducted online on 1,440 male and female subjects, ages ranging from 18 
to 69 years old. The questionnaire consisted of two parts: Part 1 Questionnaires to research 
the awareness of colors, design, art and trends, and Part 2 Questionnaires to research color 
preference by presenting visuals.  

20 questionnaires, such as "Have you confidence in your sense of color ? ", "Do you often 
go to the event or exhibitions of art and design ?" and "Do you buy cheaper thing even 
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though that is not your favorite color and design ? ", were set to select out individuals with 
strong interest in colors, design and trends. The subjects answered the questionnaires on a 
5 point scale.  

 In the questionnaire to research the preference by presenting visuals, 48 colors selected 
from Hue & Tone system were used in order avoid bias (Figure 1). 

 

red orange yellow yellow
green

green cerulean
blue

ultra-
marine

purple magenta rouge
coral

apricot canary
yellow

turquoise sky blue sax blue lavender rose pink baby pink ivory mint green

pale blue pink beige beige mist green powder
blue

sand beige rose beige slate blue old rose brown

khaki mustard spray
green

shadow
blue

lilac brick red coffee
brown

olive bottle
green

midnight
blue

dark
mineral

blue

wine white silver gray smoke
gray

black gold silver

 
Figure 1: Color Samples. 

3. RESULTS AND DISCUSSION 

Factor analysis was performed on the data from the questionnaires on colors, design, art 
and trends (maximum likelihood method, Promax factor rotation with Kaiser’s 
normalization). Pattern matrix is shown in the Table 1.  

Factor 1 indicates the acquisition of information, such as familiarity with events regarding 
design and art, and the knowledge of trend colors and designs. Factor 2 indicates the actual 
actions taken, such as adopting colors and designs into their daily lives or how much they 
put emphasis on colors and designs upon purchasing items.  

Cluster analysis was then conducted. As a result, 1,440 subjects were divided into four 
clusters. Regarding the component ratio, Cluster 1 is the smallest at 15.6% whereas Cluster 
2 is the largest at 35.0% as shown in Table 2.  Figure 2 presents the cluster center of each 
cluster.  
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Table 1.  Pattern matrix(Factor analysis). 

1 2
Do you know "Milano Salone","Tokyo Designer's Week" ? 0.977 -0.250
Do you often go to the event or exhibitions of art and design ? 0.910 -0.140
Are you engaged in color and design on business (or study) ? 0.873 -0.173
Do you have a favorite designer of product or fashion ? 0.863 -0.024
Are you well informed of art and design ? 0.845 -0.028
Do you often watch TV programs, Web sites, magazines on art and design ? 0.828 0.012
Do you know the latest trendy colors ? 0.780 0.043
Do you like finding the information of trends about color and design in magazines or
on the Internet ? 0.582 0.230

Do your family or friends ask you for advice how to use colors ? 0.548 0.322
Do you often go to fashionable shops and town ? 0.508 0.325
Do you pay attention to a new package of beverage, confectionery and foods ? 0.417 0.317
Do you buy cheaper thing even though that is not your favorite color and design ? -0.474 0.830
Do you think color and design enrich people's life ?  -0.090 0.786
Do you know the color that suits yourself ? -0.003 0.719
Are the colors and design of your clothes and room coordinated by your own taste ? 0.077 0.701
Do you like making the coordination of fashion or interior ? 0.181 0.695
Do you want to buy a product that nobody has the similar design ? 0.030 0.658
Do you often buy a product because you are attracted by its color and design ? -0.036 0.643
Do you check the color of your clothes and accessories so that it won't be the same
with others around you ?

0.173 0.612

Are you praised for the color coordination of your clothes and accessories ? 0.229 0.611
Do you like going window-shopping or looking display of products ? 0.256 0.562
Have you confidence in your sense of color ? 0.265 0.543
Do you try to use the colors that match to the season ? 0.264 0.540
Can you explain the good points of the product design that you chose ? 0.444 0.453
Do you want to use trendy colors into your daily life ? 0.336 0.401

FACTOR

 
 

Cluster 1 holds a positive position for both Factor 1 “information” and Factor 2 “actions”, 
which indicates that Cluster 1 considers their sense, interests in colors, design and trends, 
to be essential. They were categorized as “sense-oriented”. Cluster 2 regards sense as an 
important factor, though not as much as Cluster 1, therefore were categorized as “semi 
sense-oriented”. Cluster 3 and Cluster 4 were identified as “average” and “low-interest”, 
respectively. Regarding the component ratio of sex, Cluster 1 had the highest female ratio, 
whilst Cluster 4 had the highest male ratio.  

 
Table 2.  Component ratio. 

　　　%
Cluster1 "sense-oriented "(sensibility as important ) 15.6%
Cluster2 "semi sense-oriented" ( sensibility a little ) 35.0%
Cluster3 "average" 26.9%
Cluster4 "low-interest" 22.5%

N=1440  
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Figure 2: Cluster score matrix. 

 
A comparison was then performed between Cluster 1 “sense-oriented” and the other 
clusters for color and image preferences. Since color preference differs by gender, the 
analysis was separately performed on males and females. The following is the result of the 
female subjects. 
Figure 3 presents the result of individuals from the “sense-oriented” cluster and individuals 
from other remaining clusters choosing a single favorable color. Additionally, a Chi-
squared test was performed to investigate the presence of a significant difference between 
the two groups. As a result, there was a significant difference in turquoise, red and gold 
(P<0.01), and lavender, white, ultra marine, mint green and dark mineral blue (P<0.05).  
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Figure 3: Color Preferences. 
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Moreover, in the material category, cashmere and silk were P<0.01, and porcelain and 
linen were P<0.05 (Figure 4). 
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Figure 4: Material Preferences. 

 
 
When the subjects were asked to choose a favorite image word, elegant (P<0.01), and 
refined, polished and feminine (P<0.05) presented a significant difference (Figure 5). 
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Figure 5: Favorite Image Word. 

 
In the questionnaire on how they wish to be viewed by others, fashionable, person with 
good taste and intelligent (P<0.01), and polished (P<0.05) presented a significant 
difference. 
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In the questionnaire on how they wish to be viewed by others, fashionable, person with 
good taste and intelligent (P<0.01), and polished (P<0.05) presented a significant 
difference. 

 

 

In the questionnaire regarding their perspective on purchasing, there was a significant 
difference (P<0.01) between “sense-oriented” and others in the following: 
 
I love shopping (sense-oriented 36.6%, others 23.9%) 
I buy items I like even if it is slightly out of my range (35.9%, 18.9%) 
I put a high value on the sense of touch and the texture upon purchasing (35.2%, 17.0%) 
The country of origin of the product is significant to me (33.1%, 15.2%) 
I will put emphasis on the design if the price is the same (30.3%, 15.9%) 
I am confident in my judgment to choose a good product (27.5%, 10.9%) 
I have my own preference for specific brands and companies (23.2%, 8.1%) 
 
The above results indicate that the “sense-oriented” females desire to be viewed as 
fashionable and favor elegant and polished images. Regarding their perspective on 
purchasing, they are proactive buyers with specific preference for the countries of origin of 
the product and the brands. Moreover, their value on not only the appearance of the 
product but also the texture of it became apparent as they favored high quality materials 
such as cashmere and silk. 
They favor vibrant, brilliant colors such as red and gold, along with colors in several tones 
which give out a cool impression such as turquoise, ultra marine, mint green and dark 
mineral blue. 

4. CONCLUSIONS 

By presuming that it is crucial to reflect user preference upon deciding the best color for a 
product, the method to select individuals with strong interest in colors, design and trends 
among product users, and using their preference as an index to select colors and designs 
for products was presented.  

A survey was conducted on 1,440 subjects, with questionnaires to evaluate the subjects’ 
value on their sense, and questionnaires to study their favorite colors and materials, which 
was then used to select a “sense-oriented” group. The results indicated that the “sense-
oriented” females value their sense, quality and elegance, and have high buying intention. 
Furthermore, when compared to females in the non-“sense-oriented” groups, they favor 
brilliant warm colors with high saturation, and cold colors in various tones which convey a 
cool impression.  

In this manner, the efficacy has been partially verified regarding the method to refer to 
“sense-oriented” females as an index to select product colors in the process of product 
development. 
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ABSTRACT
In a history of research concerning color preference, preference judgment has been measured 

via explicit behaviors, such as verbal report and so on. In many recent psychological studies, 
however, it has been indicated that expressed attitude measured with explicit methods often differs 
from underlying implicit attitude.  In our recent studies, we have tried to measure participants’ 
implicit attitude toward color, and succeeded to measure their implicit color preference by analyzing 
strength of implicit associations between a psychological concept of goodness and specific colors.  
These investigations might contribute for our better understandings about underlying psychological 
mechanism in generating individual color preference, and also for developing new and effective 
methods that we can utilize in measuring color preference.   In our previous studies, we employed 
conventional computer-based implicit association test (IAT) in order to measure implicit color 
preference.   In IAT measurements, the participants were asked to press designed keys in discrimination 
tasks, and implicit color preferences were calculated based on the differences of reaction times.  The 
procedure is suitable for measuring the participants color preference with avoiding their intentional 
indications (thus, measurements must be implicit).  On the other hand, conventional IAT measurement 
re ire  con i era e te t ration  in i o ate  in i i a  e eriment   t ma e  re earc er  i fic t 
to collect data from mass participants and grab general tendencies concerning color preference in 

ecific gro   n t e re ent t ie  e trie  to mea re t e artici ant  im icit co or re erence 
using paper formatted IAT.  It makes us enable to execute psychological experiments simultaneously 
in a massy group to collect preference data from considerable number of participants.  In a paper-and-
pencil style IAT, the participants were asked to manually tick a list of discrimination targets (printed 
on paper), instead of a computer-based key pressing.  We can assess relative implicit color preferences 
by calculating differences of number of the items that the participants could make judgments.  Over 
200 undergraduate participants took part in paper-format IAT to measure relative preference between 
red and green, blue and yellow, and also black and white.   Target colors were presented by either 
co or name  or o ect  ic  can ea i  ma e t e artici ant  reca  ecific co or  ot  o  t em ere 
displayed in Japanese characters).  Two separated paper-format IATs were repeated with inter test 
interval of one month.  Results of psychological experiments indicated that 1) correlations between 
implicit color preference measured by paper-format IAT and explicit color preference measured by 
i a  ana og e ca e S  ere re ati e  o  t ti  ignificant   corre ation  et een im icit 

and explicit color preferences were varied with different target colors (red-green, blue-yellow and 
black-white) and difference color presentation (color name and object name), and 3) correlations 
between two distinct IATs were considerably high.  These results suggested that paper-format IAT 
holds a considerable reliability (and a certain validity so far) in measuring relative implicit color 
preference, and we can utilize it for measurements of color preference in a group experiment.
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ABSTRACT 
In a history of research concerning color preference, preference judgment has been 
measured via explicit behaviors, such as verbal report or so on. In many recent 
psychological studies, however, it has been indicated that expressed attitude measured with 
explicit methods often differs from underlying implicit attitude.  In the present studies, we 
tried to analyze an implicit attitude toward color, using implicit association test (IAT).  
Paper-and-pencil style IAT (paper-IAT) makes us enable to execute psychological 
experiments simultaneously in a massy group to collect preference data from considerable 
number of participants. In a paper-IAT, the participants were asked to manually tick a list 
of discrimination targets (printed on paper). We can assess relative implicit color 
preferences by calculating differences of number of the items that the participants could 
make judgments. 234 undergraduate participants took part in paper-IAT experiments to 
measure relative preference between red and green, blue and yellow, and also black and 
white. Target colors were presented by either color names or object names which can easily 
make the participants recall specific colors. Two separated IAT experiments were repeated 
with an interval of five weeks. Results of psychological experiments indicated that 
correlations between implicit color preference measured by IAT and explicit color 
preference measured by visual analogue scale (VAS) were significant in chromatic color 
evaluations (red-green and yellow-blue), but not in the case of achromatic color (white-
black). It was also shown that correlations between two repeated IATs were significant. 
These results suggested that paper-IAT holds a considerable reliability in measuring 
relative implicit color preference, and we can utilize it for measurements of color 
preference in a group experiment. 

1. INTRODUCTION 
Color preference has been one of the biggest concerns in the color sciences for long years.  
The color preference has been measured by various methods in accordance with the 
researcher’s interest.  In most cases, the methods in measuring color preference would be 
based on the participants’ explicit behavior, such as verbal report or so on.  Typically, an 
investigator may simply ask the participants to select their most preferred or hated color 
from a set of candidate colors. In many recent psychological studies, however, it has been 
indicated that explicitly expressed attitude often differs from underlying implicit attitude.  
Thus, in the present investigation, we tried to analyze implicit attitude toward color, using 
implicit association test (IAT; Greenwald et al, 1998).  IAT is recognized as one of the 
most conventional methods in measuring implicit attitude in psychological studies.  In IAT, 
participants discriminate target words into two criteria. In the condition where two 
psychological concepts which are mutually associated with each other are paired in 
discriminatory criteria, the participant’s reaction is facilitated (reaction time is reduced), 
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1. INTRODUCTION 
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The color preference has been measured by various methods in accordance with the 
researcher’s interest.  In most cases, the methods in measuring color preference would be 
based on the participants’ explicit behavior, such as verbal report or so on.  Typically, an 
investigator may simply ask the participants to select their most preferred or hated color 
from a set of candidate colors. In many recent psychological studies, however, it has been 
indicated that explicitly expressed attitude often differs from underlying implicit attitude.  
Thus, in the present investigation, we tried to analyze implicit attitude toward color, using 
implicit association test (IAT; Greenwald et al, 1998).  IAT is recognized as one of the 
most conventional methods in measuring implicit attitude in psychological studies.  In IAT, 
participants discriminate target words into two criteria. In the condition where two 
psychological concepts which are mutually associated with each other are paired in 
discriminatory criteria, the participant’s reaction is facilitated (reaction time is reduced), 

and vice versa in the condition where the psychological concepts without implicit 
association are paired.  IAT utilizes differences of reaction time in categorical judgment in 
order to measure participants’ implicit attitude without their conscious and arbitrary 
indication.  

In our previous reports, we tried to measure implicit associations between specific color 
combinations (red-green and white-black) and psychological concepts of pleasantness 
/unpleasantness, and found that significant positive correlations between IAT scores and 
explicitly measured color preference (by visual analogue scale [VAS]) in the case of  
chromatic color (red-green), but not in the achromatic case (white-black) (Nakamura & 
Nodera, 2014). The previous experiments employed four different styles of target color 
presentation, namely color name, color patch, object name and object picture. Correlations 
of IAT scores across the different targets were considerably high, indicating that IAT can 
be reliable and quite stable in measuring participant’s implicit color preference.  

The previous investigation successfully demonstrated that IAT can be utilized as one of 
the possible implicit measurements concerning the participant’s color preference. On the 
other hand, conventional IAT measurement requires considerable test durations in isolated 
individual experiments. It makes researchers difficult to collect data from mass participants 
and grab general tendencies concerning color preference in specific groups. In the present 
studies, we tried to measure the participants’ implicit color preference using paper-and-
pencil style IAT (paper-IAT; Lemm et al, 2008). It makes us enable to execute 
psychological experiments simultaneously in a massy group to collect preference data from 
considerable number of participants. In a paper-IAT, the participants were asked to 
manually tick a list of discrimination targets (printed on paper), instead of a computer-
based key pressing in the case of conventional IAT.   

2. METHOD 
Before participating IAT sessions, the participants’ explicit color preferences were 
measured with visual analogue scale (VAS).  In VAS session, the participants answered 
degree of preference/hate towards six colors (white, black, red, green, blue and yellow), by 

ra ing a   on ine o e en  ere corre on  to com ete  i i e  an  
com ete  i e   n  e ion  t e  ere participated in IAT trials measuring 

implicit associations between pleasantness/unpleasantness and targeted colors.  Target 
color combinations were red-green, blue-yellow or white-black.  IAT sheets were supplied 
to the participants.  Each sheet was composed by 20 rows and three columns of target 
words, belonging to either the following four categories; target color1, target color2, 
pleasant and unpleasant (see figure 1).  The target color was presented as 1) color name or 
2) object name.  In both cases, the target color was presented in Japanese with Chinese 
character. Table 1 indicates the objects employed in the object name conditions to represent 
the target colors. Pleasant and unpleasant words were also presented as nouns which 
represent the target concepts (e.g., happiness, peace or fortune for pleasant, and misery, 
pollution or evil for unpleasant words, in Japanese with Chinese character).  

The participant’s task was to discriminate and categorize the word, and tick a check 
mark at corresponding box (either left or right) located both sides of each target word. They 
executed two discrete discriminations simultaneously; colors and pleasant/unpleasant.  
Time limitation for discrimination in each sheet was 20 seconds. In a case of red-green 
evaluation, for example, two IAT sheets were employed. The participants were requested to 
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GOOD or REDGOOD or REDGOOD or REDGOOD or RED BAD or GREENBAD or GREENBAD or GREENBAD or GREEN

□ war ☑
□ leaf ☑
☑ post □
□ green ☑
□ grass ☑
☑ apple □
☑ red □
☑ red □
□ green ☑
☑ fortune □
□ misery ☑
☑ peace □

Figure 1 Sample of Paper-IAT sheet employed in the experiment.  
The participants were required to check the left bo  or re  or 
goo  target an  t e rig t o  or t e green  or a  target   n a 

real sheet, there were 20 rows and 3 columns of target words, and the 
color name and the object name were tested in a different trial. 

Table 1 Objects employed in object-name IAT trials 

color object

red tomato apple post strawberry
green melon leaves grass (green)pepper
blue earth space sea sapphire
yellow banana lemon dandelion sunflower
white rice snow tofu rabbit
black ink tire coal (black)seaweed

c ec  re  an  ea ant or  
an  green  an  n ea ant 

words) at the check box located 
in same side in one of the sheets, 
an  green  an  ea ant re  
and unpleasant) were paired in 
the other one. The participants 
who exhibited greater implicit 
associations of psychological 
concept of pleasantness with the 
red, rather than with the green, 
can make more discrimination in 
the red-pleasant sheet than the 
green-pleasant sheet, and vice 
versa for the participants who 
implicitly preferred the color 
green.  Thus, we can assess 
relative implicit preference 
between red and green, by 
differentiating numbers of 
checked items between two 
sheets. 

   Both VAS and IAT sessions 
were repeated with interval of 5 
weeks (Test1 and Test2) in order 

to examine reliability of paper-IAT as an implicit measurement for color preference.  The 
participants were undergraduate students.   275 students were participated in Test1 and 282 
students were participated in Test2.  234 students who took part in both tests were set to be 
subjects to the following analyses (76 male and 158 female, ages ranged from 18 to 23).  In 
this study, VAS and IAT scores were calculated for explicit and implicit indices which 
would represent relative color preference between red and green, blue and yellow or white 
and black.  VAS scores were accomplished by difference between two raw VAS values 
divided by sum of them.  IAT scores were also defined by difference of numbers of 
checked items between two target colors, divided by sum of them; e.g., in a case of red-
green evaluation, scores were indicated by (red-green)/(red+green).  With the 
standardization by sum of raw values, we can archive relative measurements avoiding the 
effects of general variations of the raw values.  Both for VAS and IAT scores, positive 
values were assigned to relative preference to red, blue or white.  Thus, score 0 means that 
there was no difference of preference, greater positive score means that the participant’s 
greater preference in red, blue or white, and vice versa for negative value.  We obtained 
three VAS scores (three color combinations; red-green, blue-yellow and black-white) and 
six IAT scores (three colors and two color presentations [color name and object name]) 
from each participant in each test. 
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divided by sum of them.  IAT scores were also defined by difference of numbers of 
checked items between two target colors, divided by sum of them; e.g., in a case of red-
green evaluation, scores were indicated by (red-green)/(red+green).  With the 
standardization by sum of raw values, we can archive relative measurements avoiding the 
effects of general variations of the raw values.  Both for VAS and IAT scores, positive 
values were assigned to relative preference to red, blue or white.  Thus, score 0 means that 
there was no difference of preference, greater positive score means that the participant’s 
greater preference in red, blue or white, and vice versa for negative value.  We obtained 
three VAS scores (three color combinations; red-green, blue-yellow and black-white) and 
six IAT scores (three colors and two color presentations [color name and object name]) 
from each participant in each test. 

3. RESULTS AND DISCUSSION 
Table 2 indicates Peason’s coefficiates of correlation between Test1 and Test2 for both 

VAS and IAT scores.  VAS scores demonstrated quite high correlations ranging from 0.69 
to 0.75 for each color combination.  For IAT scores, correlations were relatively low as 
compared with VAS, but still significant and considerable with regard to the numerous 
participants took part in this investigation (ranging from 0.36 to 0.46).   Thus, IAT scores 
obtained in this experiment can be a reliable measrement for implicit color preference, 
exhibiting a certain range of robustness against repeating tests with interval of  five weeks. 

Table 3 indicates correlations 
between VAS and IAT (both for 
color and object names) in Test1 
and Test2.  In red-green and blue-
yellow evaluations, VAS and IAT 
were mildly correlated (from 0.28 
to 0.37).  Implicit color preference 
mesured by paper-IAT and explicit 
preference measured by VAS were 
consistent with each oterh in the 
case of evaulation for chromatic 
color combination, suggesting 
shared underlying foundations for 
both types of preferences. On the 
other hand, in white-black 
evaluation, correlations bween 
VAS and IAT were not significant 
and quite low (from 0.03 to 0.15).  

This might be due to the fact that IAT scores were slightly biased toward white preference, 
whereas there were no such biases in VAS scores.  This means that the participants who 
explicitly reported black preference exhibited black avoidance in implicit measurements, 
and sugests that there would be some discontinuities between explicit and implicit 
measurements of achromatic color preference. Table 3 also indicates correlation btween 
color-name IAT and object-name IAT.  Coefficients supposed to be in medium range (from 
0.28 to 0.34) evinced that the discrimination targets presented by either the color name or 
the object name successfully elicited identical psychological concept concerning color to 
the participants. 

Above mentioned results in this research were generally consistent with our previous 
investigation employing conventional computer-based IAT.  Thus, we can conclude that 
paper-IAT can be used as cost effective alternative with less equipment requirments and 
applicable for mass group experiments in measuring implicit color preference. 

4. CONCLUSIONS 
The current investigations tried to apply paper format IAT (paper-IAT) as implicit 
measurement of color preference. Psychological experiments indicated that paper-IAT 
exhibited a considerable reliability and mild but significant correlations against 

Table 2 Coefficients of correlations between Test1 and Test2 

red-green blue-yellow white-black
VAS 0.69 0.75 0.73
color-name IAT 0.36 0.40 0.39
object-name IAT 0.45 0.42 0.46

Table 3 Coefficients of correlations between VAS and IAT scores 

Test1 red-green blue-yellow white-black
VAS-ColorName 0.37 0.32 0.15
VAS-ObjectName 0.32 0.37 0.11
ColorName-ObjectName 0.28 0.31 0.30

Test2 red-green blue-yellow white-black
VAS-ColorName 0.36 0.28 0.06
VAS-ObjectName 0.29 0.32 -0.03
ColorName-ObjectName 0.32 0.34 0.29
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conventional and explicit measurments of color preference (VAS) in the case of chromatic 
color evaluations.  Thus, we can utilize it for measurements of implicit color preference in 
a group experiment. 
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ABSTRACT
In our research we have studied a potential relation between Steady-State Visual-Evoked 

Potentials (SSVEP) responses, some low level images features and the emotion arousal.  In the 
literature numerous papers refers to this kind of study made on IAPS [1]. This database is dedicated 
to emotion study and it contains many images carrying a strong semantic. From the experiences on 
this dataset, the amplitude, latency and topography of the SSVEP response have been proven to be 
correlated to the arousal and valence of the shown pictures. Our aim is to test if this conclusion can be 
extended for low semantic images: could SSVEP response also be used to study the affective content 
of natural images that were not specially created to elicit emotional responses?

We chose 12 images from our new database SENSE (Studies of Emotion on Natural image 
databaSE) developed for this kind of tasks. They were assessed according to the nature and the power 
of the emotion. During the tests, we recorded the EEG of the 4 participants while looking at the 
images. The images are evaluated during three trials and presented in each one on a different pseudo-
ran om or er  or eac  tria  an image a  i a e  or  an  ic ering at  ter i a ing t e 
image to assess, a black image is displayed for 5s. The EEG was recorded from 4 electrodes positioned 
on the occipital area on Pz, POz, PO3 and PO4 location according to the 10-20 system.

We evaluated the correlation between the computed SSVEP responses and the pictures across 
i erent tria  an  o er er  to e re t ere i  a ignificant mo ation o  t e re on e e to t e 

pictures content. We also estimated the correlation between the SSVEP responses and the arousal, the 
luminance and the Gabor energy for each images.

rom t e o taine  re t  e can confirm t at or t e con i ere  nat ra  image  t ere i  a c ear 
and strong correlation between the pictures and the SSVEP response elicited in the observers. On the 
other side, at this stage, we cannot identify which are the main image features modulating the SSVEP 
re on e  a c ear tati tica  ignificance co  e reac e   er orming t e e eriment on a ig er 
number of subjects and/or using a higher number of images. 

[1]  P. Lang, M. Bradley et B. Cuthbert, «International affective picture system (IAPS): Affective ratings of pictures and 
instruction manual. Technical Report A-8,» 2008.
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ABSTRACT 
In this paper, we have studied the relation between Steady-State Visual-Evoked Potentials 
(SSVEP) responses, the emotion valence and some low level images features. In the 
literature numerous papers refer to this kind of study made on IAPS (Lang, Bradley, & 
Cuthbert, 2008). This database is dedicated to emotion study and it contains many images 
carrying a strong semantic. From the experiences on this dataset, the amplitude, latency 
and topography of the SSVEP response have been proven to be correlated to the arousal 
and valence of the shown pictures. Our aim is to test if this conclusion can be extended for 
low semantic images: could SSVEP response also be used to study the affective content of 
natural images that were not specially created to elicit emotional responses? 

We chose 12 images from our new database SENSE (Studies of Emotion on Natural image 
databaSE) developed for this kind of task. From the obtained results we can confirm that 
for the considered natural images, there is a clear and strong correlation between the 
pictures and the SSVEP response elicited in the observers.  

1. INTRODUCTION 
An Evoked Potential (EP), in the context of EEG signals, is an electrical potential elicited 
by the presentation of a stimulus that can be recorded from the nervous system. In 
particular, in the case of non-invasive EEG recordings, it can be acquired from an electrode 
positioned on the surface of the scalp. Visually Evoked Potentials (VEP) are EP aroused by 
a visual stimulation and Steady-state VEP (SSVEP) are a particular case of VEP. The 
stimulus is presented multiple times at a frequency at least higher than 3.5Hz, but more 
commonly higher than 6Hz. Then, a periodic response called SSVEP can be observed in 
the recorded scalp EEG signal, in particular in the occipital brain region, where the visual 
cortex resides. The SSVEP response have been studied deeply in the field of vision 
research starting from the seventies (Regan, 2009) and it is still considered in the fields of 
cognitive neuroscience and clinical neuroscience. Moreover in the last years it has been 
adopted widely for the implementation of Brain-Computer Interfaces (BCI) (François-
Benoît Vialatte, 2010) and various researches are being conducted to provide applications 
for new Human-Computer Interactions (HCI) systems. 

In the literature, multiple evidences exist suggesting the SSVEP response not being only a 
mechanical reaction of the brain to a flickering stimulus, it is known to be modulated by 
the user's attention and affective state (Yee Joon Kim, 2006) (Paolo Toffanin, 2009). In 
particular, in these works, flickering pictures from the International Affective Picture 
System (IAPS) (P.J. Lang, 2008) have been shown to a group of users during the 
acquisition of their EEG. These studies conclude that the amplitude, latency and 
topography of the SSVEP response are correlated to the arousal and valence of the shown 
pictures.  
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The aim of our research is to test if the SSVEP response could be used to study the 
affective content also of natural images that were not specifically created to elicit 
emotional responses. In fact, the majority of the studies is done on IAPS which is a 
semantic image set.  

The rest of the paper is organized as follows: we describe in Section 2 the considered 
database and evaluation protocol. We present in Section 3 the results of our different 
analysis and we conclude and provide some future works in Section 4. 

2. EXPERIMENTAL METHOD 

2.1 Description of the database 
Our studies were made on a natural and low semantic image database called SENSE 
(Studies of Emotion on Natural image databaSE) (Syntyche Gbèhounou, 2013). In this 
paper, "low-semantic" means that the images do not induce a strong emotional response. 
This dataset is composed of 350 images such as animals, food and drink, landscapes, 
historic and touristic monuments as shown in Figure 1.  

   
Figure 1: Some images from the database SENSE we used. 

The images of SENSE are assessed according to the nature and power of their emotional. 
For the nature, that corresponds in part to the valence, observers had choice between 
"Negative", "Neutral" and "Positive" and the power varies from "Low" to "High". The 
nature rating corresponds to the emotion valence information. 

For our evaluations we only recorded the SSVEP response of 12 colored images from 
SENSE. They were chosen according to the percentage of observers that defined the final 
nature of the emotion in order to consider conclusive images. 

2.2 The test description 
During the tests, we recorded the EEG of the 4 participants looking at the 12 colored 
images. The participants to our tests were volunteer and did not receive a financial reward.  

The images are evaluated during three trials and presented in a pseudo-random order. For 
each trial, an image was displayed for 8s and flickering at 10Hz. After displaying the 
image to assess, a black image is displayed for 5s. 

The EEG was recorded from 4 electrodes positioned on the occipital area on Pz, POz, PO3 
and PO4 location according to the 10-20 system as shown in Figure 2. 

We studied different correlation between the SSVEP responses recorded across different 
trials and observers to be sure that there is a significant modulation of the response due to 
the pictures content. 
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Figure 2: 10-20 system with the four location we considered. 

3. RESULT ANALYSIS AND DISCUSSION 
In particular we looked for a correlation between the intensity of the SSVEP response of 4 
subjects computed with a relatively novel state-of-the-art technique (O. Friman, 2007) 
(Zhu, 2011). 

To study the potential correlation we used the Pearson's correlation computed by PSPPIRE 
software1. 

At first, we evaluated the correlation between the computed SSVEP responses and the 
pictures across different trials and observers to be sure that there is a significant 
modulation of the response due to the pictures content. We had two configurations: 

1. We computed the SSVEP response for the whole displaying duration (8s) using the 
"Minimum Energy" algorithm (O. Friman, 2007); 

2. We computed with the same algorithm the SSVEP response for each second of 
viewing and then averaged it.  

The results are presented in the Table 1 for the first configuration and in Table 2 for the 
second one. The SSVEP response used is the mean value for the duration considered. 

Table 1. Correlation between the trials the complete duration of SSVEP response 
recording: the duration time is equals to 8s 

 Trial 1 Trial 2 Trial 3 

Trial 1  Pearson’ Coef 
Significance 

1 
- 

0.56 
0 

0.49 
0 

Trial 2 Pearson’ Coef 
Significance 

0.56 
0 

1 
- 

0.40 
0 

Trial 3 Pearson’ Coef 
Significance 

0.49 
0 

0.40 
0 

1 
- 

 
Regarding the results in the tables 1 and 2 (the Person’s coefficients and the significance 
values ≤0.05) we reject the null hypothesis of correlation between the three trials for both 
configurations. Moreover, for the second one a stronger correlation has been found 

                                                 
1 https://www.gnu.org/software/pspp/tour.html  
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between trials. This confirms, at first, that the SSVEP responses we have computed are 
consistent and correlated to the pictures. 

Table 2. Correlation study in the second configuration: the duration time is equals to 1s 

 Trial 1 Trial 2 Trial 3 

Trial 1  Pearson’ Coef 
Significance 

1 
- 

0.62 
0 

0.61 
0 

Trial 2 Pearson’ Coef 
Significance 

0.62 
0 

1 
- 

0.68 
0 

Trial 3 Pearson’ Coef 
Significance 

0.61 
0 

0.68 
0 

1 
- 

 

To complete this study, we compute the average luminance, the energy of Gabor features 
and the emotion valence for each image. Then we analysed the possible correlation 
between them and the SSVEP response for the images selected. The idea is to try to study 
the potential link between the SSVEP response and these low level features in order to 
better understand and analyze the emotional impact of images.  

The energy of Gabor features is based on Gabor filters (S.E. Grigorescu, 2002) which are 
directly related to Gabor wavelets. The two-dimensional Gabor filter is defined by the 
function  as the multiplication of a cosine/sine (even/odd) wave with a 
Gaussian window, as follows: 

,   (1) 

with  and . 

For Gabor features, we considered 12 different angles  every and 2 
phases , leading to 24 filters. We chose an isotropic Gaussian with 
standard deviation . This choice is justified by the properties of the visual cortex 
that can be model with Gabor filter as said Grigorescu and al. (S.E. Grigorescu, 2002).  

The energy of Gabor features is the combination of the results of the 12 filtering for each 
phase.  

The luminance and the energy of Gabor features given in the tables 1 and 2 are the average 
for the values computed for each pixel. Considering the obtained results, we cannot 
conclude to a correlation between the SSVEP responses recorded and the low level 
features chosen. The result for the second trial and the average value of SSVEP response 
through the whole test is not relevant. This probably comes from the selected images 
which, on the contrary of IAPS ones does not provoke a strong emotion. We also think that 
more observers must be suitable and the correlation with other features could be tried as 
well, since the most important features may not have been in the tested set. Moreover, 
using more EEG electrodes and more complex signal processing techniques, to take into 
account the SSVEP response propagation from the occipital to the parietal and frontal 
areas of the cerebral cortex, as proposed in (Gary Garcia-Molina, 2013), more information 
about the valence and/or arousal of the emotion involved in the SSVEP response elicitation 
could be deduced. It is in fact demonstrated that the modulation of the SSVEP response, 
due to the user's affect state, changes across different scalp locations in correlation with the 
arousal and valence of the emotion (Kemp A. H., 2002). 
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Table 3. Correlation study between the emotion valence, the luminance, Gabor energy and 
the SSVEP responses of the images used for our tests: Duration time t=1s. The average 

SSVEP response presented in this table corresponds to the mean response compute 
through the tree trials. 

 Valence Luminance Gabor energy 

Trial 1 Pearson’ Coef 
Significance 

-0.15 
0.30 

0.14 
0.33 

0.13 
0.39 

Trial 2 Pearson’ Coef 
Significance 

-0.17 
0.25 

0.12 
0.43 

0.08 
0.61 

Trial 3 Pearson’ Coef 
Significance 

-0.03 
0.82 

0.04 
0.80 

0.09 
0.53 

Average Pearson’ Coef 
Significance 

-0.13 
0.34 

0.12 
0.43 

0.11 
0.44 

 

Table 4. Correlation study between the emotion valence, the luminance, Gabor energy and 
the SSVEP responses of the images used for our tests: Duration time t=8s. The average 

SSVEP response presented in this table corresponds to the mean response compute 
through the tree trials. 

 Valence Luminance Gabor energy 

Trial 1 Pearson’ Coef 
Significance 

-0.16 
0.27 

-0.24 
0.10 

0 
1 

Trial 2 Pearson’ Coef 
Significance 

0.07 
0.65 

-0.33 
0.02 

0.13 
0.36 

Trial 3 Pearson’ Coef 
Significance 

0.01 
0.95 

-0.07 
0.63 

-0.10 
0.51 

Average Pearson’ Coef 
Significance 

0.23 
0.11 

-0.27 
0.06 

0.02 
0.87 

 

3. CONCLUSIONS 
From this study we can confirm that for the used natural images there is a clear and strong 
correlation between the pictures and the SSVEP response elicited in the observers. 

On the other side, we cannot at this stage identify which are the main image features 
modulating the SSVEP response; a clear statistical significance could be reached 
performing the experiment on a higher number of subjects and/or using a higher number of 
images. 

Due to the kind of our database, it could be interesting also to plan new evaluations with 
the aid of an "eyetracker" to study during the observation duration the change in the 
SSVEP response according to the gaze region. 
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ABSTRACT
 o n co o r

The nature has always been the most important source for the art in  Finland.
Is this the truth or is it a cliché or a mantra that we Finns keep on repeating, while we have the 

opportunity to tell someone about our art. 
The truth is that we as a country have a large surface, but we are small in population. The 

countryside surrounds every city, even the capital is close to the nature. It takes less than an hour to be 
on t e fie  an  ore t  a one or en o  o it e on t e ma  i an  near  

In my generation almost everyone has roots in the countryside, grandparents and relatives still 
live there. Also many families living in the city have a little summer cottage somewhere in the woods, 
isolated by the lake.

I lived my childhood in the countryside by a large lake. The changes of the four seasons were 
ea  to o er e t ere  e fir t ign  o  t e ring ere een in t e ig ter co o r  an  rig tening 
light. Suddenly the ice disappeared and the lake was blue and glittering again.  Also in the autumn 

en t e nn  cratc  noi e a  ear  rom t e a e a  a an are e ore t e fir t co  nig t an  a 
very thin ice was formed on the lake. The winter had come.

Now I live and work in a city close to the capital but still in the forest.  I can’t feel the changes 
of the seasons so easily and clearly as before. I’ve grown to know the seasons inside me and I can 
ee it  in ence in m  art or   on t no  t e tree  an  egeta e or  er  goo  t  en o  t e 

atmosphere and the colouring of the forest and meadows.
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    KRISTIINA NYRHINEN 

 
“The nature has always been the most important source for the art in   
Finland.” 

Is this the truth or is it a cliché or a mantra that we Finns keep on repeating, 
while we have the opportunity to tell someone about our art.  

The truth is that we as a country have a large surface, but we are small in 
population. The countryside surrounds every city, even the capital is close to 
the nature. It takes less than an hour to be on the fields and forests alone or 
enjoy solitude on the small island nearby.  

In my generation almost everyone has roots in the countryside, grandparents 
and relatives still live there. Also many families living in the city have a little 
summer cottage somewhere in the woods, isolated by the lake. 
I lived my childhood in the countryside by a large lake. The changes of the 
four seasons were easy to observe there. The first signs of the spring were 
seen in the lighter colours and brightening light. Suddenly the ice 
disappeared and the lake was blue and glittering again.  Also in the autumn 
when the funny scratchy noise was heard from the lake as a fanfare before 
the first cold night and a very thin ice was formed on the lake. The winter 
had come. 

Now I live and work in a city close to the capital but still in the forest.  I 
can’t feel the changes of the seasons so easily and clearly as before. I’ve 
grown to know the seasons inside me and I can see its influence in my 
artwork. I don’t know the trees and vegetable world very good but I enjoy 
the atmosphere and the colouring of the forest and meadows. 
My early work, the huge, transparent textiles, in the public buildings was 
highly influenced by the big lake near my home and water in general. I’ve 
used water like materials and shades to reflect the rich palette of the water. 

In my childhood I’ve looked my mother planting and watering plants in the 
garden. From her garden she harvested vegetables for the table and flowers 
for the eyes.. And now in three years time I have a small patch of land of my 
own where I care for my peonies and lilies. Now my textile works have 
changed a lot. I’ve studied flower petals, how they grow and fade away. And 
I’ve noticed that the form becomes more exciting and the colours become 
darker. I reflect the garden of my mothers in my art, the hues of blue, red and 
yellow. I work with the metaphor of ageing and fading-out.  
I have focused in three main ideas in my poster: the nature, water and ageing 
and fading-out. 
 
My earliest memories from my childhood are the short moments in the 
nature; I’m walking on a small path feeling the sun on my face and wind 
blowing and carrying the small grains of sand to my cheeks. I remember the 
colour and the shape of the sunspot on the wooden floor of my home when 
I’m sitting there with my colouring box. In wintertime when the lake was 
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covered with ice and snow I used to ski there and wonder about the 
ultramarine shadows of the bushes. The lake was a great source of 
imagination. It had a huge amount of shades all around the year, ranging 
from clear blue to depressing grey to almost violent black, and all hues had a 
strong influence to the people who lived nearby. 

All the other memories of my childhood consist memories of colours and 
sense of the materials.  Through my eyes and the sense of touch the 
observation has been carved to my memory. Now, thinking back to my 
textile works I’ve realised my aim was to reach for the “golden” days of the 
free and happy childhood. I’m trying to build the solid scenery of my lost 
childhood what my adultery has separated for good.  

In my textile work colour and material are equals. In my art the colour and 
the material unite essentially. When I begin to create and sketch something 
new, colour and material come hand in hand. I choose the material that 
brings out the best intensity in colours and brings the best result in realising 
the idea. The works for the public buildings have the special demands, 
concerning mostly materials and techniques the sustainability in general. I 
never compromise concerns the colours, I worked as long it took to find the 
best among the colour samples.  

Transparency has always been characteristic in my work, either they are 
huge in close relationship with the architecture or tiny mini textiles. The 
lightness and many layers in textiles with different shades and different 
impressions seen from different angles always gives me great pleasure and 
satisfaction that only textile art can give. 

I have to agree on the hypothesis that nature plays a great role in importance 
for the Finnish artist. My main goal is not to imitate the nature, but use it as a 
source and a key to my memory to catch the significant moments and 
emotional incidents in my life. 
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Water

 
	   	   	  

Myyrmäki Church, Textile Art Work by Kristiina Nyrhinen.  
Architect Juha Leiviskä 1984  
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Nature 

 
“The Wind in The Willows”  

	   	   	  
 

 

 

 

Contact: 
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Kristiina Nyrhinen 

Kristiina.nyrhinen@gmail.com 

Suvikuja 3 A 10,  

02120 Espoo 

FINLAND 
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Hue and Tone Effects on Color Attractiveness in Mono-Color Design
Uravis TANGKIJVIWAT and Warawan MEKSUWAN,

Color Research Center, Rajamangala University of Technology Thanyaburi

ABSTRACT
One cannot deny the fact that nowadays there are serious competitions in the market. Marketing 

practitioners know that a product’s color may play an important role in a consumer’s purchase 
decision. About 62-90 percent of the assessment is based on color alone. So, prudent use of colors can 
contri te not on  to i erentiating ro ct  rom com etitor  t a o to in encing moo  an  
feelings –positively or negatively- and therefore, to attitude towards certain products. For building up 
a market share, designers must be created products which are interesting and attract the customer’s 
attention. 

One of the important roles for catching a customer’s attention is to color attractiveness of 
product package. It indicates a characteristic that which product can be distinguished most clearly 
among various products. It said to be that a colorful package attracts a subject’s attention and to 
arouse the desire to consume in marketing. Regarding the environmental conservation matter, 
ecological design, eco-design, seeks to conform to the environment and substantially reduce material 
consumption. Monochromatic design in printing has been noted as alternative technique as eco-design. 
Amount of ink on substrates for this design is less than that for color printing in the printing process. 
Moreover, this design reduces the printing troubles and cost of a product. Although monochromatic 
design seems to conform to eco-design, the color attractiveness is required for a product design. It 
would like to know how to catch customer’s eyes with the monochromatic design. Several factors are 
said to be responsible for color attraction for instance differences in age, gender, culture and so on. 

The major aim of this study is to investigate the effect of monochromatic color on attractiveness. 
A psychophysical experiment was carried out to examine the relationship between color attractiveness 
and single color and color tone combinations. In experiment I, seventy seven color chips varying 
in hues and tones were simulated on monitor as stimulus. Five subjects were asked to evaluate a 
color attractiveness score for giving color by using an attractiveness rating scale. The experimental 
result will show the relationship between color attractiveness and hue and tone. In the experiment II, 

attern  or co or tone com ination  ere in e tigate  o or tone  ere c a ifie  into t ree gro  
as highlight, middle-tone, and shadow. A color attractiveness of the patterns was evaluated by an 
attractiveness rating scale. Effects of hue and tone will be reported in the expected results. The effect 
of the patterns for color tone combinations is also explored.

Hue and Tone Effects 
on Color Attractiveness in Mono-Color Design

Uravis TANGKIJVIWAT, Warawan MEKSUWAN,
Color Research Center, Rajamangala University of Technology Thanyaburi

ABSTRACT
In the marketing world, color of a product play an important role to catch a customer’s 
attention. Althought a colorful object is more powerful to be attractive, a mono-color 
design is considered as competitor due to eco-anxiety. This research, hence, examined the 
influence of hue and tone on color attractiveness. Thirty-three color chips were chosen 
from the Munsell notation varying in hues and chromas. The results showed a vivid color 
was more attractive. In addition, warm colors were greater to draw attention than cool 
colors. Color appearance mode also affected to color attractiveness. Colors appearing in 
light source color mode and unnatural ojbect color mode were attracted. Furthurmore, we 
found that perceived color attributes related to color attractiveness.    

1. INTRODUCTION
One cannot deny the fact that nowadays there are serious competitions in the market. 
Marketing practitioners know that a product’s color may play an important role in a 
consumer’s purchase decision (Grossman, 1999). About 62-90 percent of the assessment is 
based on color alone. So, prudent use of colors can contribute not only to differentiating 
products from competitors, but also to influencing moods and feelings –positively or 
negatively- and therefore, to attitude towards certain products (Singh, 2006). For building 
up a market share, designers must be created products which are interesting and attract the 
customer’s attention. 

One of the important roles for catching a customer’s attention is to color attractiveness 
of product package. It indicates a characteristic that which product can be distinguished 
most clearly among various products. It said to be that a colorful package attracts a 
subject’s attention and to arouse the desire to consume in marketing (Shun, 2001).
Regarding the environmental conservation matter, ecological design, eco-design, seeks to 
conform to the environment and substantially reduce material consumption. 
Monochromatic design in printing has been noted as alternative technique as eco-design. 
Amount of ink on substrates for this design is less than that for color printing in the 
printing process. Moreover, this design reduces the printing troubles and cost of a product. 
Although monochromatic design seems to conform to eco-design, the color attractiveness 
is required for a product design. It would like to know how to catch customer’s eyes with 
the monochromatic design. Several factors are said to be responsible for color attraction for 
instance differences in age, gender, culture and so on (Radeloff, 1990; Zellner, 2010). The 
major aim of this study, hence, is to investigate the effect of monochromatic color on 
attractiveness.
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Figure 1: Schematic diagram of the 
apparatus

2. METHOD

2.1 Experimental Setting
As shown in Figure 1, the apparatus was composed of two rooms separated by a wall with 
a 1o square aperture (T). The subject’s room 
was covered inside with white wallpaper of 
about N9 and illuminated by daylight type 
fluorescent lamps (FLS). The intensity of the 
lamps was adjusted by a light controller. The 
room illumination was measured by an 
illuminometer (IS) placed on a shelf below the 
aperture at distance of 44 cm. Many objects 
such as artificial flowers, dolls, books, and 
dolls were put into this room. Color chips to 
serve as the test stimuli were attached to a 
rotating wheel placed in the test chart’s room. 
They were also illuminated by adjustable 
daylight type fluorescent lamps (FLT).

2.2 Color Stimuli and Conditions
Thirty-three color chips selected from the Munsell Color notation were used as the test 
stimuli. The color chips included one achromatic color (N5) and eight hues (5R, 5YR, 5Y, 
5GY, 5G, 10BG, 10B, and 5P) varied in different chromas (2, 5, and 8). The Munsell value 
of all color chips was 5. The experimental conditions were composed of the combination of 
subject’s room illuminance levels (50 and 500 lx) and test chart’s room illuminance levels 
(500 and 700 lx). 

2.3 Subjects
Five subjects ranging from 22 to 27 years in age took part in this experiment. All subjects 
had normal or corrected-to-normal visual acuity. They were screened for color deficiencies 
using the Ishihara plate.

2.2 Experimental Procedure
The subject sat in subject’s room and looked at the test stimuli through the aperture from a 
distance of 130 cm. There were three tasks for each subject. In the first task, the subject 
was asked to assess the degree of color attractiveness for each color by using the scale 
which was divided into 6 levels, as -3 (do not attract) to +3 (extremely attract). The word 
attracti ene  ere mean  a ient or con ic o  ic  i  to get attention o  ie er  In 

the second task, the subject judged the color appearance mode of each color chip as object 
color mode (OB-mode), unnatural object color mode (UN-mode), and light source color 
mode (LS-mode). And the last one, the subject was asked to assess the amount of 
chromaticness, whiteness, and blackness for each color chip base on the NCS. These three 
components have 100% in total. Within each session, 16 or 17 color chips were randomly 
presented under four conditions to make 96 or 102 judgments. Each subject has done three
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Figure 2: The attractiveness score from average result 
across all subjects by plotting against Munsell chroma 
for different Munsell hues; 5R(¡), 5YR(z), 5Y(�), 
5GY(S), 5G(�), 10BG({), 10B(�), 5P(U), N5(¯).

sessions per condition. No time limits were set for making the judgments. Subjects were 
tested individually. 

3. RESULTS AND DISCUSSION
For each color chip, the attractiveness scores for the five subjects were averaged. As shown 
in Figure 2, the mean score for each color chip is plotted against different Munsell 
chromas. Results showed that the higher the chroma of the color chip, the higher the 
attractiveness score, regardless of hues. For instance, the mean score of chroma 2, 5, 8 and
maximum under IS50:IT500 condition are -0.1, 1.1, 2.0, and 2.7, respectively. Therefore, it
was found that the vivid color 
attracts subject’s attention. 
The same tendency occurred 
in all conditions. Our result
agreen well with previous 
researches. Tanaka et al. 
(2000) proposed that chroma 
is linearly correlated to 
attractiveness. In our results, 
moreover, warm colors such 
as 5R, 5YR, 5Y and 5P were 
greater to draw attention than 
cool colors. Many previous 
researches reported that warm 
colors are considered arousing 
(Bellizzi and Hite, 1992; Cahoon,
1969) and active (Madden et 
al., 2000; Richards and 
David, 2005), and lead to 
higher levels of anxiety 
(Jacobs and Suess, 1975).
Tanaka et al. (2000) suggested
that the closer the hue of a 
color to red was, the more 
salient the color would be.

Because a perception of color varies in a different illuminations, an effect of color 
apperance mode on attractiveness was considered. The color apperance mode judgment 
accummulated from all subjects were expressed in term of the color apperance mode index 
(iCAM) by following equation:

Color appearance mode index (iCAM)    =                             ,(1)

where NOB, NUN, and NLS are the numbers of response in OB mode, UN mode, and LS 
mode. If iCAM > 0.5, the color chip is classified in LS mode; if iCAM < -0.5, UN mode; and if 
-0.5 < iCAM < 0.5, OB mode.

-1(NOB) + 0(NUN) + 1(NLS) 
NOB + NUN + NLS 
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Figure 3: Mean color attractiveness 
plotted against Munsell chroma for 
different color appearance modes.
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Table 1. Mean and Standard Deviation of the attractiveness score across eight hues.

Chroma
IS50:IT500 IS50:IT700 IS500:IT500 IS500:IT700

Mean SD Mean SD Mean SD Mean SD
2 -0.1 0.26 -0.1 0.34 -1.1 0.38 -1.0 0.25
5 1.1 0.24 1.3 0.31 0.4 0.34 0.6 0.29
8 2.0 0.21 2.2 0.21 1.2 0.25 1.5 0.32

Maximun 2.7 0.31 2.7 0.30 2.2 0.56 2.5 0.43
Note. For each chroma, n = 120

In Figure 3, the mean attractiveness score for the color chips that appeared in the LS 
and UN modes were higher than those in OB mode. This showed that color that appeared 
in LS and UN modes paid attention to viewers. In a light source color and unnatural object 
color modes, subjects perceived color too bright than adjacent surrounding. The bright
color with dimmed background is an outstanding color. This result agrees with previous 
results. Tanaka et al. (2000) reported that background has an influence over color 
attractiveness. However, Mackiewicz (2007) noticed that a color of background had a little 
effect on viewers’ ratings of the attractiveness of color combinations.

Next, possible correlations between color attractiveness and perceived color attributes 
were determined. The elementary color naming method was used to assess the perceived 
color attributes of the color chips in three color appearance modes. The amounts of the 
perceived color attributes were expressed as average values across all subjects for each 
color chip under each condition. In Figure 4, the attractiveness scores were plotted against 
perceived chromaticness, whiteness, and blackness. As shown in Figure 4 (a) and (b), it
was found that the perceived blackness significantly related to the attractiveness score as 

negative correlation in OB mode (-0.854) and 
perceived whiteness in UN mode and LS mode (-
0.879 and -0.889) as shown in Table 2. On the other 
hand, the attractiveness score increased with 
increasing perceived chromaticness as shown in 
Figure 4. There was a significant correlation between 
the perceived chromaticness and the attractiveness 
score in all color appearance modes. This result 
corresponded with the results of Munsell chroma. 
This showed that both physical chromaticness and 
perceived chromaticness have an influence over 
color attractiveness. Our result indicates that the 
color attractiveness may be described as the 
perceived color attributes. 

Table 2. Pearson correlation coefficients between attractiveness score and perceived color 
attributes.

OB mode UN mode LS mode
Perceived chromaticness
Perceived whiteness
Perceived blackness

0.924
-0.785
-0.854

0.960
-0.879
0.490

0.948
-0.889
-0.698
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Figure 4. There was a significant correlation between 
the perceived chromaticness and the attractiveness 
score in all color appearance modes. This result 
corresponded with the results of Munsell chroma. 
This showed that both physical chromaticness and 
perceived chromaticness have an influence over 
color attractiveness. Our result indicates that the 
color attractiveness may be described as the 
perceived color attributes. 

Table 2. Pearson correlation coefficients between attractiveness score and perceived color 
attributes.

OB mode UN mode LS mode
Perceived chromaticness
Perceived whiteness
Perceived blackness

0.924
-0.785
-0.854

0.960
-0.879
0.490

0.948
-0.889
-0.698

Figure 4: Scatter plot of attractiveness score and perceived color attributes:

(a) perceived blackness, (b) perceived whiteness, and (c) perceived chromaticness.

4. CONCLUSIONS
In this study, thirty-three color chips varying in hues and tone were assessed under four 
conditions covered three color appearance modes. Findings showed that color with high 
chroma yielded higher attractiveness scores and warm color is to get attention of viewers. 
In a comparison among three color appearance modes, the color attractiveness in the 
unnatural object color mode and in light source color mode were significantly higher than 
those in the object color mode. Furthermore, the color attractiveness was significantly 
related to the perceived color attributes. They play a role as underlying mechanism on the 
determination of color attractiveness. Thus, it may be possible to use these components as a 
scale for predicting color attractiveness on the different color appearance modes. Our
empirical finding delivers the idea to choose a proper hue and tone to get more 
attractiveness in mono-color design. However, this study is limited in color stimulus and a 
small number of subjects. In further research other factors are required for instance color 
combinations, tone combinations, a great number of subjects, circumstances, and so on.

OB mode
UN mode
LS mode

A
ttr

ac
tiv

en
es

s s
co

re
A

ttr
ac

tiv
en

es
s s

co
re

Perceived blackness [%]
(a)

Perceived whiteness [%]
(b)

Perceived chromaticness [%]
(c)

733
AIC2015 TOKYO - Color and Image



REFERENCES
Bellizzi, J.A., and Hite, R.E. 1992. Environmental color, consumer feelings, and purchase 

likelihood. Journal of Psychology and Marketing 9(5) 347-363.
Cahoon, R.L. 1969. Physiological arousal and time estimation. Journal of Perceptual and 

Motor Skills 28(1) 259-268.
Grossman, R.P. and Wisenblit, J.Z. 1999. What we know about customers’ color choiese, 

Journal of Marketing Practice: Applied Marketing Science 5(3) 78-88.
Jacobs, K.W., and Suess, J.F. 1975. Effects of four psychological primary colors on anxiety 

state. Journal of Perceptual and Motor Skills 41(1) 207-210.
Madden, T.J., Hewett, K., and Roth, M.S. 2000. Managing images in different cultures: A 

cross-national study of color meanings and preferences. Journal of International 
Marketing 8(4) 90-107.

Mackiewicz, J. 2007. Perceptions of clarity and attractiveness in power point graph slides. 
Journal of Technical Communication 54(2) 145-156.

Radeloff, D.J. 1999. Role of color in perception of attractiveness. Journal of Perceptual 
and Motor Skills 71(1) 151-160.

Richards, A., and David, C. 2005. Decorative color as a rhetorical enhancement on the 
World Wide Web. Journal of Technical Communication Quarterly 14(1) 31-48.

Shun, L.Y. 2001. The effects of store environment on shopping behaviors: Acritical review.
Journal of Advances in Consumer Research 28(1) 190-197.

Singh, S. 2006. Impact of color on marketing, Journal of Management Decision 44(6) 786-
789.

Tanaka, S., Iwadate, Y. And Inokuchi, S. 2000. An attractiveness evaluation model based 
on the physical features of image regions, In Pattern Recognition, Proceedings, ed. 
by A. Sanfeliu. Barcelona, 793-796.

Zellner, D.A., Lankford, M., Ambrose, L. and Locher, P. 2010. Art on the plate: Effect of 
balance and color on attractiveness of, willingness to try and linking for food. 
Journal of Food Quality and Preference 21(5) 575-578.

Address: Uravis TANGKIJVIWAT, Color Research Center,
Rajamangala University of Technology Thanyaburi,

39 Rangsit-Nakornayok Rd., Klong Hok, Thanyaburi, Pathumthani 12110 THAILAND
E-mails: uravis_t@yahoo.com

734
AIC2015 TOKYO - Color and Image



PS1-59

A Study on Silver Metallic Color Preference
-A Comparison of Responses between Japanese and Thai People-

Mikiko KAWASUMI,1 Kamron YOUGSUE,2 Chanprapha PHUANGSUWAN,2 Kanrawee 
TAWONPAN2 and Ken NISHINA3

1 Faculty of Science and Technology, Meijo University, Japan
2 Faculty of Mass Communication Technology, Rajamangala University of Technology Thanyaburi, 

Thailand 
3 Department of Techno-Business Administration, Nagoya Institute of Technology, Japan

ABSTRACT
We’ve researched the designing conditions for more attractive surfaces of the industrial products 

in cooperation with a material manufacture. It is significant for us to understand the customers’ 
visual preference for each product in each nation. We are investigating the relationship between the 
customers’ desired feelings and the surface colors of silver metallic products among Asian nations by 
an on line survey. In this presentation, we’ll show you the comparative results between Japanese and 
Thai people.

A questionnaire on the Web was used for our investigation and written in Japanese, Thai, and 
English. Computer graphics were used to represent the metallic surface products such as a fridge and 
a DVD player. Those have slightly different silver colors: reddish, yellowish, bluish, and so on, and 
eac  o  co or a  contro e  in ten e  o  t e n e  co or tem  e et fi e target ee ing  c ean 
 re  t i  ig a it  re a ing  an  a orite  ic  ere c o en a  t e mo t im ortant 

feelings for the metallic product by Japanese customers. The respondents answered with the color that 
t e  e t a  t e mo t c ean  re  or e am e  or e en target ro ct  a ri ge  a te e i ion  a 
a to  com ter  an  o on  ore t an fi e n re  er on  rom a an an  ai an  a e coo erate  

with us in total and we’ve compared the results between two nationalities.
As the result of the survey, it became clear that most people preferred the bluish silver color for 

t e ee ing o  c ean  re  in e er  ro ct  ecia  n e  B had the largest followers in both 
Japan and Thailand and BG was also higher in Japan. Many Thai people selected BG in every product 
or t e ee ing o  re a ing  com orting  o e er  man  a ane e e ecte  YR and B. On the other 
an  a ane e an  ai eo e ere imi ar in t e ten enc  or t e ee ing o  ig a it  ore-

o er  e e amine  o  m c  t e re on e a  a ecte   i er irt a  co or  eca e e er one 
in Thailand has his/her own special color depending on birthday that based on an ancient Buddhist 
wisdom. However those were not found to have a correlation. In addition, we newly found from other 
additional questions that Thai people’s color consciousness is very high in comparison with Japanese. 

n  man  ai e ire  t e ee ing o  mo ern  or t e meta ic ro ct  i  a ecti e i  not inc -
ed in the top twenty in Japan. We need to additionally examine the silver color preference that Thai 
eo e ee  i  t e mo t mo ern

e re t  rom t i  r e  are er  e  or a man act rer to fit t e e ign conce t in eac  
nation. It is necessary for us to continuously analyze the data from cultural and social points of view 
and link to predict the customers’ preference in future.
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Colors’ Relations to Other Things in My Works
Helena LUPARI  Textile artist

Board member of Finnish Color association
Senior lecturer emerita (School of Arts, Design, and Architecture, Aalto University

Department of Textile Arts)

ABSTRACT
I see my works in textile art as traveling trough colors, shapes and materials. First I thought that 

technique was most important ( I discovered how I can weave twelve layers’ fabrics).  Now I’m more 
interested in how to get the color, the sculptural shape, the material and the light work well together, to 
give an emotional experience. 

Making textile art is an endless way of questions:
How much I can think of myself, my ideas, my wishes, other people and all the demands of the 

commercial point of view. As for colors, everyone has his or her own color taste. Should I and can I 
give new experiences of it and what is the ultimate meaning of my work.

The art piece must be so strong that it takes its space where ever it will have its role in the future 
and the co-operation with the environment.  How important is the color right now? Does it shout or 
whisper? Both shouting and whispering could be strong items. And the emotional point of view!  Is it 

ite c ean an  re or ac  ar  or i ent   or me t e co or i  t e fir t t ing  ee in an art iece  t 
opens the work.

It calls or draws you away.
I’m fascinated in architectural bridges. They lead you somewhere and at the same time they 

combine you with someone. They inspire me and when the structure is strong the color must support 
it i e materia  oe  too   o n  t e a ane e at i  arn o en iti e an  trong at t e ame time   
dyed it and it took the color precisely the way I wanted. 

In textile Art there are so many ways to use color as a tool.
The color combinations are most demanding, can you make the colors alive and interesting new 

versions.
The right color gives more to the material but you can also kill the feeling. 
The best thing in colors is that it is like poetry, you just have to let your imagination be free.

COLORS  RELATIONS TO OT ER T INGS
          IN M  OR S

 
Helena LUPARI 

                                                              Textile artist 

                                Board member of Finnish Color association 

Senior lecturer emerita (School of Arts, Design, and Architecture, Aalto University

Department of Textile Arts) 

 

I see my works in textile art as traveling through colors, shapes and materials. First I 
thought that technique was most important (I discovered how I can weave twelve layers´ 
fabrics). 

 I’m m re interested in h  t  get the c l r  the scul tural sha e  the material and the 
light work well together, to give an emotional experience. 

Making textile art is an endless way of questions: 
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Helena LUPARI 

                                                              Textile artist 

                                Board member of Finnish Color association 

Senior lecturer emerita (School of Arts, Design, and Architecture, Aalto University

Department of Textile Arts) 

 

I see my works in textile art as traveling through colors, shapes and materials. First I 
thought that technique was most important (I discovered how I can weave twelve layers´ 
fabrics). 

 I’m m re interested in h  t  get the c l r  the scul tural sha e  the material and the 
light work well together, to give an emotional experience. 

Making textile art is an endless way of questions: 

How much I can think of myself, my ideas, my wishes, other people and all the demands of 
the commercial point of view. As for colors, everyone has his or her own color taste. 
Should I and can I give new experiences of it and what is the ultimate meaning of my work.

The art piece must be so strong that it takes its space where ever it will have its role in the 
future and the co-operation with the environment.  How important is the color right now? 
Does it shout or whisper? Both shouting and whispering could be strong items. And the 
emotional point of view!  Is it white clean and pure or black, dark or silent?  For me the 
color is the first thing I see in an art piece. It opens the work. 

It calls or draws you away.
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I’m fascinated in architectural bridges. They lead you somewhere and at the same time they 
combine you with someone. They inspire me and when the structure is strong the color 
must support it like material does too. I found the Japanese flat silk yarn so sensitive and 
strong at the same time. I dyed it and it took the color precisely the way I wanted. 

In textile Art there are so many ways to use color as a tool. 

The color combinations are most demanding, can you make the colors alive and interesting 
new versions. 

The right color gives more to the material but you can also kill the feeling.  
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I’m fascinated in architectural bridges. They lead you somewhere and at the same time they 
combine you with someone. They inspire me and when the structure is strong the color 
must support it like material does too. I found the Japanese flat silk yarn so sensitive and 
strong at the same time. I dyed it and it took the color precisely the way I wanted. 

In textile Art there are so many ways to use color as a tool. 

The color combinations are most demanding, can you make the colors alive and interesting 
new versions. 

The right color gives more to the material but you can also kill the feeling.  

The best thing in colors is that it is like poetry, you just have to let your imagination be 
free.

Address: Senior lecturer emerita Helena LUPARI,                                                        
Jokitie 12 C, 00780, Helsinki, FINLAND 

E-mail: helena.lupari@kolumbus.fi 
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Color Preference of Preschoolers: Compared to Adults’ Surmise
Wei-Chun HUNG, Pei-Li SUN and Li-Chen OU

Graduate Institute of Color and Illumination Technology, 
National Taiwan University of Science and Technology

ABSTRACT
Previous studies show that color preference of human varies across different culture, gender, 

age, race and educational background. Personal experience and personality also would affect the 
choice of preferred colors. In addition, the preference could be object dependent. For example, an 
individual would prefer black shoes but dislike a black wash machine.

The aim of this study is to investigate the color preferences of young children aged 4~5 and 
to compare with the viewpoint of adults in color preferences of the children. Based on the truth that 
preschoolers receive minor influence from environment comparing with adults, it’s interesting to 
know is if adults’ opinions agree with the young children’. The effects of gender and the association of 
objects also were analyzed.

In this study 15 color samples were chosen including: pure red, orange, yellow, green, blue, 
purple, black, gray, white, and six additional colors selected from Angela Wright’s Personality Type 1 
Morning Light Color. It contains pink, light orange, light yellow, light green, light blue, light purple. 
These six colors are relatively bright and low chroma. We used these 15 colors to produce color 
patches, mini T-shirts and candy-shaped packaging as test samples.

 c i ren o  o r to fi e ear o  rom a in ergarten in ai ei artici ate  in t i  t  to te t 
their personal color preferences on color patch, T-shirt and candy-shaped packaging. This study also 
investigated 15 single adults aged of 23 to 25 for guessing the color preferences of the preschoolers on 
the three types of object.
The experimental data were analyzed by SPSS statistical software (version 19), and the results are 
summarized as follows:
(1) The general color preference of the preschoolers listed in descending order is: pink, light green, 
light blue, light yellow, gray, white, light purple, red, purple, and blue. Pink and light green are the 
most favorite colors for the girls and the boys respectively. In comparison with the two genders, the 
boys do not like pink and red whereas girls are not interesting in light green and green. In general, the 
preschoolers prefer bright colors with low chorma.
(2) While the boys prefer a black T-shirts, the girls in contrast like white T-shirts. It seems that children 
like neutral colors when buying a T-shirt. Their secondary choice is light blue.
(3) Boys like orange and girls like red and pink in choosing a candy.
(4) The adults think that the most favorite color of the girls must be pink in the color patch and T-shirt 
items, and the most favorite color of the boys should be light blue for the color patch and light yellow 
for the T-shirt. The adults’ results are quite different from that of the preschoolers’. So, parents and 
manufacturers should give more freedom to young children in choosing color products.

More results will be reported in the full paper.

 

 

Color Preference of Preschoolers:  
Compared to Adults’ Surmise 

Wei-Chun HUNG, Pei-Li SUN, Li-Chen OU 

 Graduate Institute of Color and Illumination Technology, National Taiwan University of 
Science and Technology 

ABSTRACT 
The aim of this study is to investigate the color preferences of young children aged 4~5 and 
to compare with the viewpoint of adults in color preferences of the children. Based on the 
truth that preschoolers receive minor influence from environment comparing with adults, 
it’s interesting to know as if adults’ opinions agree with the young children’. The effects of 
gender and the association of objects also were analyzed. In this study, 15 color samples 
were chosen to produce color patches, mini T-shirts and candy-shaped packaging as test 
samples. The experimental results show there are gender differences in the preschoolers’ 
color preferences. Age and the association of objects also influence the color preferences. 
Adults chose stereotype colors – pink for girls and blue for boys –  especially in guessing 
the preschoolers’ favorite color patches. However, the preschoolers prefer wide range of 
colors including neutral colors. 

1. INTRODUCTION 
Previous studies show that color preference of human varies across different culture 
(Choungourian, 1968), gender (Hurlbert and Ling, 2007), age (Taylor, Schloss, Palmer, and 
Franklin, 2013), race and educational background (Schloss, Strauss and Palmer, 2013). 
Personal experience and personality also would affect the choice of preferred colors 
(Palmer, and Schloss, 2010). In addition, the preference could be object dependent 
(Schloss, Strauss and Palmer, 2013). For example, an individual would prefer black shoes 
but dislike a black wash machine. 

 “Girls wear pink and boys wear blue” is one of gender stereotypes nowadays. However, 
before the 1920s, parents dressed infants and toddlers, girls and boys alike, in white 
dresses, suggesting that color and dresses were not used to distinguish between girls and 
boys (Chiu et al., 2006). Gender identity imposed by the parents might play an important 
role on the pink frilly dresses of girls (Ruble, Lurye, Zosuls, 2007). It is interesting to know 
the color preference of patches and dresses across different genders and different ages. The 
results will be useful for designing learning materials for children. 

2. METHOD 
A series of psychovisual experiments were conducted to investigate the preferred colors of 
preschoolers. Young adults also participated to the experiments for comparing the results. 
Three types of objects including color patch, T-shirt and candy-shaped packaging were 
used for preferred color selection. The independent variables of the experiments were 
Gender, Object Type, and Age Group. 
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2.1 Test Samples 
In the experiments, every participant must select one of 15 colors to be his/her favorite 
color for each test session. The 15 colors include pure red (R), orange (O), yellow (Y), 
green (G), blue (B), purple (P), black (K), gray (Gy), white (W), plus six additional colors 
selected from Angela Wright’s Personality Type 1 Morning Light Color (Wright, 1998) 
which is common used to produce children’s products. It contains pink (LR), light orange 
(LO), light yellow (LY), light green (LG), light blue (LB) and light purple (LP). These six 
colors are relatively brighter and less saturate. 45(=15*3 repeated) color patches were 
printed out on uncoated papers using an inkjet printer and then folded them manually as the 
color patches, the mini T-shirts and the candy-shaped packaging respectively as shown as 
Figure 1. 

a       b       c    

Figure 1: Test samples: (a) color patches, (b) mini T-shirts, and (c) candy packaging 

2.2 Experimental Setup 
The experiments were conducted under a dark room. The participants were asked to fully 
adapt to the dark surround in front of a LED light booth with about 835 lux illuminance for 
two minutes.  After the adaptation, the participants were asked to choose their preferred 
color of a set of samples inside the light booth. The participants divided into two age 
groups. The preschoolers include 19 children (10 male and 9 female) aged 4 to 5 from a 
kindergarten in Taipei. And the adults include 15 postgraduate students (9 males, 6 
females) aged 23 to 25 from our university. All of them passed Ishihara color vision test. 
Each of them has to answer a questionnaire. The preschoolers have three sessions for 
choosing favorite color patch, mini T-shirt and candy packaging sequentially. However, the 
adults have four sessions including two sessions to choose their own favorite color patch 
and mini T-shirt, and two sessions to guess the favorite colors of boys and girls. Figure 2 
show the sequence of answering the questionnaire of each test session for either the 
preschoolers or the adults. 

 
Figure 2: The sequence of answering the questionnaire for different test session. 
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3. RESULTS AND DISCUSSION 

3.1 Gender Differences of Preschoolers 
We would like to know whether the preschoolers have gender differences in color 
preferences. The preferred colors of the preschoolers for color patches listed in descending 
order are: pink, light green, light blue, light yellow, gray, white, light purple, red, purple, 
and blue (see Figure 3). Pink (34%) and light green (30%) are the most favorite colors for 
the girls and the boys respectively.  Furthermore, the boys selected light blue (20%) as the 
second favorite color whereas the girls selected light yellow (22%) as the second. In 
comparison with the two genders, none of the boys like pink as their favorite color whereas 
girls are not interesting in green, but girls rank light blue (11%) as their third favorite color. 
Boys are interested in red more than girls and girls prefer light yellow more than boys. 
Light blue, gray, and white are favorite colors for both boys and girls. In general, the 
preschoolers prefer bright colors with low chroma. In summary, there are significant gender 
differences in preschoolers’ color preferences based on Chi-square test on 4 color groups 
(pink, light blue, neutral colors and all the others). 
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Figure 3: Color (patch) preference: (a) preschoolers, (b) boys, and (c) girls. 

 

3.2 Preschoolers vs. Adults 
We also would like to know whether age influenced the choice of favorite colors. The 
preferred colors of the adults listed in descending order are: light blue, pink, light green, 
red, orange, light orange, yellow, light yellow, green (see Figure 4). Pink (33%) and light 
blue (45%) are the most favorite colors for the females and the males respectively. It 
confirmes the stereotype colors for the two genders. Furthermore light blue are favorite for 
both males and females. In compared with the preschoolers (referring to Figure 3), adults 
also preferred light color.  However, the latters are not interested in neutral colors. Adult 
has the same tendency as the preschoolers that males do not like pink whereas females are 
not interesting in green. In the top three chosen colors (light blue, light green and pink), 
adults and preschools are the same. Moreover, adults like orange and preschoolers like 
purple and neutral colors.  Regardless of age, females like pink (adult and preschooler both 
are 34%) and warm color, males like cool color more. Surprisingly, some preschoolers are 
interest in neutral color, and none of them like orange color. Light blue was preferred by all 
genders and age groups. In short, there are some age differences in color preferences. 
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Figure 4: Color (patch) preference: (a) adults, (b) males, and (c) females. 

 

The results of Chi-square test show insignificant differences between the proportional 
distributions of boy and girl subjects in color preference of warm and cool colors. 
Conversely, there is significant difference between the proportional distributions of male 
and female (χ2 =5.402, d.f. =1, p=.041). (see  Figure 5) 
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Figure 5:Color preferences (Warm/Cool) of males and females, boys and girls 

in percentage of each group. 

3.3 The Impact of Object Type 
We are interested to know if object type influencing the color preference significantly. 
Color preferences of different group of participants on T-shirts and candies are shown in 
Figure 6. As we can see, the boys prefer a T-shirt in black (30%) but the girls more like a 
T-shirt in white (23%). It seems that children like neutral colors when buying a T-shirt. 
Their secondary choice was light blue. The red, pink and orange are top three preferred 
colors of the candy packaging among the preschoolers. Boys like orange (20%) and girls 
like red (45%)and pink (44%) in choosing a candy. The result implies color and taste has 
some connection. A red or pink candy might taste sweeter in participants’ memory. It 
should be a psychological effect. The results of Chi-square test show that the color 
preference of patch (p=0.001) and candy packaging (p=0.002) of the preschoolers have 
significant gender difference but T-shirt doesn’t (p=0.09) at 95% confidence level. In terms 
of the effect of object types in the preschooler group, only T-shirt versus candy packaging 
for girls (p=0.003) have significant different color preferences. Moreover, in the adults 
group, color patch and T-shirt of both males and females show significant preferance 
differences. The males prefer a light blue T-shirt (45%) whereas the females like a red T-
shirt (33%). 
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Figure 6: Color preference between objects. (a) T-shirts and (b) candies. 

3.4 Adults’ Surmise 
We are also interested to know how accurate is the adults’ surmise on  preschoolers’ color 
preferences on different type of objects. A comparison between Figure 3 and 7a confirms 
that adults picked stereotype colors for the preschoolers especially in guessing the 
preschoolers’ favorite color patches. 73.3% adults surmised that the girls like Pink and 
47% adults surmised that the boys like Blue (or light blue). The results are a little bit 
different from the preschoolers’ shown in Figure 3. In reality, preschoolers chose more 
color categories such as gray and white.  On the other hand, adults’ surmise on the 
preschoolers’ preferred T-shirt colors are quite inaccurate. The adults think the girls like 
light pink but in reality, the girls like a wide range of colors including white, black and 
purple (Figure 6a). The adults also think boys like light colors especially in light yellow 
and green. However, the boys prefer black instead of the light yellow. 
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Figure 7: Adults’ surmise on: (a) favorite color patch, and (b) favorite T-shirt color of the 
preschoolers. 

4. CONCLUSIONS 
This study aims to explore the color preferences of preschoolers and to compare with the 
viewpoint of adults in color preferences of the children, and the effects of gender, age and 
the association of objects also were investigated. The results show there are gender 
differences in the preschoolers’ color preferences. Age and the association of objects also 
influence the color preferences to some degree. Adults chose stereotype colors – pink for 
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Figure 7: Adults’ surmise on: (a) favorite color patch, and (b) favorite T-shirt color of the 
preschoolers. 

4. CONCLUSIONS 
This study aims to explore the color preferences of preschoolers and to compare with the 
viewpoint of adults in color preferences of the children, and the effects of gender, age and 
the association of objects also were investigated. The results show there are gender 
differences in the preschoolers’ color preferences. Age and the association of objects also 
influence the color preferences to some degree. Adults chose stereotype colors – pink for 

 

 

girls and blue for boys – especially in guessing the preschoolers’ favorite color patches. 
However, the preschoolers prefer wide range of colors including neutral colors. We hope 
the results can break the gender stereotypes, prompt product designers to rethink the color 
usage for children and let children select more neutral and variety of colors for their 
everyday life.  
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ABSTRACT
This paper presents experimental results of a work on the change in the memory of color. The 

work was done by using mutual color of adjacent two color categories. In the previous research, it 
was thought the change of memory of color could be restricted within the color category. However, 
we found that the memory of color may change to the direction of typical color of each object when 
two kind of the object images with same color are presented.  It suggests us that the knowledge on the 
typical object color may affect to the recognition and memory of color even beyond color categories.

 

 

Influence of the typical color in object memory task 
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ABSTRACT 
This paper presents the results of a study on changes in color memory. We presented colors 
from two adjacent color categories to participants, and found that color memory may change 
in the direction towards the typical color of each object when two object images of the same 
color are presented. On the other hand, no significant differences between the color 
conditions were found for objects that do not have a typical color. These results suggest that 
knowledge about an object’s color may affect the recognition and categorization of the color. 

1. INTRODUCTION 
When people see the color of an object, they recognize it using their accumulated knowledge. 
Many studies have discussed the role of color in object memory (Tanaka, Weiskopf & 
Williams, 2001; Nagai & Yokosawa 2006). The color of an object is categorized 
immediately, and stored with its shape and texture in the memory trace. If the hue of an 
object is typically within a particular range, these information is stored with other knowledge 
of the object. As the color yellow comes to mind when one hears the word “lemon,” colors 
that are strongly associated with objects are referred to as typical colors. Delk and 
Fillenbaum suggested that the knowledge of an object’s typical color could indeed affect an 
object’s color perception (Delk and Fillenbaum, 1965). Moreover, several studies have 
reported that when objects are presented in their typical colors, recall performance is higher 
than when objects are presented in non-typical colors (Ratner & McCarthy, 1990). In 
general, it is thought that objects presented in their typical color are stored in greater detail 
than are objects without a typical color. However, the accuracy of color memory based on 
typical color might be rather low. In addition, Mitterer and Ruiter (2008) reported that 
observers use knowledge of an object’s color to recalibrate their color categories. But the 
role of typical color in color categorization is not enough discussed. Thus, the present study 
examines whether the degree of association object and its color influences categorization. 

2. METHOD 
In this experiment, we used as stimuli colors that are difficult to clearly categorize as (e.g., 
intermediate colors of red and orange). Images of two objects that have a typical color and 
an image of an object without a typical color were presented in the same color. We compared 
the amount and direction of change in memory for each condition. We additionally examined 
whether color categories determined by using color chips are the same as when determined 
using object images. From these results, we consider the effect of typical color on 
categorization of color memory. 

2.1 Participants 

A total 68 students (67 Japanese, 1 Chinese, 28 male, 40 female, average age = 20.3 ± 1.3) 
participated in this experiment.  
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2.1 Participants 

A total 68 students (67 Japanese, 1 Chinese, 28 male, 40 female, average age = 20.3 ± 1.3) 
participated in this experiment.  

 

 

 

2.2 Stimulus 
In the memory task, 18 photo images of familiar objects were prepared as stimuli. These 
images were classified into an A, B, or C condition depending on the color property of the 
objects (Figure 1). Conditions A and B consisted of objects that have a typical color. The 
typical colors of the objects in conditions A and B were adjacent, such as red and orange. If 
the image in condition A was a tomato, for example, condition B was a persimmon. There 
were 6 pairs of stimuli in conditions A and B. The objects classified into condition C did not 
have a typical color. In addition, the three object conditions were presented with two color 
conditions of consisting of colors intermediate from the typical and non-typical colors of 
objects A and B. The objects and their typical colors are listed in Table 1. Participants 
performed two of these six conditions. In addition, 7 color selection charts were created for 
each condition (Figure 2). In each chart, the correct color and six other neighboring colors 
were indicated: three neighboring colors clockwise from the correct on the Mansell hue ring 
were selected, and three colors counterclockwise from correct color on the Mansell Hue ring 
were selected. The color difference E (the L*a*b* color space) between each chart was 
about 13.6 on average. In the color categorization task, 48 colors, including the same color 
used in the memory tasks and those on the color charts, were selected as stimuli for assessing 
color categorization. 

Table 1. Stimulus objects of the 3 object conditions. 

 Red-
Orange 

Orange-
Yellow 

Yellow-
Light green 

Green-       
Blue green 

Blue-
Violet 

Purple-
Red purple 

Object A tomato orange banana cucumber grape eggplant 

Object B persimmon lemon peas ramune bottle blueberry red radish 

Object C tea pot cap flash light polo shirt camera ribbon 

 

 

 

  

 

2.3 Experimental Procedure 
After instruction, participants began the memory task. All images were displayed on 24.1-
inches LCD screen. The observation distance to the screen was 80 cm, and the view angle 

Firure 2. Example of a screen in color 
recognition task. 

 

Figure 1. Example of stimulus images. 
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was 5-7 degrees. In this task, color images appeared for 2 sec each at the center of the screen, 
and the participants observed the image. A total of 12 color images were presented. Next, 
participants completes a 5-10 min interference task in which they subtracted two-digit 
numbers or practiced typewriting. After this interference task, all participants began the 
object recognition task. In the recognition task, participants were asked to select the object 
they observed during the memory task from the object list and mark it with a check. There 
were 24 object names, including the correct answer, on the list. Following this, the 
participants were asked to choose the color of the objects observed during the memory task. 
At first, grayscale images were displayed for 2 sec. Next, seven images of the same shape 
but painted in different colors were presented. These seven images appeared in random 
positions. The participants were instructed to indicate which object were same color as that 
presented during the memory task by clicking on the image with an optical mouse. When 
they clicked the mouse, the next trial began. There were a total of 12 trials. Then, participants 
were instructed to classify 48 color chips of the color category. The 48 color chips (3 cm × 
3 cm) were singly presented at random, and participants were to indicate whether the 
presented color applied to any color category on the screen (see Figure 3). Nine color names 
and frames were presented on the screen, and participants were to move the color chips using 
the mouse. The color categories that were prepared in advance were red, orange, yellow, 
yellow-green, green, light blue, blue, purple, and brown. Participants were allowed to create 
a new category if they did not think any of the displayed categories were accurate. The 
experiment concluded following the color category task. 

 

 
Figure 3. A screen example after color categorization task. 

 

3. RESULTS AND DISCUSSION 
To compare recognition of object names across the conditions, we calculated the number of 
correct objects participants selected from the list. The average of correct rates for each 
condition were compared in a 3 (object: object A, B, C)  2 (color: intermediate vs non-
typical) ANOVA. There was a significant effect of object [F (2, 130) = 3.26, p < .05]. Object 
A (93.6%) was associated with a significantly higher percentage of correct answers than was 
object C (85.8%). If an object was presented in a color close to the typical color of object A, 

752
AIC2015 TOKYO - Color and Image



 

 

was 5-7 degrees. In this task, color images appeared for 2 sec each at the center of the screen, 
and the participants observed the image. A total of 12 color images were presented. Next, 
participants completes a 5-10 min interference task in which they subtracted two-digit 
numbers or practiced typewriting. After this interference task, all participants began the 
object recognition task. In the recognition task, participants were asked to select the object 
they observed during the memory task from the object list and mark it with a check. There 
were 24 object names, including the correct answer, on the list. Following this, the 
participants were asked to choose the color of the objects observed during the memory task. 
At first, grayscale images were displayed for 2 sec. Next, seven images of the same shape 
but painted in different colors were presented. These seven images appeared in random 
positions. The participants were instructed to indicate which object were same color as that 
presented during the memory task by clicking on the image with an optical mouse. When 
they clicked the mouse, the next trial began. There were a total of 12 trials. Then, participants 
were instructed to classify 48 color chips of the color category. The 48 color chips (3 cm × 
3 cm) were singly presented at random, and participants were to indicate whether the 
presented color applied to any color category on the screen (see Figure 3). Nine color names 
and frames were presented on the screen, and participants were to move the color chips using 
the mouse. The color categories that were prepared in advance were red, orange, yellow, 
yellow-green, green, light blue, blue, purple, and brown. Participants were allowed to create 
a new category if they did not think any of the displayed categories were accurate. The 
experiment concluded following the color category task. 

 

 
Figure 3. A screen example after color categorization task. 
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To compare recognition of object names across the conditions, we calculated the number of 
correct objects participants selected from the list. The average of correct rates for each 
condition were compared in a 3 (object: object A, B, C)  2 (color: intermediate vs non-
typical) ANOVA. There was a significant effect of object [F (2, 130) = 3.26, p < .05]. Object 
A (93.6%) was associated with a significantly higher percentage of correct answers than was 
object C (85.8%). If an object was presented in a color close to the typical color of object A, 

 

 

recognition of the object name was better than objects without a typical color. Thus, when 
an object is associated with color, its color information facilitates recognition of the object. 

Next, we investigated recognition of the object color rather than the object name. From 
the results of the recognition task, it was examined whether the selected color changed in 
either direction and how far it shifted from the stimulus color. The differences between the 
12 selected colors and 12 stimulus colors were calculated using the L*a*b* color space. 
Change in direction was calculated as + changes clockwise on Mansell hue circle, and - 
changes in the counter-clockwise direction. The amount of change in each trial was analyzed 
AVOVA. There was a significant effect of color [F (1, 130) = 6.7, p < .05] (Figure. 4). 
Analysis results of the average change in direction did not indicate any significant effects of 
color and object, but did show a significant interaction [F (2, 130) = 7.16, p < .01]. 
Examination of the simple main effects revealed that in the close color to the typical color 
of objects A and B, the changes in direction were significantly different between objects A 
and B (p < .001), and objects A and C (p < .001). In addition, in the intermediate color 
condition of objects A and B, there was a clear change in direction relative to the non-typical 
color condition. The left side of Figure 4 indicates that in the object B condition, the direction 
changed to clockwise, and in the object A condition, it changed to counterclockwise. In 
addition, we calculated the number of different category cases between the stimulus color 
and the selected color in the color categorization task. Results of the χ2 test showed a 
significant difference between objects that have typical color and objects that do not have a 
typical color (p < .05). This suggests that when the participants viewed an object with a color 
close to the typical color, they selected a color belonging to a different category of the color 
they saw in the memory task. Thus, information regarding the typical color of an object 
influenced color category boundaries. 

 

 

4. CONCLUSIONS 
From these experiments, it has become clear that human color memory shifts to its own 
typical color of the object when 2 objects of a different typical color are painted with an 
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intermediate color. Moreover, the present results suggest that in the case of objects that do 
not have a typical color, color condition does not impact memory. It is suggested that the 
strength of an association between an object and its color involves the accuracy of color 
memory. Further, it is possible that information regarding the representative color does not 
necessarily promote accuracy of detailed color memory. In the object condition that have a 
typical color, the participants often selected a color that belong a different category from a 
stimulus color’s one. Colors close to an object’s typical color promote readjustment of color 
category boundaries when recognizing the object.  
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ABSTRACT
In this study, individual color-harmony scores were determined by rating experiment prior to 

functional imaging study. Each participant rated 351 two-color combinations stimuli presented against 
a grey background on a 9-point scale.　Based on the results, we made individual data sets for each 
participant to optimise the subjective experience of color harmony and disharmony; then we selected 
30 stimuli in each class according to highest, middle, and lowest scores. We conducted functional mag-
netic resonance imaging to determine the brain regions activated by harmonious and disharmonious 
color combinations in comparison to other stimuli. Each participant was instructed to rate a stimulus 
on a 3-point scale (1: Disharmony, 2: Neutral, 3: Harmony) within 2500 ms. Image processing and 
analysis were performed using SPM8. During the presentation of Harmony stimuli, we found that the 
left medial orbitofrontal cortex (mOFC) was activated, while, bilateral amygdala and right inferior 
frontal gyrus were activated under the presentation of Disharmony stimuli. We observed the associa-
tion between color harmony and perceptual properties by using a simple two-color combination stim-
ulus in this functional magnetic resonance imaging (fMRI) study. To quantify the relationship of two 
co or  e intro ce  fi e in e e  a e  on  co or ace  i e  i erence in ig tne  L*), 
mean lightness (meanL  i erence in c roma C*), mean chroma (meanC*), and difference in 

e H  i  e eriment re ea e  t at t ere ere no ignificant i erence  et een e tra  an  
armon  tim  com ination  o e er  i armon  tim  a  ignificant i erence  in L*, 

meanL*, meanC  an  H* in comparison to Harmony or Neutral. We found that color disharmony 
e en e  on erce t a  ro ertie  o  t e act a  tim  a en toget er  o r fin ing  gge t t at co -

or disharmony depends on its stimulus properties and unconscious neural processes mediated by the 
amygdala, whereas color harmony is harder to discriminate based on color characteristics and is sup-
ported by processing aesthetic value within the medial orbitofrontal cortex.
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ABSTRACT 

Prior to functional imaging study, individual color harmony scores were determined by 
rating experiment. Each participant rated 351 two-color combinations stimuli presented 
against a gray background on a 9-point scale.	 Based on the results, we made individual 
data sets for each participant to optimise the subjective experience of color harmony and 
disharmony; then we selected 30 stimuli in each class according to highest, middle, and 
lowest scores. We conducted functional magnetic resonance imaging to determine the 
brain regions activated by harmonious and disharmonious color combinations in 
comparison to neutral combination. Each participant was instructed to rate a stimulus on a 
3-point scale. During the presentation of Harmony stimuli, we found that the left medial 
orbitofrontal cortex was activated, while, bilateral amygdala and right inferior frontal gyrus 
were activated under the presentation of Disharmony stimuli. To quantify the relationship 
of two colors, we introduced five indexes based on CIELAB color space, i.e. difference in 
lightness (∆L*), mean lightness (meanL*), difference in chroma (∆C*), mean chroma 
(meanC*), and difference in hue (∆H*). This experiment revealed that there were no 
significant differences between Neutral and Harmony stimulus combinations, however, 
Disharmony stimulus had significant differences in ∆L*, meanL*, meanC* and ∆H* in 
comparison to Harmony or Neutral. We found that color disharmony depended on 
perceptual properties of the actual stimulus. Taken together, our findings suggest that color 
disharmony depends on its stimulus properties and unconscious neural processes mediated 
by the amygdala, whereas color harmony is harder to discriminate based on color 
characteristics and is supported by processing aesthetic value within the medial 
orbitofrontal cortex. 

1. INTRODUCTION 

To make our daily lives more comfortable, we tend to gravitate toward harmonious color 
combinations. This can be seen in the clothing combinations we select, and so on. 
Research on color harmony theory has a long history. Theory of Colours, a book published 
by Goethe in 1810, established a wheel describing principal components of colors, which 
are consisted of three primary (yellow, red, and blue) and three secondary colors (orange, 
green, and violet); it was thought that harmonious relationships existed between colors that 
were opposite (complementary) each other on this wheel (Von Goethe 1970). Additionally, 
Munsell (1907) developed a color order system that was based on three perceptual 
properties: hue, value (lightness), and chroma. More recent study has focused on how to 
generate harmonious color combinations based on hue, chroma, and lightness using 
CIELAB to quantitatively assess differences in uniform color space (Ou and Luo 2006). 

Previous studies revealed that color harmony could be predicted by these three properties. 
However, the neural mechanisms which underlie the aesthetic and emotional aspects of 
color, specifically harmony or disharmony, are still poorly understood. It is known that 
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color information is first processed on the retina followed by higher visual cortices 
(McKeefry and Zeki 1997). Since, color harmony has been reported to exert a pleasing 
effect (Judd and Wyszecki 1963), brain regions activated by harmonious or disharmonious 
color combination should be able to process both perceptual and affective, in particular 
aesthetic aspects of color. Moreover, disharmonious color combinations might elicit an 
opposite, negative emotion. 

Previous studies have indicated that color harmony can be influenced by many factors such 
as shape, size, the number of colors, and the relative positions of colors in a combination 
(Hård and Sivik 2001, Burchett 2002). Therefore, in the current study, we first examined 
the association between perceptual properties and color-harmony score with 351 color 
combinations presented against a gray background. The use of different pairs of color 
combinations allowed us to assess the relationship between two colors and the three 
perceptual properties: lightness, chroma, and hue. We then conducted functional magnetic 
resonance imaging (fMRI) to examine the brain regions which were activated during the 
presentation of harmonious and disharmonious combinations compared with the neutral 
stimuli. This method appears to be the simplest way to examine the neural correlates of 
aesthetic preference of color.  

2. METHOD 

2.1 Participants 
Eighteen participants (6 females and 12 males, aged 19–30) attended the fMRI study All 
participants had normal or corrected-to-normal vision, and none had a history of 
neurological or psychiatric disorders. Moreover, none of the participants had any special 
experience with art or color design. We used Ishihara plates for the color vision test under 
a fluorescent light simulating D65 illuminant. Written informed consent was obtained from 
all participants, the experiments were conducted in accordance with the ethical guidelines 
of the Declaration of Helsinki, and all methodology was approved by the Committee of 
Medical Ethics, Graduate School of Medicine, Kyoto University. 

2.2 Experimental Procedure 
In the fMRI experiment, participants viewed stimuli on a screen projected (U2-X2000, 
PLUS Corporation, Japan) through a mirror attached to the head coil. Earplugs were used 
to reduce the noise from the MRI scanner. We calibrated the projector using a luminance 
colorimeter (CS-100A, Konica Minolta, Japan). We made a color palette that contained 27 
colors (six hues across four tones and three achromatic colors, see Figure 1). These colors 
were chosen from the Practical Color Co-ordinate System (PCCS: developed by Japan 
Color Research Institute), which has been determined to be suitable for making 
harmonious color combinations. 

From the results of the preliminary experiment, we made individual data sets for each 
participant to optimise the subjective experience of color harmony and disharmony; we 
selected 30 stimuli in each condition according to highest, middle, and lowest given scores 
individually. 

The fMRI experiment was conducted in a 3-T MRI scanner (Trio, Siemens, Germany). A 
forehead strap and form pads were used to reduce head motion. Functional images were 
taken with a gradient echo echo-planar pulse sequence (TR = 2500 ms, TE = 30 ms; flip 
angle = 90°, voxel size = 3 mm × 3 mm × 3 mm; 36 axial slices). To minimise signal loss 
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in the orbitofrontal cortex caused by local susceptibility gradients, we used a tilted 
acquisition sequence at 30° to the AC-PC line (Deichmann et al. 2003). Following the 
acquisition of functional images, anatomical T1-weighted images (MPRAGE sequence, 
voxel size = 0.94 mm × 0.94 mm × 1 mm, 208 slices) were collected. 
 

 
Figure 1: Color pallet used in this experiment. 

 

Following the presentation of a black fixation cross (for 1000 ms), participants were 
instructed to rate a stimulus on a 3-point scale (1 = disharmony, 3 = harmony) within 2500 
ms by pressing three buttons on the response box in their right hand. After the rating, we 
set a pseudo-randomised inter-trial interval (2000, 2500, or 3000 ms) before starting the 
next trial. Participants rated for 180 trials (30 stimuli × 3 data sets × 2 repetitions) and 60 
catch trials in which they had to press any button as soon as the black fixation point turned 
white. All trials were presented in a pseudo-randomised order. 

2.3 Image Processing and Analysis 

Image processing and analysis were performed using SPM8 (Wellcome Department of 
Cognitive Neurology, London, UK) running on MATLAB (MathWorks Inc., Sherborn, 
MA, USA). First, we conducted slice acquisition timing correction to functional images. 
These images were realigned to the mean image for correction of head movement. T1-
weighted anatomical images were then normalised to the MNI space, and its parameter was 
applied to normalise the realigned functional images. Images were then smoothed with an 
isotropic Gaussian kernel of 6-mm full width-half maximum, and low-frequency noise was 
removed using a high-pass filter (time constant 128 s).  
Individual analysis was performed with a fixed effect model. Statistical parametric maps 
were calculated to identify voxels with event-related BOLD signal changes using the 
general linear model (GLM). Trials were classified into three conditions (Harmony, 
Neutral, and Disharmony) by the responses of each participant during functional scanning. 
Each event defined as the onset of a stimulus presentation was convolved with a canonical 
hemodynamic response function (HRF) to provide regressors for the GLM. Head 
movement parameters calculated in the realignment step and onsets of the catch trials 
convolved with HRF were included in this model as regressors of no interest. Lastly, 
contrast images for ‘Harmony vs. Neutral’ and ‘Disharmony vs. Neutral’ were run through 
a second-level t-test to make statistical maps at the group level. The statistical threshold 
was set at p < 0.001 (uncorrected). 
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3. RESULTS AND DISCUSSION 

Table 1 shows activated regions during presentation of Harmony and Disharmony stimuli 
when compared to Neutral stimuli as baseline. During the presentation of Harmony stimuli, 
we found that the left medial orbitofrontal cortex (mOFC) was activated, while, bilateral 
amygdala and right inferior frontal gyrus were activated under the presentation of 
Disharmony stimuli (Figure 2). These results are reported as MNI coordinates. 
 

Table 1. Activated areas in each contrast.  

Contrast Anatomical label BA Coordinates 
Z k 

x y z 
Harmony > Neutral Medial Orbitofrontal Cortex 10/11 -4 56 -2 3.53 9 
Disharmony > Neutral Cerebelum  22 -44 -36 5.53 57 

 Inferior Frontal Cortex 45/47 50 32 -2 4.26 33 

 Hippocampus  -20 -38 10 4.15 27 

 Amygdala  -10 -4 -14 4.07 24 

 Precentral Gyrus 6 56 -4 36 3.91 57 

 Amygdala  20 -8 -20 3.78 14 

 Anterior Cingurate Cortex 32 -6 48 14 3.71 24 

 Middle Temporal Cortex 39 46 -56 20 3.70 21 

 Cerebelum  -14 -50 -32 3.68 33 

 Superior Temporal Cortex 39 46 -32 20 3.57 41 

 Celeberum  14 -38 -32 3.56 14 

 Middle Temporal Cortex 38 -60 -8 -20 3.53 15 
  Inferior Frontal Cortex 45 42 22 12 3.45 14 

(BA : Brodmann Area) 
 

 
Figure 2: Statistical parametric maps rendered on a slice of T1-weighted image. 

 
The fact that harmonious stimuli combinations activated the mOFC was consistent with 
previous studies showing that this region was activated when individuals felt an 
aesthetically pleasing experience in the musical context (Blood et al. 1999) and the visuo-
spatial context (Kawabata and Zeki 2004, Vartanian and Goel 2004, Ishizu and Zeki 2011). 
Therefore, activation of the mOFC is not restricted to experiences of color harmony, but is 
involved in various aesthetic experiences regardless of modality. 
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We also found that disharmonious stimuli combinations activated bilateral amygdala and 
several cortical regions including the right IFC, anterior cingulate cortex, and 
middle/superior temporal cortex. It is well established that the amygdala plays an 
important role in evaluating the biological significance of affective visual stimuli. This 
subcortical region has been shown to activate when emotionally negative stimuli are 
presented, and furthermore, the activation of the amygdala might involve unconscious 
processing of affective visual stimuli (Pessoa and Adolphs 2010).  

To quantify perceptual properties of two colors, we introduced five indexes made from 
CIELAB color space, i.e. difference in lightness (∆L*), mean lightness (meanL*), 
difference in chroma (∆C*), mean chroma (meanC*), and difference in hue (∆H*) (Note: 
we avoided using mean hue since we determined it to be an unsuitable index; for example, 
the mean hue of red and green is yellow). From the results of one-way ANOVAs, we 
determined that main effects of meanL* [F(2,34) = 24.44, p < 0.001], ∆L* [F(2,34) = 
14.08, p < 0.001], meanC* [F(2,34) = 13.02, p < 0.001], and ∆H* [F(2,34) = 23.04, p < 
0.001] were significant; however, the main effect of ∆C* [F(2,34) = 1.10, p = 0.344] was 
not significant. Additionally, multiple comparisons using Shaffer’s modified Bonferroni 
procedure revealed that there were significant differences between Disharmony and 
Neutral, and between Disharmony and Harmony (p < 0.05; Figure 3). However, there were 
no significant difference between Neutral vs. Harmony (p > 0.05) in any indexes. 
Perceptual characteristics of disharmonious stimuli were different from those of neutral 
and harmonious stimuli. This results suggest that disharmonious combination can be 
determined by perceptual characteristics, including darkness, saturation, and 
complementary color combination. 

 

 
Figure 3: Five indexes of color combination stimuli across the three conditions. 

 

Previous studies have treated the scoring of color harmony as a bipolar single scale; 
however, the results of our fMRI experiments suggest that color harmony contains two 
processes. First, color disharmony depends on the stimulus itself and the unconscious 
neural process that is mediated by the amygdala. In contrast, color harmony is hard to 
determine based on color characteristics alone, and this is supported by processing 
aesthetic value within the mOFC. 

4. CONCLUSIONS 

Harmonious color combination was represented in mOFC. However, amygdala was 
activated by a disharmonius color combination, which was easily determined by perceptual 
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characteristics in the CIELAB color space. A bipolar single scale on color harmony might 
consist of independent neural mechanisms. 
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ABSTRACT
The totally blind persons have strong interests in color though they can’t see color. Ladies in 

particular like to know colors of the clothes they are wearing and like to enjoy color coordination 
of their clothes. In order to meet this request, we first studied how the color is represented in the 
perceptual world of totally blind person and secondly tried to look for the best way to let them know 
the color of clothes. 

r cientific intere t a  mo t  oc e  on o  t e co or i  n er too   congenita  in  
who have had no experience of seeing color in their life. After a questionnaire on what color names 
they know in their daily life, it was found that most of the basic color terms were understood by 
persons with total blindness and this led us to conduct on color scheme experiment on the basic colors 
using MDS (multidimensional scaling) method. We asked all the 16 totally blind persons, some of 
them being congenital blind, how far (or near) the two color terms given in verbally was considered 
apart and to answer in 5 point scale from very far to very near.

Ten basic colors based on Munsell color system were used so that 45 pairs of color names were 
tested. The result showed that 13 persons including 10 congenital blind persons showed a clear color 
circle with the right order of hue was obtained. The resting three persons, who failed to show a color 
circle, were all men rather aged and confessed no interest in color in their life.

eing a e  on t e e fin ing  e e igne  a tacti e co or tag it  a circ e ma e  ten ma  
tactile dots one of them being a larger dot (or make a hole) to show the color to be known. Some tactile 
e eriment  ere one to confirm t e a ro riate i e o  t e co or circ e an  a tacti e ot i e ma  
or large, or a hole). 

Finally, we developed a color tag to convey color information to the blind which has two circles 
with an outer circle of vivid colors and an inner circle for pale colors as well as achromatic colors 
(white grey and black) in the center of the circle like the color space. Test tags were made from a few 
materia  acr ic tton  em roi er  an  artificia  eat er  an  attac e  t em to irt  it  i erent 
co or   t e  in  ect  artici ate  in t e i entification e eriment o e  a mo t er ect 
performance (93 % correct) in identifying colors of the T-shirts. The design was successfully proved to 
e e  to con e  co or in ormation to t e in   t i  fina  note  t at rom it  co or circ e t e in  

person can also enjoy a combination of colors from the positions of the colors in the circle so that near 
means similar or far means high color contrast.
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ABSTRACT 
Totally blind people have a strong interest in color though they are not able to see it. 
Women, in particular, like to know the color of their clothes and enjoy color coordination 
of their wear. In order to meet this need, psychological mechanism of color identification 
of blind people was investigated and a method to convey color information was developed 
by means of the tactile sense. 

In the study of investigating color identification of the blind who has no experience of 
seeing color in his/her life, psychological distances (or distinctness) among a total of 10 
fundamental colors (red, orange, yellow, … etc.) were measured in a 5 point scale from 
“very far” (point 5) to “very close” (point 1). From these perceptual distances and using the 
MDS (multi-dimensional scaling) method, a possible placing of those 10  colors was 
derived. The result obtained when averaged over 16 subjects was that the 10 fundamental 
colors showed a clear hue circle with exactly the same order of colors as those obtained for 
the sighted people.  

On the basis of this experimental result, a tactile tag designed with a hue circle was 
developed in which ten small tactile dots were lined up on a circle each representing 
fundamental color with one bigger dot or hole to show the color for identification. Tactile 
experiments were done also to confirm the appropriate size of the color circle and a tactile 
dot size. And finally, a color tag was developed from a few materials (acrylic button, 
embroidery, and artificial leather) and was attached to a T-shirt for the field test which 
showed successful color identification by blind people.  

1. INTRODUCTION 
Color is one of the important information in our daily life not only for functional means 
such as traffic signals for safety but also for some emotional purpose like ladies’ fashion. 
Unfortunately totally blind people are not able to use and enjoy those color information. 
This study was triggered by a request from a blind lady that she would like to know by 
herself the color of clothes she is wearing.  

In order to develop a method to meet her request, a few questions were raised: (1) what is 
the effective way to let her know the color; voice or Braille or some other means, (2) how 
the blind person, the congenitally blind person in particular, understands the color, (3) what 
is the feasible way to apply the method to clothes.  

The 2nd question is most interesting in color science, and some studies were already done 
(Shepard and Cooper, 1992; Shinn and Ohmi, 2012). Those studies provided us some 
important insight about the color recognition of the blind people. However, it was difficult 
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to draw any definite conclusion and this lead us to the need for carrying out a new 
experiment which give us a directly useful result for developing a method for conveying 
color information to blind people. 

In addition to this scientific interest, we were clearly aware that this type of study should 
extend to the level practically useful. This means the development of a color tag that can be 
attached to clothes. Tactile marking was one possible way to develop and the suitable 
design for this was investigated.  

2. HUE CIRCLE OF BLIND PEOPLE 
In order to investigate the identification and psychological representation of color in totally 
blind people, particualry in those who have never seen the color from the birth 
(congenitally blind), an experiment was carried out in which the psychological distances or 
distinctness of any two colors were scaled in 5 points scale, and by applying the multi-
dimensional scaling (MDS) to those scaled distance data, the scheme of color of blind 
people was investigated. 

2.1 Experiment 
A total of 10 fundamental colors addressed in Munsell hue circle, such as red(R), 
orange(YR), yellow(Y), green-yellow(GY), green(G), blue-green(BG), blue(B), pueple-
blue(PB), purple(P), and red-purple(RP), were selected as test colors and any two-colors 
combination was made by those fundamental colors and presented verbally to the subject 
who was totally blind. The subjet was asked how those two colors were considered 
different or close to each other.  

 

very 
close

very 
far

slightly
far

mode-
rate

slightly
close

red and green ?

Subject（the blind）

Experimenter

How do you think “red”
and “green” are different

 
Figure 1: Experimental procedure to evaluate the psychological difference of two colors 

 

Figure 1 illustrates this procdure.  The experimenter picked up any of two colors among 10 
fundamental colors and asked the blind subject the difference of those two colors. The 
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subject estimated the difference from his/her own understanding of those colors and 
responded the difference in 5 points scale from very close (point 1) to very far (point 5). 
For example, as shown in Figure 1, if he/she regarded red and green are very different 
he/she gave the answer of “point 5, very far”. This procedure was repeated for one subject 
until a total of 45 pairs of colors were presented. 

  A total of 16 subjects, all totally blind, participated in the experiment. Ten subjects are 
congenitally or almost congentially blind, and the remaining 6 subjects lost their sight at 
ages between 5 to 18 years old and have clear experience of seeing color. Male and female 
were just evenly balanced.  

2.2 Results and discussion 
The data were originally obtained in a form of 10 x10 matrix for all the combination of 10 
colors and a half of the matirx was entered by data avoiding the same entry in the matrix. 
These data, individual or averaged over 16 subjects, were analyzed by the MDS method to 
seek for the best possible placement of those 10 colors to satisfy the numerical 
relationships reported by subjects among the colors. The MDS analysis was done for each 
individual data as well as for the averaged one. 

Figure 2 shows the result obtained for the averaged distance data for the 10 test colors. 
Two dimentional space is mathematically sufficient to discribe the relationships of the 
colors and in this space the ten test colors were  reasonbly placed as shown in Figure 2. It is 
clear that the 10 colors form a beautiful circle with the color order exactly same as normal 
color vision. It is noted that the hue circle obtained by MDS only expresses the 
relationships among colors and, therefore, the direction of the color order, such as 
clockwise or unticlockwise, does not matter.  
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Figure 2: Placing of 10 test colors in a two dimensional space obtained from 
psychological distances of the colors and analyzing with the MDS method 
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Although the averaged data shows a clear circle as shown in Figure 2, it is not all the 16 
subjects who exhbits such a clear hue circle. As shown in Figure 3(b) as an example, some 
subject did not show the hue circle, while some other subject exhbited a clear hue circle 
more or less as shown in Figure 3(a) as an example. Three subjects failed to show the hue 
circle, while the remaining 13 subjetcs showed it. It was found that those subjects who did 
not show a clear hue circle were all male and they had not been interested in color at all in 
his/her daily life and they ware mostly the blackish colors selected by their families. This 
means that the blind people take and understand the color information from their daily 
conversation which contains much of color terms, and if they have no interest in getting 
such color informaiton the concept of hue cirlce does not seem to be establsihed. 

Previsous studies on the color representation of the blind (Shepard et al, Shin et al) mostly 
indicated that the hue circle was not established or understandable by the blind. On the 
contrary the present study, being based on relatively larger number of subjects, showed that 
the hue circle or at least the relationship of colors of hue cirlce was understandable by blind 
people except for some cases.  
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Figure 3: Two typical example of color placing obtained by MDS for the blind subjects 

showing (a) a clear hue circle, and (b) no hue circle 

3. DESIGN AND DEVELOPMENT OF COLOR TAG FOR COLOTHES 
Being based on the experimental results described above, a tactile tag for clothes was 
designed so as to inform color information to the blind. As shown in Figure 4, the tactile 
tag consists of a total of 10 small tactile dots which forms a circle and each dot represents a 
fundamental color of a hue circle. With red at the top and placing orange, yellow, green-
yellow, etc in clockwise until it comes to the red-purple, and by enlarging or making a hole 
for one of the ten dots (in case of green, see Figure 4) it is possible to tell a blind person the 
color of clothes which the tag indicates through touching the dot or the hole. At the center 
of the circle three achromatic colors, white, gray, and black, are placed, and if the color is 
pale or desaturated, an inner circle is used.  

Tactile experiment was also done to confirm the appropriate size of the circle and the dot.  

Finally, we made a set of test tags from a few different materials (acrylic button, 
embroidery, and artificial leather) and attached them to T-shirts of different colors. Figure 5 
shows some examples of the tag of each material and T-shirts the tags attached. Ten blind 
people participated in the color identification experiment of T-shirts color with the tactile 
tags. They showed almost perfect performance in identifying colors of the T-shirts (93 % 
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Finally, we made a set of test tags from a few different materials (acrylic button, 
embroidery, and artificial leather) and attached them to T-shirts of different colors. Figure 5 
shows some examples of the tag of each material and T-shirts the tags attached. Ten blind 
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correct). The feeling of touch on the tag was also evaluated by psychological experiement 
and the result was also satisfactory. Among those test tags, the acrylic button was found to 
be the best for identifying color, and the artificial leather for tactile feeling.  
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Figure 4: A color tag designed for representing color for the blind by tactile dots 
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Figure 5: A color tag actually developed and attached to T-shirts. (a) and (d) are 
acrylic button, (b) and (e) are embroidery, and (c) and (f) are artificial leather. 

 

4. CONCLUSION 
Through psychological scaling experiment on color distinctness of blind people and 
analysing those data by multi-dimentioanl scaling (MDS), the relationships among 
fundamental colors were found to be nearly same for blind people as those for people with 
normal color vision. This means that hue circle was quite reasonable to tell the color to the 
blind people. A tactile color tag which has a hue circle made by ten tactile dots 
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representing fundamental colors with three dots at the center representing achromatic 
white, grey, and black colors, was developed for informing blind people the color of their 
clothes. The successful test results of color identification by the tag confirmed that the idea 
of tactile color tag with the hue circle was very useful. 
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