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ABSTRACT
Nowadays, smart-phones and tablet PCs are used very much in our daily life, and the 

opportunity to work by seeing their displays has been increased. Many of such display media is 
a self-luminous display. The regulation function of the display can adjust luminance according to 
the luminance of surrounding environment, and users can see images and characters on the display 
automatic-controlled luminance. However, it is not clear whether the brightness self-adjusted is 
suitable for smart-phone users or not.

The aim of this research is to suggest a method for decreasing the unpleasantness by the strong 
brightness on a display which the user of a smart-phone has under dark adaptation. In this research, 
a questionnaire survey was conducted about the unpleasantness which subjects feel to the dazzle of a 
smart-phone display to 20 smart-phone users. Then, a visual experiment using iPod touch (same form 
to iPhone) manufactured by Apple Inc was conducted that 30 subjects evaluated the impression and 
the unpleasantness caused by the brightness of the smart-phone display with different brightness and 
background colours. The replies obtained in the questionnaire survey and the experimental results 

ere ana e  t a t ori e  et er a ignificant i erence o  e et een eac  e a ation re t  
and investigated correlation with luminance. Through the analysis of the experimental results, the 
followings were found out;
1. The 4 kinds of impressions to the brightness in each conditions, which are ‘dazzle’, ‘fatigue’, 
‘irritation’ and ‘unpleasantness’, have high correlation to luminance.
2. The favourite luminance to use a smart-phone display was found out. In addition, at the time of dark 
adaptation, it was found out that brightness lower than the brightness given by the self-adjustment 
function of a smart-phone display reduces the unpleasantness. Moreover, the unpleasantness can 
be reduced by changing a background colour to black, even if the brightness was given by the self-
adjustment function.
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S R C  
The aim of this research is to suggest a method for decreasing the unpleasantness by the 
strong brightness on a display which the user of a smart-phone has under dark adaptation. In 
this research, a questionnaire survey was conducted about the unpleasantness which sub ects 
feel to the dazzle of a smart-phone display to 21 smart-phone users. Then, a visual 
experiment using iPod touch (same form to iPhone) manufactured by Apple Inc. was 
conducted that 30 sub ects evaluated the impression and the unpleasantness caused by the 
brightness of the smart-phone display with different brightness and background colours. The 
replies obtained in the questionnaire survey and the experimental results were analyzed. It 
authorized whether a significant difference would be between each evaluation result, and 
investigated correlation with luminance level and illuminance. Through the analysis of the 
experimental results, the followings were found out  

The 3 kinds of impressions to the brightness in each conditions, which are dazzle , 
fatigue  and irritation , have high correlation to luminance level and illuminance. 

The favourite luminance level to use a smart-phone display was found out. In addition, at 
the time of dark adaptation, it was found out that brightness lower than the brightness given 
by the self-ad ustment function of a smart-phone display reduces the unpleasantness. 
Moreover, the unpleasantness can be reduced by changing a background colour to black, 
even if the brightness was given by the self-ad ustment function. 

. IN RO UC ION 
Nowadays, smart-phones and tablet PCs are used very much in our daily life, and the 
opportunity to work by seeing their displays has been increased. Many of such display media 
have a self-luminous display. The display media is used under various lighting conditions. 
Therefore, in order to ad ust users  visual sensitivity under the various lighting conditions, 
the regulation function of the display can ad ust luminance according to the luminance of 
surrounding environment, and users can see images and characters on brightness by the 
display automatic self-ad usted luminance. owever, it is not clear whether the brightness 
self-ad usted is suitable for smart-phone users or not.  

The aim of this study is to suggest a method for decreasing users  visual stress such as 
unpleasantness. The unpleasantness which the user of a smart-phone has under dark 
adaptation is given by the strong brightness on a smart-phone display. In order to know about 
the details of the impressions relating to visual stress such as unpleasantness and dazzle when 
smart-phone users use their smart-phones, a questionnaire was conducted to university 
students. A visual experiment for evaluating 6 impressions of dazzle , readability , 
unnaturalness , fatigue , irritation  and unpleasantness , which were chosen using the 

results of the questionnaire, was also conducted. In addition, the sub ects were asked to 
choose the most favourite luminance level samples used in the visual experiment. 
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. E O  
A questionnaire survey was conducted to 21 smart-phone users, and a visual evaluation 
experiment was also conducted. Then, a visual experiment was conducted that 30 sub ects 
evaluated the impression and the unpleasantness caused by the brightness of the smart-phone 
display with different brightness and background colours. The results obtained were 
statistically analyzed using correlation analysis and analysis of variance. 

.   S  
In order to know about problem such as dazzle and displeasure when smart-phone users use 
their smart-phones, a questionnaire was conducted to 21 university students. The questions 
were use situation, problem under use, and next action when users have the problem. As one 
the results obtained in the questionnaire, visual problems under use are shown as below: 

Replies for a question about visual problems under use (n 21) 
13 replies:  I feel dazzling for my smart-phone display lightness when dark such as 

midnight 
6 replies:   I can t read the screen of my smart-phone in the outdoors. 
2 replies:   My eyes get tired when I use my smart-phone for a long time. 

.  S     E  
An iPod touch manufactured by Apple Inc., which has the same form and similar function 
to iPhone, was used in this visual experiment. The details of the iPod touch is as followings  
white colour, IPS retina screen, 1136x640(px), 800:1 contrast ratio, and 500cd/m2 maximum 
luminance. 

The display sample on the iPod touch was an e-mail which were written in apanese. 
Black and white characters were used for the white and black background colours, 
respectively. The background colours are white and black. All of the content was the same 
e-mail. The display samples on white and black background were shown in Figure 1. 
 

     

Figure 1: Samples used in this visual experiment: White and black background. 
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We used 6 luminance level samples (w0, w25, w50, w75, w100) in this research, which 
have different luminance on white/black background. The luminance levels of white 
background samples are w0, w25, w50, w75, w100, and the luminance levels of black 
background sample is b35. The luminance level of b35 is the luminance level given by self-
ad ustment function in the dark experimental room used in this study.  

In addition, w50 and b50 luminance level samples were used at the first of the visual 
evaluation. b50 was used only for practice of sub ects. The relationship between luminance 
levels of iPod touch and illuminance values onto sub ects is shown in Table 1. The 
illuminance values were measured 5 times for each sample by an illuminance meter T-10 
manufactured by Minolta Inc., and the measured values were averaged excluding unexpected 
values. 

Table 1. Lighting levels of iPod touch of illuminance values onto subjects. 

 

.  S   E  I  
The sub ects are university students who are 18 to 24 years old. The number of the sub ects 
was 30 (15 male and 15 female). The evaluation items are dazzle , readability , 
unnaturalness , fatigue , irritation , and unpleasantness  which were selected using the 

results of the questionnaire. The visual experiment was conducted using Semantic 
Differential Method (5 points evaluation, 1 to 5 score). The sub ects were asked to evaluate 
7 samples including 2 practice samples with the 5 levels. After the visual experiment, they 
were also asked to select the most suitable display sample. 

.4 E   
The sub ects separately carried out the visual experiment at different date and time. The 
sub ects entered into a dark experimental room, and they took 5 minutes for getting the dark 
adaptation with a iPod touch in their hands. After getting the dark adaptation in a dark room, 
the visual evaluation was started. The sub ects were asked to evaluate each sample in 30 
seconds, to reduce the influence of light adaptation. The sub ects took a rest for 2 minutes 
after the evaluation of one sample. The samples were w0, w25, w50, w75, w100, b35 and 
b50 which had been prepared in advance. At the first, the sub ects were asked to evaluate 
w50 and b50 as practice. After the practice, the evaluation for each 6 samples (w0, w25, 
w50, w75, w100 and b35) were randomly given and evaluated for dazzle , readability , 
unnaturalness , fatigue , irritation , and unpleasantness  impressions. After the 

evaluation for all samples, the sub ects were asked to choose the most favorite sample used 
in dark condition. 

. RESUL S N  ISCUSSION 
The visual results for 6 kinds of impressions, which are dazzle , readability , 
unnaturalness , fatigue , irritation , and unpleasantness , were totaled and calculated their 

average values respectively. Then, the correlation of each impression to luminance level and 
illuminance were analyzed. The values of luminance levels were directly used the level 
numbers of iPod touch. Table 2 shows the correlation coefficients of the 6 impressions to 
luminance level and illuminance. 

Luminance level w0 w25 w50 w75 w100 b35 b50

Illuminance (lx) 0.19 2.17 5.53 10.64 23.79 0.38 0.68
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Table 2. Correlation of the 6 impressions to luminance level and illuminance. 

 
The 6 impressions have some correlation among themselves. Table 3 shows the 

correlation coefficients between unpleasantness  and other 5 impressions. This may mean 
that unpleasantness  is synthetically evaluated using other impressions.  

Table 3. Correlation between ‘unpleasantness’ and other 5 impressions. 

 
The 6 impressions discussed in this study are relating to visual stress. Total of sub ects  

evaluation values for each sample through SD method was used as total visual stress index. 
Table 4 shows the total visual stress index. The lowest visual stress was w0, and the second 
lowest one was b35. The highest visual stress sample was w100. 

Table 4. Total visual stress index of the 6 impressions. 

 
Table 5 shows favourite luminance level chosen by sub ects. 15 sub ects, a half of the 

sub ects, chose w25. 10 sub ects chose b35, and 4 sub ects chose w0. W75 and w100 were 
not chosen. 
Table 5. Favorite luminance level chosen by subjects: Frequency and percentages (n=30). 

 
Comparing with the results of visual stress analysis, we found favourite samples used in 

dark condition are about the same to the low visual stress samples. owever, the most 
favourite sample w25 was the third lowest visual stress sample, not the lowest visual stress 
sample. This means that the lowest luminance level is not the most favourite level and users 
choose the most favourite level with using some other factors. 

4. CONCLUSIONS 
It authorized whether a significant difference would be between each evaluation result, and 
investigated correlation with luminance. Through the analysis of the experimental results, 
the followings were found out  

1. The 3 kinds of impressions to the brightness in each conditions, which are dazzle , 
fatigue  and irritation , have correlation to luminance level and illuminance. The 

correlations between visual evaluation and illuminance levels are 0.77, 0.67 and 0.67, 
respectively, and those between visual evaluation and luminance level are 0.69, 0.62 
and 0.62, respectively. The unpleasantness  evaluation result has correlation 0.39 and 
0.41 to luminance level and illuminance. 

2. The favourite luminance level to use a smart-phone display was found out. In addition, 
at the time of dark adaptation, it was found out that brightness lower than the brightness 

Luminance level 0.77 0.07 0.18 0.67 0.67 0.39
Illuminance 0.69 0.14 0.23 0.62 0.62 0.41

   Dazzle     Readability nnaturalness Fatigue      Irritation npleasantness

Correlation coefficient 0.54 0.48 0.66 0.68 0.70
   Dazzle    Readability nnaturalness Fatigue      Irritation  

Luminance level w0 w25 w50 w75 w100 b35
isual stress index 410 453 598 620 725 431

Luminance level w0 w25 w50 w75 w100 b35
frequency 4 15 1 0 0 10

13.3 50.0 3.3 0.0 0.0 33.3
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given by the self-ad ustment function of a smart-phone display reduces the 
unpleasantness. Moreover, the unpleasantness can be reduced by changing a 
background colour to black, even if the brightness was given by the self-ad ustment 
function. 

3. The lowest luminance level is not the most favourite level. sers may choose the most 
favourite level using some other factors. Too low luminance level may be not so good 
for users  favour. The details and the factors should be investigated more. 

The summary of this study suggests us the following ways to reduce the problems such 
as unpleasantness under dark lighting condition  One is to use w25 that having low 
luminance white background however not so dark. Another is to change from white 
background colour to black background and use white characters. 
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ABSTRACT
i  a er ro o e  a ectra a e  co or i ion eficienc  mo e  it  com ati i it  ot  or 

dichromats and anomalous trichromats. Most of the color blind simulators follow the Brettel-Vienot-
Mollon’s model, and have been widely accepted, but any of them didn’t clarify what spectra are 
captured as visible or lost as invisible. In the previous papers, the author proposed a spectral-based 

ic romatic i ion mo e  a e  on t e atri R  t eor  e ten e  to t e  ic romatic er ion  
The novel model extracts the visible and invisible spectra to dichromats based on the projection theory 
of spectral space to/from 2-D dichromatic cone space and extracts the lost spectra as a difference in 
the fundamentals between the normals and the dichromats. The lost spectra are re-used for image 
daltonization by an optimal spectral shift algorithm. Though the lost spectra are invisible if left alone, 
they are shifted into the visible spectral region and added to the fundamental C* of source image. 
As a result, the dichromatic image visibility is dramatically improved. The optimal spectral shift is 
determined to maximizing the spectral visibility for the dichromats and minimizing the visual gap from 
the normals. The proposed algorithm is designed to solve a contradictory demand to cope with both 
dichromats and normals.

While, actually, the anomalous trichromacy outnumbers the dichromacy. According to the 
statistics in Japan, it’s reported that 15 % protanomaly and 46 % deuteranomaly outnumber 9 % 
protanopes and 30 % deutanopes in average (Ichikawa 1982).

i  time  t e a t or e ten e  an  nifie  t e a ic a gorit m to e com ati e it  t e anoma o  
trichromacy as well as the dichromacy. The proposed model works based on the key ideas of 
[1]  First, the fundamental C* (called fundamental metamer, visible spectra to the normal vision) is the-

oretically extracted from the conventional sRGB camera images by a pseudo-inverse projection.
[2]  Projection matrices Rdic for dichromacy are composed of choosing a pair of [m  s  or rota-

nopes and [(l  s  or e tano e  rom S cone ectra  en iti itie l  m  s
As well, Ranom for anomalous trichromacy are created a set of [la  m  s  or rotanoma  an  
[l  ma  s  or e teranoma  ere  t e anoma o  cone re on e  a  an  ma  are create  
by mathematically describing the table data given by DeMarco & Pokorny & Smith (JOSA,1992).
[3]  The fundamentals C*dic or C*anom visible to the dichromats or anomalous trichromats are ob-

tained by operating the extended matrix Rdic or Ranom on the fundamental C* in the step [1] based 
on matrix-R theory. 

[4]  The opponent-color process is necessary to keep the grayness, where the perfect opponent color 
space with golden-vectors is newly introduced.    

[5]  The lost spectra ǻCdic or ǻCanom are calculated as the difference between C* and C*dic, or C* 
and C*anom for dichromats or anomalous trichromats, respectively.

[6]  Finally, the lost spectra ǻCdic or ǻCanom are re-used for daltonizing the image visibilities to 
dichromats or anomalous trichromats by applying the optimal spectral shift algorithm proposed in 
the previous paper.

[7]  The simulated results are compared with the related other methods.

 

 

A Spectral-based Color Vision Deficiency Model 
Compatible with Dichromat and Anomalous Trichromat 

Hiroaki KOTERA, KOTERA Imaging Laboratory 

ABSTRACT 

This paper proposes a spectral-based color vision deficiency model with compatibility both 
for dichromats and anomalous trichromats. The spectral projection model based on Matrix-
R extracts the lost spectrum as a difference in the fundamentals between the normal and 
the color deficient. The lost spectrum is re-used for image daltonization by an optimal 
spectral shift algorithm to maximize the spectral visibility or minimize the visual gap from 
the normal. The model dramatically improved the scene visibility. The proposed model is 
designed based on the original key ideas of  
1) Extraction of fundamental C*LMS (spectrum visible to the normal) from sRGB camera  

images by a pseudo-inverse projection without spectral image. 
2) Foundation of projection matrix-RDEF onto dichromatic and anomalous trichromatic 

spectral spaces by combining the cone spectral tables of DeMarco & Pokorny & Smith.  
3) Extraction of fundamental C*DEF (spectrum visible to the dichromat or anomalous 

trichromat) by operating the matrix-RDEF on the fundamental C*LMS. 
4) Introduction of complete OCS (Opponent-Color Space) to keep the perfect achromatic 

grayness in the opponent-color stage. 
5) Estimation of lost spectra ΔC*DEF as the difference between visible spectra C*LMS to 

the normal and C*DEF to the dichromat or anomalous trichromat. 
6) Scene visibility correction (daltonization) by reviving the lost spectrum ΔC*DEF with 

the optimal spectral shift into the visible waveband.  

1. INTRODUCTION 

Typical Color Vision Deficiency (CVD) is classified to dichromacy and anomalous 
trichromacy. Dichromacy is caused by the absence of one of the L, M, or S photopigments. 
While, anomalous trichromacy is explained by a spectral shift in the cones caused by 
arrangement of exon DNA in X-chromosome. The first CVD simulator is modeled to find 
the corresponding color pairs between the normals and the dichromats (Brettel et al, 1997).  
The troublesome corresponding pair procedure is simplified by a systematic color 
transform model (Capilla et al, 2004) and advanced to 2-step model including opponent-
color stage (Pardo and Sharma, 2011). The color-blind simulators based on Brettel are 
widely accepted, but any of them didn’t step into the spectral analysis. The author 
proposed a spectral-based dichromatic vision model (Kotera, 2011, 2012) based on Matrix-
R theory. The model clarified for the first time what spectra are visible or invisible to the 
dichromats and which parts are lost from the fundamentals in normal vision. The lost 
spectra analysis first interpreted the reason behind the red-green opponent-color blindness. 
The anomalous trichromatic vision is modeled by a simple spectral shift (Yang, 2008) or 
(Machado et al, 2009) but without dealing spectral losses. This paper proposes a versatile 
model compatible with both of dichromacy and anomalous trichromacy. The paper 
demonstrates the spectral daltonization algorithm for correcting the color blindness, which 
is designed to maximize the visibility for the confusing colors and minimize the visual 
spectral gap from the normals based on the mathematical evaluation criterion. 
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2. SPECTRAL PROJECTION ONTO COLOR DEFICIENT SPACE 

2.1 Visible, Invisible and Lost Spectra based on Extended Matrix-R Theory 

Based on Matrix-R theory (Cohen, 2001), a spectral input C is decomposed into the 
fundamental *

LMSC and the metameric black B through the projection matrix RLMS as  
C = CLMS

* + B,  CLMS
* = RLMSC,   B = (I − RLMS )C

RLMS = ALMS (ALMS
t     ALMS )-1ALMS

t ,    for  ALMS = l λ( )  m λ( )  s λ( )!" #$ : cone sensitivity
. 

The fundamental *
LMSC denotes the visible spectra to normal vision, while B is by-passed and 

lost as an invisible spectrum with zero tristimulus value. While, the spectra visible to the 
color deficient are much more lost through the matrix RDEF corresponding to each type of 
color deficient (Figure 1: sample for Protanopia). 

 
Figure 1: What color spectra are visible and lost to the color deficient? 

2.2 Foundation of Projection Matrices onto Color Deficient Spectral Space 

In this paper, typical four types of color deficiencies are simulated with LMS cone spectral 
sensitivities for normal and anormalous trichromat (DeMarco & Pokorny & Smith, 1992). 
The projection matrix RDEF for each color deficient is created from a set of dichromatic and 
anomalous trichromatic cone responses (Figure 2). 

RDEF=ADEF (ADEF
t    ADEF )

-1ADEF
t      : = RP  or  RD  or   RaP  or  RaD

     ADEF  : = AP  or  AD  or   AaP  or  AaD  
       AP= m λ( )  s λ( )!" #$ for  protanopia,  AD = l λ( )  s λ( )!" #$ for  deuteranopia
    AaP= la λ( )  m λ( )  s λ( )!" #$ for  protanomaly,  AaD = l λ( )  ma  s λ( )!" #$ for  deuteranomaly  

 
Figure 2: Matrix-RDEF projection operators onto spectral CVD space. 
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3. SIMULATION MODEL & RESULTS 

3.1 Versatile Simulation Model for Dichromatic and Anomalous Trichromatic Vision 

The proposed model simulates the color deficient appearance including the spectral-based 
daltonization and gray balance process in OCS. The model works compatible with both 
dichromat and anomalous trichromat by just selecting the projection matrix RDEF. First, the 
fundamental C*

LMS, visible spectrum to normal is captured with a sRGB camera and 
secondly projected to the fundamental C*

DEF visible to the deficient. Thirdly, the lost 
spectrum ΔC* is calculated by taking the difference in C*

LMS and C*
DEF. Next, the lost 

spectra ΔC* is re-used to daltonize the confusing color visibility by the optimal spectral 
shift algorithm. Finally, the corrected fundamental spectra are displayed on sRGB monitor 
throiugh the inverse transforms of (spectral to LMS), (LMS to OCS) and (OCS to sRGB). In 
the opponent-color process, the achromatic grayness is kept in the complete orthonormal 
YCrCb OCS (Kotera, 2014) (Figure 3). 

 
Figure 3: Spectral CVD model compatible with dichromacy and anomalous trichromacy. 

3.2 Getting Fundamental for Scene from sRGB Camera Image 

Since the fundamental CLMS
*

 (spectrum visible to normal) carries the tristimulus value TLMS 
as same as the input spectrum C, it’s exactly recovered by the pseudo-inverse transform 
(Kotera, 1996) from TLMS. Hence, the actual scene spectrum visible to normal vision is 
obtained from sRGB image without using expensive spectral camera as follows. 

CLMS
* = PINVTLMS  , where PINV = ALMS (ALMS

t     ALMS )-1

        = PINV MXYZ−>LMS( ) MsRGB−>XYZ( )sRGBIMG  ; MP−>Q = P to Q transform matrix   

 
3.3 Lost and Visible Spectra to Color Deficient 

The fundamental CDEF
* (spectrum visible to the color deficient) is obtained by operating the 

matrix RDEF on the trichromatic fundamental CLMS
*  and the lost spectra ΔCDEF

* from the 
normal vision is given by taking the difference in CLMS

*  and CDEF
*  as 

CDEF
* = RDEFC = RDEFCLMS

* ,   ΔCDEF
* = CLMS

* −CDEF
* = RLMS − RDEF( )CLMS*  

3.4 Reviving Lost Spectra for Daltonizing Color Deficient Visibility 

Though the lost spectrum ΔCDEF
* is invisible if left as it is, we can revive it for daltonizing 

the confusing color visibility by shifting its distribution into the visible wavelength region.  
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ΔCDEF
* is shifted by SHT in a manner of rotate-left and added to the fundamental CLMS

* .  

The daltonized fundamental DALCLMS
* is given by 

                             DALCLMS

* λ( ) = CLMS* λ( )+ΔCDEF
* λ −λSHT( )  

The optimal shift wavelength OPT is determined to maximize the function Ψ OPT λSHT( ) .   

    The total evaluation function Ψ OPT λSHT( )  is defined by combining the spectral fitness 

Ψ FIT λSHT( )  and the spectral difference Ψ DIF λSHT( )  to and from the normal vision as  

λOPT = λSHT  for  Ψ OPT λOPT( ) = max
λSHT=0

λmax−λmin

Ψ OPT λSHT( ){ }  

Ψ OPT λSHT( ) = wΨ FIT λSHT( )+ (1−w) 1−Ψ DIF λSHT( ){ }
. 

Ψ FIT λSHT( )  and Ψ DIF λSHT( ) are estimated by summing up the power spectra (squared 
norm) for all the pixels gj (j=1~J) in sRGB image as follows (Kotera, 2012). 

Ψ FIT λSHT( ) = ΔCDEF
* λ −λSHT( ),gj{ }

j=1

J

∑  2

Ψ DIF λSHT( ) = ΔCDIF
* λ −λSHT( ),gj{ }

j=1

J

∑  2  for  ΔC*
DIF λ( ) = RLMS − RDEF( ) DALC*

LMS λ( )
 

The weighting factor w is adjusted to maximize the visibility for the confusing colors 
(w=1) or minimize the visual spectral gap (w=0) from the normals after the daltonized 
image is viewed by the color deficient. Very fortunately, in many cases for dichromats, the 
function Ψ FIT λSHT( )  takes its maximum value at SHT= OPT and simultaneously, the 

function Ψ DIF λSHT( )  goes down to a quasi-minimum point around at the same wavelength. 
The proposed algorithm dramatically improved the image visibility and naturalness after 
daltonization with default weight w=0.5 much better than that by popular simulator 
Vischeck (Brettel model). (Figure 4: sample “wild strawberries” for Deuteranopia). 

 
Figure 4: Daltonization for correcting CVD visibility by reusing lost spectra 
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3.5 Keeping Achromatic Greyness in Opponent-Color Process 

Following the cone response stage-1, the LMS stimulus is encoded to a luminance-
chrominance YCRCB signals in the next opponent-color stage-2. Since the opponent-color 
system is thought to work for the color deficient as well as the normal, the YCRCB signals 
should keep the achromatic grayness. Because a simple anomalous trichromatic simulation 
model (S. Yang, 19xx) only with stage-1 caused coloring problem for the neutral gray 
input, the correction process to guarantee the achromatic grayness is introduced to the 
pathway in stage-2 (Machado et al, 2009).  
    In this paper, an achromatic greyness process different from Machado’s is introduced. 
 Assuming EE (Equal-Energy) white spectrum input WEE( ) to the normal vision, the 
visible spectrum EECLMS

* , its LMS cone response TLMS, and the corresponding opponent-
color signals YCRCB should satisfy the achromatic grayness of (Y=1, CR =CB =0) as  

          

Y  CR  CB[ ]EE
t  = MLMS→YCC ⋅ EETLMS = 1 0 0[ ]t : achromatic grayness

EETLMS = L  M  S[ ]EE
t
= ALMS ⋅ EECLMS

* λ( ): LMS  tristimulus value for  EE  white

EECLMS
* λ( ) = RLMSCEE

* λ( ) = RLMSWEE λ( )  for  WEE λ( ) = 1 1 1 �� 1[ ]t
 

The linear transform matrix MLMS→YCC to meet this condition is obtained by coupling 
MLMS−>XYZ (CIECAMO2) with MXYZ→YCC (Complete OCS, Kotera, 2014) as 

          MLMS→YCC= MXYZ→YCC( )Kotera MLMS→XYZ( )CIECAMO2 =
0.4889    0.1336   0.3775
1.0038  -0.7900  -0.2138
0.0344  -0.4718   0.4374

"

#

$
$

%

&

'
'

 

Indeed, YCRCB values to EE white for normal is verified to keep the perfect grayness as 
          Y  CR  CB[ ]EE

t  =MLMS/YCC ⋅ ALMSWEE λ( ) = 1.00  -8.3×10−17   -1.1×10−16$
%

&
'
t
≅ 1  0  0[ ]t  

Since the spectrum EECDEF
*  visible to color deficient for EE white is lost byΔCDEF

* against 
normal vision, its LMS or YCRCB responses deviate from [1 1 1]t or [1 0 0]t as given by 

          
DEF Y  CR  CB[ ]EE

t  =MLMS→YCC ⋅ EETDEF

EETDEF = L  M  S[ ]EE
t
= ADEF ⋅ EECDEF

* λ( ) EE  for  CDEF
* λ( ) = RDEFRLMSWEE λ( )

 

Actually, the deviations from YCRCB =[1 0 0] are estimated for each type of deficient as 

          [Y CR CB]EE=[0.912 -0.180 -0.006] (protanopia) 
          [Y CR CB]EE=[1.005 -0.032 -0.019] (deuteranopia) 
          [Y CR CB]EE=[1.005  0.012  0.001] (protanomaly) 
          [Y CR CB]EE=[1.002 -0.013 -0.008] (deuteranomaly) 

Hence, the inverse correction matrices to guarantee the achromatic grayness are inserted in 
the route between (LMS to YCRCB) and (YCRCB to sRGB) transforms in Figure 3. 

3.6 Simulation Results in Comparison with Other Models 

The simulation results for the dichromat and anomalous trichromat are compared with 
typical color blindness simulators with some daltonization effects (Figure 5). Though the 
simulated CVD appearances look to be much the same across the models, the proposed 
daltonization function worked better clearly than others for rescuing the dichromatic 
blindness, but not so distinct for the anomalous trichromats, due to the smaller lost spectra. 
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Figure 5: Comparisons in CVD simulation and daltonization effects 

4. CONCLUSIONS 

A Spectral-based CVD model developed from dichromacy into anomalous trichromacy. 
The proposed algorithm, quite different from 2D-3D corresponding pair process based on 
Brettel’s, can estimate the visible, invisible, and lost spectra from a usual sRGB image. 
The model demonstrated how the lost spectrum is revived and used for daltonizing the 
scene visibility much better than other methods. Though its effects are remarkable for the 
dichromats, but still insufficient for anomalous trichromats and needs more future works. 
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ABSTRACT
This study is concerned with identifying which types of colour information are useful in 

packaging design and branding. Throughout the design process, a considerable range and volume of 
information is generated, used, referred to, and consulted with (Baya et al., 1992). Useful information 
in design can assist to save duplication of effort and time and to simulate creative energies (Wodehouse 
and Ion, 2010). Colour information is defined as interpretations, abstractions and knowledge about 
colour data in various fields, which include natural sciences, technology, art, psychology, cultural 
t ie  i tor  an  e ign  o o r con e  ro ct  me age  an  in ence  con mer  attention 

and their purchase decision-making (Klimchuk and Krasovec, 2006). Yet despite the importance of 
colour in design, it has tended to be regarded as secondary (Leeuwen, 2011). Furthermore, due to the 
multi-disciplinary nature of colour, it is not clear whether colour information is effectively utilised in 
the design process. Colour information is a relatively new area that has not yet been addressed in detail 
by design research practically or theoretically. In this sense, it is noticeable that there is currently a 
lack of study on colour as information in design. Therefore, in order to support design process through 
the provision of useful information, identifying what information should be captured for design would 
be both needed and helpful. 

In order to explore which colour information is useful in packaging design and branding, 
multiple methods such as analysing literature, online survey and face-to-face interviews were carried 
out. An analysis of the literature (299 journal papers and 10 textbooks) identified thirteen types of 
colour information. The importance of these thirteen types was explored through an online survey 
(N=62) with participants (identified through LinkedIn with a strong interest in packaging and 
branding) and face-to-face interviews (N=9) with senior designers and brand managers. The results 
rom t e on ine r e  an  t e inter ie  ere roa  con i tent r  an  i entifie  harmony, 

perception, printing, notation, and meaning as being particularly important. This study will provide 
valuable insights for designers and brand managers informing which colour information are useful for 
their design process.
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ABSTRACT 

This study is concerned with identifying which types of colour information are useful in 
design. An analysis of the literature (299 journal papers and 10 textbooks) identified 
thirteen types of colour information. The importance of these thirteen types was explored 
through an online survey (N=62) with participants (identified through LinkedIn with a 
strong interest in packaging and branding) and face-to-face interviews (N=10) with senior 
designers and brand managers. The results from the online survey and the interviews were 
broadly consistent (r2=0.66) and identified harmony, perception, meaning, psychology, and 
printing as being particularly important. 

1. INTRODUCTION 

Gradually the world would become more colourful (Leeuwen, 2011). In a demonstration of 
this statement, we can find the proliferation of colour in product categories that were 
previously largely black or white – e.g., kettles, toasters. In the retail industry, colour in 
packaging is a key differentiator as most warehouse supermarkets more or less offer the 
same shopping experience through their formats of stocking and display. Colour conveys 
products  messages, and influences consumers  attention and their purchase decision-
making. Yet despite the importance of colour in design, it has tended to be regarded as 
secondary. Throughout the design process, a considerable range and volume of information 
is generated, used, referred to, and consulted with (Baya et al., 1992). Useful information 
in design can assist to save duplication of effort and time and to simulate creative energies 
(Wodehouse and Ion, 2010). According to the Cambridge Dictionary of Sociology (Turner, 
2006), information is defined as uncertainty reduction, patterned abstraction, and 
knowledge. In the Oxford Dictionary of Environment and Conservation (Park and Allaby, 
2013), information is interpreted data which is useful for making decisions or arriving at 
new facts. In the Oxford Dictionary of Psychology (Colman, 2009), information is 
knowledge acquired by learning. Synthesising these conceptions of information, this study 
defines colour information as interpretations, abstractions and knowledge about colour 
data in various fields, which include natural sciences, technology, art, psychology, cultural 
studies, history, and design. Colour is a meta-discipline that crosses various academic 
boundaries such as science, design, art, history and education. Due to the multi-
disciplinary nature of colour, it is not clear whether colour information is effectively 
utilised in the design process. Furthermore, although developing technology makes it easy 
to access to variety formats of colour information via publications, websites, or mobile 
Apps, there are many unreliable sources especially on the internet. Colour information is a 
relatively new area that has not yet been addressed in detail by design research practically 
or theoretically. In this sense, it is noticeable that there is currently a lack of study on 
colour as information in design. This study will provide valuable insights for designers and 
brand managers informing which colour information are useful for their design process. 
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2. METHOD 

Multiple methods such as analysing literature, online survey and face-to-face interviews 
with designers and brand managers were carried out to explore which colour information 

Colour Research and Application (CRA) which is a primary journal for colour field for 
2011-2013 and ten academic books on colour which could be generally found in library 
were investigated using title analysis. The title of a document gives a compact summary 
(Senda and Sinohara, 2002), and the title analysis provides insight into topics of relative 
current interest (Ruben, 1992). The title terms presented in the 299 journals and the ten 
books were counted using online word frequency. In the CRA journal, titles predominantly 

ten colour references, titles and contents frequently concern; design, harmony, theory, 
printing, art, history, perception, psychology, trend, naming, symbolism, culture and 
preference. Analysing these terms, thirteen types of colour terms were identified (Table 1). 
The thirteen types of colour terms are not intended to be definitive or exhaustive. For 
example, there is no obvious rationale to restrict this survey to hard-copy books or journals 
and exclude internet sources. Nevertheless, these terms for colour information provide a 
holistic overview of current topics and relative interest in the colour academic field. Using 
these thirteen types of colour information, an online questionnaire and face-to-face 
interviews were conducted to identify useful colour information in the design process. For 
the online survey, LinkedIn was used as the main online platform to recruit relevant 
designers and brand managers to participate in the survey. Sixty-two responses were 
collected for the online questionnaire. For the interviews, ten senior designers and brand 
managers were interviewed. 

In the online survey participants were asked to rate (using a slider bar) on a scale of 0-100 
how important each of the thirteen types of colour information were to them in their design 
work (where 0 = no importance at all and 100 = vital). In the interviews participants were 
asked whether they considered each type of information to be important (so their responses 
were binary).  

3. RESULTS AND DISCUSSION 

Table 1. The thirteen types of colour information used in this study 

Colour in art and design: famous artists’ or designers’ colours.    

Colour harmony: colour combinations which arouse a pleasing effect.  

Colour history: how a particular colour was developed.     

Colour and light: principles of light such as wavelengths and frequencies. 

Colour meaning: what is meant by a colour in different cultures or product categories 

Colour measurement: measuring properties of colour or using colour measurement devices. 

Colour notation: colour numbers or names to describe or communicate colour. 

Colour perception: which colours attract consumers’ attention. 

Colour preference: individual’s favourite colour.       
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Colour printing: the quality of colour printing.       

Colour psychology: behaviour and mental experience on colour. 

Colour theory: supposition or a system of ideas intended to explain colour. 

Colour trend: colours which are on-trend or popular.     

 

Figure 1 represents the results of the online survey. The figure shows the mean score for 
importance for each information type. The error bars show ± 1 standard error of the mean. 
Without performing formal statistical analysis (which will be presented in a future paper) 
it is clear that the standard deviations of the mean are small compared to the differences in 
mean scores in many cases. Printing gave the strongest response. History gave the weakest 
response. Printing, harmony, meaning, psychology and perception are all important. 
Notation, theory, preference and trend are of lesser importance. The others seem not 
important at all.  

 

 
Figure 1: The result of online survey. 

 

 
Figure 2: The result of face to face interview (dark grey) and the result of online survey 
(light grey). 
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Statistical analysis of the interview responses is more difficult partly because the sample 
size was low (N=10) and partly because the responses were binary rather than interval 
data. Nevertheless, if the per cent of participants who state that a colour information type 
is important is calculated (Figure 2) then it can be seen that harmony, perception, meaning, 
notation and psychology gave the strongest response.  

If the per cent importance (from the interviews) is compared with the mean importance 
scores (from the surveys) then there is strong agreement (see Figure 2) between the two 
studies (r2 = 0.66). Taken together, if the average of the per cent importance and the mean 
importance scores is calculated then the following types are deemed to be important 
harmony, perception, meaning, psychology, and printing because the mean is greater than 
70%. 

4. CONCLUSIONS 

This work sought to identify the types of useful colour information in the design process. A 
review of the literature identified thirteen terms for further study. Results from an online 
survey (N=62) and interviews (N=10) showed strong agreement with harmony, perception, 
meaning, psychology, and printing identified as areas of importance in the design process. 
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ABSTRACT
Fluorescent whitening agents and bluish dyes were added to white clothing and printing 

paper to evaluate these objects increased perceived whiteness. This was done to take advantage of 
the color components that contribute to the perception of brightness. Until now, research on the 
effects of color on perceived whiteness has been conducted for persons with normal color vision. 

o e er  com ari on  it  co or eficient o er er  a e not to e ma e  i  t  in e tigate  t e 
relationship between the color vision characteristics of observers and their perceived whiteness, with 
regard to near-white stimuli with a variety of hues. 

We used a liquid crystal color display, in which the white point was adjusted to match the 
chromaticity of the standard illuminant D65. Twelve types of near-white stimuli were then presented 
to the observers. We prepared the hues of the stimuli to be exactly 10PB, 3PB, 5B, 7BG, 9G, 3G, 3GY, 
5Y, 4YR, 4R, 7P and N in Munsell notation; the lightness as 9.5 in Munsell notation; and the average 
Munsell chroma as 0.25, with the exception of the achromatic stimulus N. Using a paired comparison 
method, we told each observer to choose the stimulus that he or she determined to be whiter. The 
stimulus pairs were presented in random order, and the observers were told to evaluate them twice. The 
observers consisted of 15 persons with normal color vision (N-type), seven persons with Dichromatic 
Protanopia (P-type), four persons with Anomalous Trichromatic Protanomaly (Pa-type), seven 
persons with dichromatic Deuteranopia (D-type), and three persons with Anomalous Trichromatic 
Deuteranomaly (Da-type). 

The differences in the results between the P-type and the Pa-type, and the differences in the 
results between the D-type and the Da-type were small. Therefore, we analyzed them as the P_Pa-type 
and the D_Da-type, respectively. The results showed that regardless of the color vision characteristics, 
perceived whiteness was evaluated as being low for stimuli with hues ranging from green to yellow-
green. The results of the P_Pa-type and the D_Da-type observers were similar, and significant 
differences were observed only for 3G and 4YR stimuli. However, significant differences were 
o er e  in t e e a ation re t  et een t e t e an  t e co or eficient o er er  regar ing eig t 
stimuli. Overall, the P_Pa-type and the D_Da-type observers had a tendency to evaluate perceived 
whiteness as being lower for the stimuli ranging from reddish hue to yellowish hue, including the 
long-wavelength component, compared to the N-type observers. This was thought to be caused from 
the P_Pa-type and the D_Da-type observers having lower sensitivity in long-wavelength for brightness 
perception compared to the N-type observers. In addition, the P_Pa-type and the D_Da-type observers 
evaluated that the perceived whiteness was almost the same level as the greenish and reddish stimuli 
along the color confusion locus. The interobserver variability of the color deficient observers was 
smaller than that of the N-type observers. This might be due to the N-type observers having the 
individual internal criteria when evaluating reddish-white or greenish-white as being whiter.

 

 

Relationship between Perceived Whiteness and Color 
Vision Characteristics  

Ichiro KATAYAMA,1  Koichi IGA,2  Shoko ISAWA,3  Tsuneo SUZUKI4 

1 Faculty of Biology-Oriented Science and Technology, Kinki University  
2 Color Universal Design Organization 

3 Faculty of Contemporary Human Life Science, Tokyo Kasei Gakuin University 
4 Faculty of Law, Keio University 

ABSTRACT 
We used a liquid crystal color display to present various near-white stimuli, equivalent to a 
Munsell Value of 9.5 and a Munsell Chroma of 0.25, and had observers with normal color 
vision (N-type) and observers with color vision deficiencies (P-type, Pa-type, D-type, Da-
type) evaluate respective relative whiteness. Compared to N-type observers, observers with 
color vision deficiencies, regardless of their color vision type, showed a tendency to 
evaluate perceived whiteness as being lower for the stimuli ranging from reddish hue to 
yellowish hue, including the long-wavelength component. Differences in evaluation results 
among observers with color vision deficiencies were smaller than those of N-type 
observers. 

1. INTRODUCTION 
Fluorescent whitening agents and bluish dyes are added to white clothing and printer paper 
to evaluate the increased perceived whiteness of these objects. This is done to take 
advantage of the color components that contribute to the perception of brightness 
(Katayama and Fairchild 2010). Until now, research on the effects of color on perceived 
whiteness has been conducted on observers with normal color vision (Ganz 1979). 
However, comparisons with color deficient observers (Gegenfurtner and Sharpe 1999), 
who account for a certain portion of the population, have not to be made. This study 
investigates the relationship between the color vision characteristics of observers and 
perceived whiteness, with regard to near-white stimuli of a variety of hues. 

2. EXPERIMENTAL APPARATUS AND METHOD 
We used a liquid crystal color display (Eizo CG223W), on which a white point was 
adjusted to match the chromaticity of the standard illuminant D65. Twelve types of near-
white stimuli were then presented to the observers. We adjusted the hues of the stimuli to 
be exactly 10PB, 3PB, 5B, 7BG, 9G, 3G, 3GY, 5Y, 4YR, 4R, 7P and N in Munsell 
notation; the lightness was adjusted to 9.5 in Munsell notation; and the Munsell Chroma 
was set to 0.25 with the exception of the achromatic stimulus N, using a color luminance 
meter (Minolta CS-100). Figure 1 shows the chromaticity distribution of the stimuli. The 
rectangle mark in the figure indicates the chromaticity point of D65 and the two oblique 
lines indicate the boundaries of the tint index, T w = 2 and T w = -4, for the CIE whiteness 
formula. The viewing angles of the square-shaped stimulus were approximately 4 degrees 
and the stimulus pair was displayed on an N7 equivalent achromatic background for the 
side-by-side comparison. 
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color vision deficiencies, regardless of their color vision type, showed a tendency to 
evaluate perceived whiteness as being lower for the stimuli ranging from reddish hue to 
yellowish hue, including the long-wavelength component. Differences in evaluation results 
among observers with color vision deficiencies were smaller than those of N-type 
observers. 

1. INTRODUCTION 
Fluorescent whitening agents and bluish dyes are added to white clothing and printer paper 
to evaluate the increased perceived whiteness of these objects. This is done to take 
advantage of the color components that contribute to the perception of brightness 
(Katayama and Fairchild 2010). Until now, research on the effects of color on perceived 
whiteness has been conducted on observers with normal color vision (Ganz 1979). 
However, comparisons with color deficient observers (Gegenfurtner and Sharpe 1999), 
who account for a certain portion of the population, have not to be made. This study 
investigates the relationship between the color vision characteristics of observers and 
perceived whiteness, with regard to near-white stimuli of a variety of hues. 

2. EXPERIMENTAL APPARATUS AND METHOD 
We used a liquid crystal color display (Eizo CG223W), on which a white point was 
adjusted to match the chromaticity of the standard illuminant D65. Twelve types of near-
white stimuli were then presented to the observers. We adjusted the hues of the stimuli to 
be exactly 10PB, 3PB, 5B, 7BG, 9G, 3G, 3GY, 5Y, 4YR, 4R, 7P and N in Munsell 
notation; the lightness was adjusted to 9.5 in Munsell notation; and the Munsell Chroma 
was set to 0.25 with the exception of the achromatic stimulus N, using a color luminance 
meter (Minolta CS-100). Figure 1 shows the chromaticity distribution of the stimuli. The 
rectangle mark in the figure indicates the chromaticity point of D65 and the two oblique 
lines indicate the boundaries of the tint index, T w = 2 and T w = -4, for the CIE whiteness 
formula. The viewing angles of the square-shaped stimulus were approximately 4 degrees 
and the stimulus pair was displayed on an N7 equivalent achromatic background for the 
side-by-side comparison. 

 

 

After the observers adapted to the N7 background displayed on the liquid crystal color 
display for one minute, they were asked to select the stimulus which they thought to be 
whiter from the pair of near-white stimuli. The stimulus pairs were presented in random 
order, and the observers evaluated each of them twice.  

3. OBSERVERS 
The observers consisted of 15 persons with normal color vision (N-type), seven persons 
with Dichromatic Protanopia (P-type), four persons with Anomalous Trichromatic 
Protanomaly (Pa-type), seven persons with dichromatic Deuteranopia (D-type), and three 
persons with Anomalous Trichromatic Deuteranomaly (Da-type). The color vision 
characteristics of the observers were confirmed using the Ishihara Color Test and the Panel 
D-15 Test. The average age of the observers were as follows: N-type; 27.0, P-type; 55.1, 
Pa-type; 56.0, D-type; 50.4 and Da-type; 66.3. All of the N-type observers were female and 
all of the observers with color vision deficiencies were male. 

4. RESULTS AND DISCUSSION 
By testing the consistency of the results of the paired comparisons made by each observer, 
it was confirmed that the results were statistically significant. The differences in the results 
between the P-type and the Pa-type observers, and the differences in the results between the 
D-type and the Da-type observers were small. Therefore, we analyzed them as P_Pa-type 

Figure 1: Chromatisity distribution of the stimuli. 
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and D_Da-type, respectively. We obtained the median of the perceived whiteness for each 
stimulus from the evaluation results of each observer group (N-type, P_Pa-type, D_Da-
type). The results are shown in Figure 2. The abscissa represents the Munsell Hue and 
dominant wavelength of each stimulus, and the ordinate represents the relative rank value 

Figure 2: Median of the perceived whiteness for each stimulus from the 
evaluation results of each observer group (N-type, P_Pa-type, D_Da-type). 
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and D_Da-type, respectively. We obtained the median of the perceived whiteness for each 
stimulus from the evaluation results of each observer group (N-type, P_Pa-type, D_Da-
type). The results are shown in Figure 2. The abscissa represents the Munsell Hue and 
dominant wavelength of each stimulus, and the ordinate represents the relative rank value 

Figure 2: Median of the perceived whiteness for each stimulus from the 
evaluation results of each observer group (N-type, P_Pa-type, D_Da-type). 
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for perceived whiteness. In this figure, a higher ordinate value denotes a higher perceived 
whiteness. The error bars represent the median plus or minus the 25th percentile. Multiple 
comparison results among the three observer groups are also denoted. 

The overall evaluation results show that there was a tendency for perceived whiteness to 
be evaluated as low for stimuli ranging from green hue to yellow-green hue regardless of 
color vision characteristics. However, some differences were observed among the three 
observer groups. The average age of the observers with color-vision deficiencies was 
higher than that of the N-type observers. Thus, we investigated the effect on whiteness 
evaluation with age. Among the D-type observers, the evaluation results of the youngest 
observer (SW: 27 years of age) and those of the oldest observer (YY: 67 years of age) are 
shown in Figure 3, respectively. The abscissa in the figure represents the Munsell Hue of 
the stimulus, and the ordinate represents the rank value for the perceived whiteness. As 
Figure 3 shows, large differences in evaluation results between the observers were not 
observed. Similarly, in the other observers with color vision deficiencies, no differences in 
evaluation tendencies were observed. Thus, our study focused only on color vision 
characteristics. 

The evaluation results for P_Pa-type and D_Da-type observers were similar, and 
significant differences were observed only for 3G and 4YR stimuli. However, significant 
differences were observed in the results between N-type and color deficient observers 
regarding eight stimuli. Overall, the P_Pa-type and the D_Da-type observers had a 
tendency to evaluate perceived whiteness as being lower for the stimuli, ranging from 
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Figure 4: Relationship between the chromaticity of the stimuli and the color 
confusion loci. 
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reddish hue to yellowish hue, including the long-wavelength component, compared to the 
N-type observers. This is thought to be caused by the P_Pa-type and the D_Da-type 
observers having lower sensitivity in long-wavelength for brightness perception compared 
to the N-type observers. 

Next, Figure 4 shows the relationship between the chromaticity of the stimuli and the 
color confusion loci. The solid lines in the figure represent the P-type color confusion loci 
and the broken lines represent the D-type color confusion loci. In conjunction with the 
results shown in Figure 2, the P_Pa-type and the D_Da-type observers evaluated perceived 
whiteness at almost the same level as the greenish and reddish stimuli along the color 
confusion loci. Also, the length of the error bars shown in Figure 2 indicates that inter-
observer variability in color deficient observers was smaller than that for N-type observers. 
This might be due to N-type observers having individual internal criteria when evaluating 
reddish-white or greenish-white as being whiter. 

5. CONCLUSIONS 
The results of examining the relationship between the perceived whiteness and color vision 
characteristics showed the following conclusions: 

(1) Regardless of color vision characteristics, perceived whiteness was evaluated as being 
low for near-white stimuli with hues ranging from green to yellow-green. 

(2) The difference in results between P-type and Pa-type observers, and the difference in 
results between D-type and Da-type observers was small. 

(3) The results for P_Pa-type and D_Da-type observers were similar, and significant 
differences were observed only for 3G and 4YR stimuli. 

(4) Compared to N-type observers, P_Pa-type and D_Da-type observers had a tendency to 
evaluate perceived whiteness as being lower for reddish stimuli and to evaluate 
perceived whiteness as being higher for greenish stimuli. 

(5) The inter-observer variability for color deficient observers in the evaluation was 
smaller than that for N-type observers. 
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ABSTRACT
The Color Rendering Index was developed by CIE in order to measure how accurate a light 

source is at reproducing the color appearance of the lighted scene. This index has been used for many 
years by research and industry. Unfortunately this index tends to fail the scoring of the new LED-based 
lighting systems, as demonstrated by many experiments. 

an  attem t  to e e o  a more re ia e in e  a e een one  t a efiniti e met o  a  
not been found yet. In developing alternative color rendering indices, the goal is to have an index 
able to help in choosing a light source, maximizing the perceived quality of its color appearance 
reproduction. An index with a very high or a very low score is easy to interpret, but the goal is to have 
a color-rendering index able to scale changes in color shift proportional to our vision between the two 
extremes. 

One aspect not enough investigated in literature, is the influence of the characteristics of the 
observed scene in the color appearance preservation under varying illuminants. The presented work 
aims at investigating appearance variation of real non-flat objects under varying illuminants. Here 
we present an experiment to assess the color appearance preservation of 3D objects illuminated by 
different light sources, according to human sensation. During the experiment participants has to 
compare a set of color samples observed under a reference light source and under a test light source. 
Participants’ answers are recorded through a questionnaire. The use of 3D scene has the peculiarity to 
intro ce a o  an  inter re ection  create   com e  geometrie  re ro cing e er a  cene  
Finally the results are compared with a set of alternative color rendering indices recently developed.
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ABSTRACT 

The Color Rendering Index was developed by CIE in order to measure how accurate a 
light source is at reproducing the color appearance of the lighted scene. This index has 
been used for many years by research and industry but unfortunately it tends to fail the 
scoring of the new LED-based lighting systems, as demonstrated by many experiments.  

Many attempts to develop a more reliable index have been done, but a definitive method 
has not been found yet. In developing alternative color rendering indices, the aim is to 
achieve an index able to help in choosing a light source, maximizing the perceived quality 
of its color appearance reproduction. An index with a very high or a very low score is easy 
to interpret, but the goal is to attain a color-rendering index able to scale changes in color 
shift proportional to our vision between the two extremes.  

One aspect not enough investigated in literature, is the influence of the characteristics of 
the observed scene in the color appearance preservation under varying illuminants. The 
presented work aims at investigating appearance variation of real non-flat objects under 
varying light sources, according to human color sensation. During the experiment 
participants had to compare a set of 3D color samples observed under a reference light 
source and under a test light source. Participants’ answers were recorded through a 
questionnaire. Finally, results are compared with a set of alternative color rendering 
indices. 

1. INTRODUCTION 

The Color-Rendering Index (CRI) is the actual standard to specify the visual rendering 
properties of a light source (CIE, 1995). With the advent of new types of lighting devices, 
the CRI has shown its limits, that is the ability of having measurements in accordance with 
the human visual system perception (Joist-boissard, Fontoynont and Blanc-gonnet, 2009; 
Brueckner, Bodrogi and Khanh, 2009; Sandor and Shanda, 2005). The standard method for 
calculating the Color-Rendering Index does not succeed in predicting the visual response 
under narrow band light sources, such as three-band fluorescent lamps or white LEDs 
(Narendran and Deng, 2002; Bodrogi et al., 2004). These types of light sources show a 
rather low Color-Rendering Index, but a pleasant visual appeal and a good preservation of 
color. Many attempts to standardize a new method for the calculation of the color 
rendering have been made, but no one seems to be definitive. 

In general, color rendering indices are computed in relation to a reference light source, 
therefore a maximum score is expected when considering light sources very close to the 
reference one. Difficulties arise in having a color rendering index able to scale changes in 
color shift proportional to human vision. Aim of the test here presented is to assess how 
our visual system judges the color rendering of various light sources, in order to have a 
baseline to compare with available color rendering indices. 
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2. METHOD 
The main goal of this research is to collect data about the color appearance variation 
according to the used light source, in order to analyze the relation between a set of color 
rendering indices and the evaluation given by users. 

2.1 The Task 
The experiment, involving 48 students of a high-school (21 females and 27 males), aged 
between 14 and 18 years, aimed to compare 3D color samples (orange, green, white, blue, 
yellow, and red bricks, part of the toy showed in Figure 1) observed under a reference light 
source and under a test light source (Table 2). Building a 3D scene introduces shadows and 
inter-reflections, created by complex geometries, in order to reproduce what happens in 
everyday scenes. 

Observers were requested to evaluate the differences between each pair of brick color. 
A two-stage approach was proposed: at first, a qualitative assessment to make a rough 
categorization, evaluating if bricks are identical, similar, or different; in the second stage, 
participants had to assign a number between 0 and 100, according to the category 
previously chosen.  

 

 
Figure 1: 3D building used in the experiment. 

2.2 Experiment Setup 
Four wood boxes have been constructed with size: 1 m × 1 m × 0.8 m. The inside of each 
box was covered with white paper. The upper part of the box was screened with a panel, to 
avoid direct light reaching the observers’ eyes. Four identical plastic brick constructions 
have been placed inside the four boxes. Two light sources are housed in each box, and only 
one at a time was turned on. The experiments have been conducted in a dark room without 
time limits. Observers accomplished the experiment after a light adaptation period. The 
whole test has been carefully explained in advance and continuously supervised by one of 
the authors, to solve any possible doubt of the observers.  

2.3 Light Source 
Six light sources have been tested: three fluorescent, one halogen, and two LED lamps. 
Another halogen light source was used as reference, having the color-rendering index 
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2. METHOD 
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A two-stage approach was proposed: at first, a qualitative assessment to make a rough 
categorization, evaluating if bricks are identical, similar, or different; in the second stage, 
participants had to assign a number between 0 and 100, according to the category 
previously chosen.  
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the authors, to solve any possible doubt of the observers.  

2.3 Light Source 
Six light sources have been tested: three fluorescent, one halogen, and two LED lamps. 
Another halogen light source was used as reference, having the color-rendering index 

 

 

equal to 100. In Table 1, some of the features of the light sources used in the experiment 
are described. 

Table 1. Light sources used in the experiments. 

Light source L.S. #1 L.S. #2 L.S. #3 L.S. #4 L.S. #5 L.S. #6 Ref. L.S. 

Power (W) 20 11 11 8 3 30 42 

Flux (lm) 1250 650 600 345 270 806 630 

Lux (lx) 913 546 457 338 171 470 390 

CCT 2969 7566 4393 3441 3178 3239 3050 

Type Fluo. Fluo. Fluo. LED LED Halo. IRC Halo. 

 
Note that the second light source (L.S. #2) has a CCT of 7566 K, very different from the 

others. The choice of utilizing this lamp lied in the will to test it as an extreme condition. 
Time has been given to the observers to adapt to the average luminance level, similar in all 
the boxes. 

2.4 Results 
In Table 2, a set of calculated color-rendering indices is shown: Standard CIE CRI, CRI 

R96a (CIE, 1999), CQS (Davis and Ohno, 2006), CRI2012 (Smet et al., 2013), CRI-00 
(Geisler-Moroder and Dur, 2009), CRI-CAM02 UCS (Li et al., 2012), GAI (Freyssinier-
Nova and Rea, 2010), RCRI (Bodrogi and Brueckner, 2009), as well as the indices 
estimated by the users. Although the GAI and CQS are not fidelity indices, it was decided 
to test them too, for comparison purposes. Data are plotted for each light source in Figure 
2, where the column filled in black represents the participants’ answers. 

In the following some comments about the effect of the different light sources are given.  

L.S. #1 (Fluorescent): the observers give a score of 86. The standard CRI, the 
CAM02UCS and CQS give a score around 80 to the light, in line with the result of the 
observers. 

L.S. #2 (fluorescent): R96a (with a score of 79) is the method that better estimates 
observers’ evaluations (78). 

L.S. #3 (Fluorescent): even if in all the cases the algorithms underestimate the 
observers’ result (82), each method produces a good approximation of the result, with 
scores in a range between 74 (RCRI) and 80 (CRI00, CAM02UCS, CQS). 

L.S. #4 (LED): all the methods give a good approximation to the observers’ evaluation 
(80), with the exception of GAI which underestimates the result.  

L.S. #5 (LED): the various methods give very different scores. CQS (71) and CRI2012 
(69) get closer to the result of the observers (70). 
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Table 2. Color rendering indices calculated for each light source for the methods 
described and users evaluation. 

Light source L.S. #1 L.S. #2 L.S. #3 L.S. #4 L.S. #5 L.S. #6 

Std. CRI 80 83 78 83 63 98 

CRI 00 76 86 80 84 63 98 

GAI 45 98 79 61 40 57 

R96a 58 79 78 84 62 75 

CAM02UCS 79 85 80 84 67 97 

CQS 80 85 80 82 71 96 

RCRI 71 89 74 89 62 100 

Ra2012 68 69 76 85 69 99 

User 3D 86 78 82 80 70 91 
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Figure 2: Comparison between the calculated and perceived color rendering indices for 

each light source. The bars represent: the standard CIE CRI Ra, CRI 00, GAI, R96a, 
CAM02UCS, CQS, RCRI, CRI2012, and the index evaluated by the users (black bar). 
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Figure 2: Comparison between the calculated and perceived color rendering indices for 

each light source. The bars represent: the standard CIE CRI Ra, CRI 00, GAI, R96a, 
CAM02UCS, CQS, RCRI, CRI2012, and the index evaluated by the users (black bar). 

 

 

 

L.S. #6 (Halogen). All the methods except GAI (57) and R96a (75) overestimate the 
observation result (91). This is due to the fact that the halogen light source has a spectrum 
that can be approximated with a black body radiation. Therefore, the reference light source 
calculated by the various methods is almost identical to the light source to test, resulting in 
a high CRI. 

The Pearson correlation coefficients have been calculated: the method that better 
represents the sensation of the observers, for this experiment setup, is the Standard CRI 
(0.875), followed by CAM02UCS (0.821), CQS (0.819), CRI 00 (0.779), CRI2012 
(0.630), RCRI (0.629), R96a (0.115), and GAI (0.02). 

For more details about the experiments and the results, refer to the work of Fumagalli, 
Bonanomi and Rizzi (2015). 

4. CONCLUSIONS 

A test involving users have been designed, in order to attain a data to better understand the 
mechanism of color rendering assessment. During the experiment participants had to 
compare a set of  3D color samples observed under a reference light source and under a 
test light source. Users’ result were then compared to a set of CRIs available in literature. 

Assessing color rendering among various light sources is a complex task. This process 
involves many aspects that can lead to different results: the colors under test, the user’s 
experience, the context in which colors are analyzed, and many other factors. Calculating 
the correlation indices between user observations and a set of CRIs shows that the standard 
CRI is the method that best performs in this case.  
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Adapting and Adapted Colors under Colored Illumination
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ABSTRACT
Simultaneous color contrast and chromatic induction are well known color appearance 

enomena  e co or a earance o  a te t atc  rro n e   a co ore  fie  c ange  e en ing on 
the color of the surrounding. For example an achromatic patch appears achromatic when it is presented 
alone but it becomes slightly greenish when it is surrounded by a red surrounding. The change of color 
appearance of the test patch is much enhanced if the experiment is done by two rooms technique or 
surrounding-stimulus independent illumination technique in which a subject room and a test room are 
used with a window, large or small, between the two rooms. An achromatic test patch placed in the test 
room i minate  ite an  fi ing t e in o  a ear  er  i i  greeni  e en t e ect room 
is illuminated by red light. 

The color of illumination is called the adapting color and the color of test patch is called the 
adapted color. By knowing the relationship between the adapting color and the adapted color the state 
of the visual system when it is adapted to color illumination. In this experiment four seven colors 
covering hue were employed for the subject room at 50 lx and white light was used for the test room at 
9 lx. The window size was 40 cm wide and 30 cm high. Subject judged the color of the achromatic test 
patch by the elementary color naming method. It was found that the adapted color was not necessary 
the opponent color to the illumination color in the subject room. Data to give the adapting and adapted 
color were collected from papers of other researchers and plotted together with the present results in a 
graph of the adapting color versus the adapted color. The relation was exhibited by a sine curve and the 
opponent color relation between the adapting color and the adapted color was found only for one pair 
of the colors, approximately G70Y and R70B when expressed by NCS notation system.
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ABSTRACT
The state of chromatic adaptation was investigated by measuring the adapted color for 

the adapting color by the environment-stimulus independent illumination technique. Seven 

colors were employed for a subject room and the subject judged the color appearance of an 

achromatic test patch placed in a test room through a window between the two rooms. The 

angle from the adapting color to the adapted color was obtained. The angles were read out 

from other works available in journals and they were all plotted on one graph. The angle 

did not follow the opponent relation. That is, the unique red adapting color did not cause 

the adapted color to be the unique green. There were only two adapting colors that gave 

the opponent colors in the adapted color. The effect of saturation of the adapting color on 

the adapted color was investigated and no significant effect was found.  

1. INTRODUCTION 
The state of chromatic adaptation could be known by the apparent color of an 

achromatic patch placed at the center of a uniform colored background, the phenomenon 

being known as the simultaneous color contrast. If the background is red the apparent color 

or adapted color is green, for example. The adapted green is very pale, however, to be used 

to investigate the chromatic adaptation in detail. Vivid adapted color can be obtained by 

the two rooms technique or the environment-stimulus independent illumination technique 

developed by Ikeda and his colleagues
1)

. Even if the psychophysical color expressed by x 

and y chromaticity coordinates are made equal for a wide area of the retina in both 

techniques, the uniform colored background and the two rooms, the color appearance of 

the test patch obtained is almost achromatic by the former, while it is very vivid by the 

latter
2)

. In the present experiment the two rooms technique was employed and the color 

appearance of an achromatic test patch was measured by the elementary color naming 

method for seven different colors of illumination for a subject room. To show the 

relationship between the color appearance of illumination of the subject room and the color 

appearance of a test patch the angle from the former to the latter was calculated on the 

polar diagram used in the opponent colors system. An additional experiment was carried 

out, where the saturation of the illumination of the subject room was changed and the color 

appearance of the test patch was measured. 

2. APPARATUS 
Figure 1 shows the apparatus composing of two rooms, a subject room and a test room 

separated by a wall on which a large window W of the size 40 cm wide and 30 cm high 

was opened so that the subject could see an achromatic test patch T made of a white board 

without any scratches and placed against the back of  the test room. It was illuminated by 

two fluorescent lamps Lt of the daylight type.  
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Fig. 1 Apparatus composing of a subject room (right) and a test room (left). 

The distance from the subject to the window W was 180 cm  and the visual angle of W 

became 13° × 10°. The subject room was decorated with various objects to simulate a 

normal room. The five ceiling fluorescent lamps in the subject room Ls were covered by a 

colored film to give a colored illumination to the subject room. One of the lamps was 

adjustable in its intensity. To change the saturation of the color another fluorescent lamp 

Lw was attached to the ceiling.   

Seven different colored films were employed for the subject room and their 

chromaticity coordinates u’v’ are shown by open circles in Fig. 2 denoted as CRC3. The 

illuminance measured on the front shelf in the subject room was kept at 50 lx for all the 

colors. The subject’s task was to judge the color appearance of the window W by the 

elementary color naming method. The measurement was repeated for five times at 

different sessions. The horizontal illuminance near to T on the shelf of the test room was 

kept at 9 lx. In the additional experiment on saturation five colors of illumination of 

different saturation were employed for red and green illumination as shown in Fig. 3, by 

open circles for red and open squares for green. The illuminance was not particularly 

controlled and it varied for different saturation. 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Colors employed for the 
subject room illumination. △, Rits3); 
◊, CRC14); □, CRC22); ○, CRC3, 
present work. 

Fig. 3 Colors employed for the 
subject room illumination in the 
saturation experiment. ○, red; □, 
green. 
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An achromatic patch N of N6 in Fig. 1 was used for the measurement of the color 
appearance of the subject room. At the measurement the window W was made small, 2 x 2 
cm2, through which a subject looked at N and judged color with the elementary color 
naming method. The horizontal plane illuminance in front of the white board was kept at 
130 lx. The measurement was repeated for five times. 

Five subjects participated in the main experiment and two of them in the additional 
experiment, all normal in color vision as tested by the 100 hue test. 

3. RESULTS AND DISCUSSION 
For any color of illumination the entire field of the window appeared uniformly 

colored. Subjects perceived as if a colored paper was pasted on the window, which implied 
that the subjects perceived the window as an object placed in the subject room. Results of 
subjects CP and KC from the main experiment are shown in Fig. 4 by a polar diagram for 
the case of reddish blue illumination. R, Y, G, and B indicate the unique hues of red, 
yellow, green, and blue and the hue appearance obtained by the elementary color naming is 
shown by the angle from the unique red. The amount of chromaticness is shown by the 
radiant distance from the center becoming 100 % at the outmost circle. Open circles show 
the color appearance of the subject room judged from the test room through a small 
window, which we called the adapting color. Open squares show the color appearance of 
the test patch of white board judged from the subject room on the large window, which we 
called the adapted color. Small symbols indicate five repetitive judgments and large 
symbols connected by lines through the origin indicate their average. We see that the 
variance within a subject is not large but the variance among subjects is large. 
 

 

 

 

 

 

 

 

Fig. 4 Adapting and adapted colors for a reddish blue illumination color. ○, adapting 
color; □, adapted color. Subjects CP (left) and KC (right). 

We are interested in the relationship between the adapting color and the adapted color 
and we obtained the angle from the former to the latter, Δθ measured in anticlockwise as 
shown in the diagram of the subject CP and KC. It was 176° in CP and 225° in KC. We 
took the average of Δθ for all five subjects for all the seven colors of illuminations and 
plotted them for the adapting angle. The results are shown by open circles in Fig. 5. The 
abscissa gives the adapting angle in degree and the ordinate the angle difference Δθ. A 
horizontal dotted line indicates Δθ = 180°. 

In the past there are other similar data available, though for different purposes in some 
cases2-4). We read out Δθ from their papers which are listed in Table 1 together with 
number of subjects, the window size, number of colors investigated, and the color 
appearance mode. The present work is specified as CRC3. The illumination colors 
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triangles for Rits3), open diamond for CRC14), 
open squares for CRC22), and open circles for 
the present work, CRC3, in Fig. 2. 

       All the angles Δθ read out from these 
works are plotted together for the adapting 
color by different symbols in Fig. 5. For the 
data of CRC1, CRC2, and CRC3 the standard 
deviations of subjects are shown by short 
vertical bars. It is clear from these data that Δθ 

is not necessarily 180° for the adapting color. In fact the exact opponency between the 
adapting color and the adapted color takes place at only two adapting colors, yellowish 
green and reddish blue. The data can be approximated by a sine curve as shown by a thick 
line.  
 

 

 

 

 

 

 

 

 

Fig. 5 The angle from the adapting color to the adapted color plotted for the adapting 
color. Data from four researches are plotted together. 

The data in Fig. 5 were obtained by various authors and the experimental condition was 
inevitably different among them as to the illuminance and the saturation. To see the effect  

 

Fig. 6 Adapting and adapted colors for a red (open symbols) and green (filled) 
illumination.  Circles, adapting color; Squares, adapted color. Subjects CP and MI. 

 

Table 1 Works used to obtain Δθ 
plotted in Fig. 5. 
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of the saturation of the illumination in the subject room the additional experiment was 

done where the saturation was changed in the red and green colors that were employed for 

the main experiment as shown in Fig. 3. The results of the color appearance of the test 

patch are shown for the two subjects CP and MI in Fig. 6. Circles show the color 

appearance of the illumination and squares that of the test patch. There is observed change 

in the color appearance of the test patch for different saturation of the illumination but 

small.  

   The effect of the luminance of the test patch was investigated by Ikeda et al.
3)

. 

Again there was observed the effect but small. 

   To conclude the adapting and adapted colors are roughly opposite in the opponent 

colors diagram but not exact. When the angle from the former to the latter is plotted the 

curve obeys sinusoidal shape.
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ABSTRACT
When a subject looks at a white board in the test room illuminated white and low through a 

wide window opened on a separating wall between the test room and the subject room illuminated 
high by a colored light the window appears a very vivid colored paper of which color is opposite to the 
illumination color of the subject room if there is no objects in the test room beside the white board. If 
an object is introduced in front of the white board the subject recognizes the test room and the white 
board with a slightly desaturated color to imply that he now can perceive the existence of the test room 
and the color constancy starts to take place. The object introduced in the test room is to help the subject 
to recognize the test room and get the color constancy and it is called the initial visual information IVI. 

In this experiment the complication of the IVI was increased gradually from just one piece of a 
o er eta  to fina  e era  o er  an  ea e  an  t e co or o  t e ite oar  a  mea re   t e 

elementary color naming method. The test room was kept at 0.5, 1, 3 and 9 lx and the subject room at 
50 lx. Five subjects participated in the experiment. Four colors of illumination in the subject room, red, 
yellow, green, and blue were employed. The color of the white board started with a vivid color with 
simple IVI and gradually desaturated to appear almost white as the increase of the complication of 
IVI. All the four colors of the subject room illumination gave a similar change of the color of the white 
board for the increase of IVI. It was found that the human visual system is very sensitive to IVI for the 
construction of space recognition. Even a piece of petal already helped the subject for the construction.

Color constancy depends on initial visual information
Chanprapha PHUANGSUWAN,1 Mitsuo IKEDA,1  Kanwara CHUVIJITRA,2

1 Color Research Center, Rajamangala University of Technology Thanyaburi, Thailand 
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ABSTRACT
The concept of the recognized visual space of illumination RVSI asserts that the 

color appearance of objects is determiend by the adapted brain to the color of illumination 
of the space where the objects are placed and then the color constancy holds. Without any 
object in a space there should be no recognition of the space and no color constancy. The 
object necessary for the recognition of a space is called the initial visual information IVI. 
In this paper number of flowers was increased to increase the IVI complexity and the color 
appearance of a white board placed in the space was measured to see the effect of IVI for 
the color constancy. Only a small piece of a flower already gave a space recognition and 
the color constancy to some extent. With increase of complexity of IVI the white board 
became more white and many flowers surrounded by side walls gave almost perfect color 
constancy. As an additional experiment still smaller IVIs were investigated and it was 
found that even a pair of white petals already helped the brain to construct a space 
perception.

1. INTRODUCTION 
The color constancy is a well known property of the visual system and many 

scientists studied on this phenomenon from two different approaches. One is to emphasize 
the cone adaptation at the retina and the other is to emphasize the brain adaptation. The 
former is expressed as the bottom up thinking and the latter the top down thinking. Ikeda’s 
RVSI concept is one of the top down thinking and the present paper was carried out along 
the theory1). The RVSI theory says that when a person enters a room he/she recognizes the 
space, understands the illumination filling the space, and adapts to the illumination2). He 
sees objects in the space with the adapted brain and sees a white object as almost white 
whatever the illumination color may be, the phenomenon being called the color constancy. 
It was clearly shown by Pungrassamee et al.3) and Ikeda et al.4) that the color appearance of 
an achromatic patch returned achromatic when a subject could recognize the existence of 
the space where the patch was placed to confirm the RVSI concept. A question how much 
information or initial visual information IVI of the space is needed to recognize the 
existence of the space is an interesting question and Phuangsuwan et al.5) showed only a 
small information could construct the space recognition for the color constancy to take 
place. Their finding showed that the first smallest IVI that they employed was already 
enough to produce the color constancy. In the present paper several IVI, which were 
considered very small IVI, were employed to know IVI necessary to construct a space 
recognition and thus to produce the color constancy. 

2. APPARATUS AND EXPERIMENT 
The two rooms technique or the environment-stimulus independent illumination 

technique was employed to carry out the experiment. It was composed of two rooms as 
shown in Fig. 1, a subject room where a subject stayed and a test room where a test patch 
was placed. There was opened a large window W of the size 40 cm wide and 30 cm high 
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whatever the illumination color may be, the phenomenon being called the color constancy. 
It was clearly shown by Pungrassamee et al.3) and Ikeda et al.4) that the color appearance of 
an achromatic patch returned achromatic when a subject could recognize the existence of 
the space where the patch was placed to confirm the RVSI concept. A question how much 
information or initial visual information IVI of the space is needed to recognize the 
existence of the space is an interesting question and Phuangsuwan et al.5) showed only a 
small information could construct the space recognition for the color constancy to take 
place. Their finding showed that the first smallest IVI that they employed was already 
enough to produce the color constancy. In the present paper several IVI, which were 
considered very small IVI, were employed to know IVI necessary to construct a space 
recognition and thus to produce the color constancy. 

2. APPARATUS AND EXPERIMENT 
The two rooms technique or the environment-stimulus independent illumination 

technique was employed to carry out the experiment. It was composed of two rooms as 
shown in Fig. 1, a subject room where a subject stayed and a test room where a test patch 
was placed. There was opened a large window W of the size 40 cm wide and 30 cm high 

on the separating wall through which a subject observed a test patch for judging the color 
of the patch by the elementary color naming method. The entire apparatus was of the size, 
300 cm deep, 120 cm wide, and 200 cm high. The subject room was decorated by objects 
to simulate a normal room. At the viewing distance of 180 cm the window W was the size 
13° x 10° arc of visual angle. At the back wall of the test room a white board WB of about 
L* = 94 was vertically placed, which served as a test patch. It is large enough to fill out the 
window W when a subject observed it. 

The inside of the subject room was pasted by a white wall paper of about L* = 86. 
The room was illuminated by five 
fluorescent lamps of the daylight 
type Ls. The intensity of one of 
them was adjustable by a light 
controller. The lamps were covered 
by a color film to give a colored 
illumination for the subject room. 
Four color films, red, yellow, green, 
and blue were prepared and the 
illuminance was adjusted to 50 lx 
when measured on the front shelf. 
Figure 2 shows their chromaticity 

points by open circles. Diamond and square symbols 
indicate the white board WB and D65. The test room 
was illuminated by the same fluorescent lamps Lt as 
the subject room at one of four horizontal plane 
illuminances, 0.5, 1, 3 and 9 lx when measured just in 
front of WB and on a shelf at the height 85 cm from the 
floor.

We first prepared seven initial visual information 
IVI, I1 through I7, as shown in Fig. 3. They were made 
of artificial flowers, white carnation, green leaves, red 
rose, and green fern. They were inserted into a white 
vase with blue line decoration.

Fig. 3 Initial visual information. 

Fig. 2 Colors of illumination. 

Fig. 1 A scheme of apparatus.
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The IVI I7 was the same flower as I6 but with walls at both sides to help subjects to 
perceive a more complete space6, 7). The wall was a cardboard of pale yellow with some 
texture of very low contrast. The lightness was L* = 82. Beside these seven IVI we showed 
subjects no object at all, which was denoted as I0. IVI I1 could not be put in a vase and was 
hung by a thin string from the ceiling. Each IVI was placed near WB as shown in Fig. 1 
and the flower(s) sometime touched WB. Subject could not see the bottom portion of the 
vase as indicated in Fig. 3.

The subject’s task was to judge the color of the white board WB nearby the flowers 
but avoiding their shadow by using the elementary color naming method. Five repetitions 
were conducted for the measurement for each condition; IVI, illuminance level, and 
illumination color. Five subjects, MI, MK, CP, KC, and PL with normal color vision 
participated in the experiment. 

3. RESULTS AND DISCUSSION 
Without any object but the white board only in the test room, namely with the 

condition of I0, subjects saw only uniform color over the window W and pasted on W.  In 
other words the subjects recognized the color belonging to the subject room. With I1 the 
subjects could notice the white board in the test room implying the perception of the space.  

  In Fig. 4 the amount of chromaticness perceived on WB is shown on the ordinate 
for IVI number on the 
abscissa. The data points from 
I7 are plotted at 9. Those were 
obtained for 1 lx illuminance 
of the test room and for the red 
adapting color. Squares were 
from the subject MI and circles 
from KC. Short vertical bars 
show the standard deviation of 
five repetitions. In these cases 
the SD of MI is larger for 
almost every IVI than KC but 
in some other conditions (not 
shown) MI showed smaller SD 
than KC. Difference between 
the two subjects is not small 
but in both subjects showed a 
similar tendency of decrease of 
chromaticness for larger IVI. With I0 subjects saw adapted color on the window W as if 
there was pasted a paper of that color. With I1 or with one piece of carnation flower they 
suddenly recognized the existence of the space of the test room and could perceive the 
surface of white board, which eventually decreased the amount of chromaticness as seen in 
Fig. 4. The chromaticness of the white board continuously decreased and the whiteness 
increased for larger IVI. With I7 the white board appeared almost white to imply the color 
constancy.

  Figure 5 shows the averaged amounts of chromaticness of five subjects for four 
illumination colors for different IVI, circles for red, triangles for yellow, diamonds for 

Fig. 4. Chromaticness 
plotted for IVI for red 
illumination. Squares, 
subject MI, and circles, KC.  

Fig. 5. Chromaticness 
plotted for IVI for red 
(circles), yellow (triangles), 
green (diamonds), and 
 blue (squares).
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abscissa. The data points from 
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from KC. Short vertical bars 
show the standard deviation of 
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the SD of MI is larger for 
almost every IVI than KC but 
in some other conditions (not 
shown) MI showed smaller SD 
than KC. Difference between 
the two subjects is not small 
but in both subjects showed a 
similar tendency of decrease of 
chromaticness for larger IVI. With I0 subjects saw adapted color on the window W as if 
there was pasted a paper of that color. With I1 or with one piece of carnation flower they 
suddenly recognized the existence of the space of the test room and could perceive the 
surface of white board, which eventually decreased the amount of chromaticness as seen in 
Fig. 4. The chromaticness of the white board continuously decreased and the whiteness 
increased for larger IVI. With I7 the white board appeared almost white to imply the color 
constancy.

  Figure 5 shows the averaged amounts of chromaticness of five subjects for four 
illumination colors for different IVI, circles for red, triangles for yellow, diamonds for 

Fig. 4. Chromaticness 
plotted for IVI for red 
illumination. Squares, 
subject MI, and circles, KC.  

Fig. 5. Chromaticness 
plotted for IVI for red 
(circles), yellow (triangles), 
green (diamonds), and 
 blue (squares).

green, and squares for blue in the case of  
3 lx test room illumination. Four curves 
showed very similar tendency. The drop of 
chromaticness at I1 from I0 was quite large. 
Amount of chromaticness of about 50% 
dropped down to about 30% with only one 
flower of carnation.

The average of four curves of Fig. 5 
was taken and they are shown by circles in 
Fig. 6. In the figure the numbers of I1
through I6 were all increased by 6 so that 
the number of I1 became I7 (revised), for 
example. The number of original I7 was 
also revised to become 14.3. The revision 
of the IVI number was conducted to 
approximate all the data points on a 
regression line as shown by a solid line, 
which can be written as Chr = - 2.9 ¯ IVI 
+ 47.9. In this way of plotting we can see that there remains a wide gap between I0 and I1
or I7 (revised). It is amazing that even one piece of carnation flower already worked as 
initial visual information to construct an RVSI for the test room to some extent. With I7 or 
I14.3 (revised) the chromaticness went down to about 10% to show almost complete color 
constancy. The side walls were very effective for the recognition of a space and eventually 
for the color constancy. 

An additional experiment was conducted to fill data points between I0 and I1 in Fig. 6 
by further reducing the amount of IVI. The new IVIs are a pair of white petals, a green 
leave, and a white bud of carnation flower with a short green stalk as denoted IA, IB, and IC,
respectively, and shown in Fig. 7. Those were directly pasted on white boards WB. In the 
experiment the previous I1, I3, and I5 were mixed proving 6 IVIs altogether. Four colors of 
illumination were employed at 50 lx same as the main experiment and only 3 lx of 
illumination in the test room was investigated. Five subjects, MI, TT, CP, KC, and KT 
participated in the experiment, three of whom, MI, CP, and KC participating in the 
previous experiment also.  

IVI was randomly presented for one illumination color and the judgment was 
repeated 5 times for each IVI, and also for each illumination color.  

Amount of chromaticness is shown in  Fig. 8 for all the five subjects in the case of 
yellow illumination. The abscissa gives the IVI and the ordinate the chromaticness in 

Fig. 6. Chromaticness plotted for the 
revised number of IVI. 

Fig. 7. Initial visual information in additional experiment.
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Fig. 8. Chromaticness plotted 
for IVI from 5 subjects.

percentage. With I0 the chromaticness was very high and it gradually decreased for 
increasing IVI. There is a large individual variance but the property of a gradual decrease 
was held in common. The average of five subjects was taken for four colors of  
illumination, respectively, and is shown in Fig. 9 by different symbols. The property of 
gradual decrease of chromaticness for increase of IVI is seen commonly among the colors  

though the vertical positions of curves differ slightly. However, the vertical position should 
vary depending on the saturation of the illumination color and the relatively close vertical 
position of four curves is a coincidence by chance.

To fill the gap between I0 and I1 in Fig. 6 the results of three subjects who 
participated both in the main experiment and the additional experiment were averaged for 
all the colors in both cases. The results are shown in Fig.10 by open circles for the main 
experiment and filled circles for the additional experiment. They come very close with 
each other constructing one straight line of Chr = - 4.2 ¯ IVI + 61.3 when the IVI number 
was slightly revised, IA to 2, IB to 4, and IC to 5.5.  The dashed line was obtained by this 
formulae. 

Fig. 10. Chromaticness for revised IVI. The average of three subjects.
{, the main experiment; z, the additional experiment;             , regression line.

Fig. 9. Chromaticness plotted for 
IVI for illumination colors.
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 To conclude only a pair of white petals already worked as meaningful initial visual 
information to construct a space perception and the color constancy. 
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ABSTRACT
Color is an attribute of visual sensation perceived in the context of various factors such as 

background, shape, size, surface property, and illumination geometry. In this study, the effect of 
neighboring color on color perception in textiles was investigated using three primary colors, cyan, 
magenta, and yellow, placed with twenty different neighboring colors. Totally 243 woven samples 
were constructed in 1/4 sateen weaves among which three are reference samples, i.e. 100% primary 
colors, and 240 are test samples, i.e. primary/neighboring color combinations in the proportions of 1:4, 
2:3, 3:2, and 4:1. Off-white yarns (L* = 92.97; a* = -0.46; b* = 1.58) were used for warp, and cyan 
(L* = 50.48; a* = -19.76; b* = -38.14), magenta (L* = 51.20; a* = 62.45; b* = 0.86), and yellow (L* = 
84.87; a* = -0.60; b* = 88.37) yarns were used for weft in varying proportions so that woven colors are 
arie  in   an   a e  e c ange  in co or a earance o  c an  magenta  an  e o  ca e  

by the presence of a neighboring color were visually assessed by 12 normal color-vision observers 
using a magnitude estimation method under the Verivide D65 simulator. For the visual assessments, the 
t ree rimar  co or  ere ica  mea re  fir t  a onica ino ta S  ectrora iometer  
Based on the measured data, observers assigned a reasonable number to describe the lightness (0~100), 
colorfulness (0~no top limit), and hue (0~100% of predominant psychological primaries which was 
t en con erte  into  o  eac  rimar  co or in te t am e   com aring t em it  re erence 
samples. The results indicate that: (i) each primary color has the different color attribute most affected 
by neighboring colors, i.e. lightness for magenta, colorfulness for yellow, and hue for cyan; (ii) in 
terms of overall color, cyan was perceived most differently from its actual, i.e. physically measured, 
color under the influence of neighboring colors; and (iii) these neighboring color effects generally 
become more apparent and varied with an increment in the size of the neighboring colors.
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ABSTRACT 

In this study, the effect of the spatial and colorimetric attributes of neighboring color on 
color perception in textiles was investigated. Totally 240 woven color combinations were 
constructed in which each of three test colors, that is, cyan, magenta, and yellow, is placed 
with 20 different neighboring colors in varying proportions in stripe paradigms. The test 
colors were then visually assessed by 12 normal color-vision observers using a magnitude 
estimation method estimating the lightness, colorfulness, and hue values through the 
comparison with reference samples consisting solely of each test color. According to the 
obtained visual estimates, each test color has the different color attribute most affected by 
neighboring colors: lightness for magenta, colorfulness for yellow, and hue for cyan. In 
terms of overall color, cyan was perceived most differently from its actual, i.e. physically 
measured, color under the influence of neighboring colors. It was also revealed that these 
neighboring color effects generally become more apparent and varied with an increment in 
the size of the neighboring colors.  

1. INTRODUCTION 

Color is an attribute of visual sensation perceived in the context of various internal and 
external factors such as its size, shape, surface property, surround/background, and 
illumination geometry. This study focuses on the effect of surround, i.e. neighboring color, 
on color perception. The neighboring color effect can be described as simultaneous 
contrast in which a stimulus changes in color appearance depending on the particular 
relationship with its neighboring color. The simultaneous contrast has been importantly 
applied in the fine art and design practice, and textile design is one of the areas where this 
phenomenon is most frequently used in many different forms to create new color 
appearances.  

Previous studies (Jameson & Hurvich 1961; Luo et al. 1995; Ware & Cowan 1982) in 
general investigated the simultaneous contrast effect in a center-surround paradigm with a 
single fixed proportion of the two color fields. Stripes, another most often used pattern in 
textile applications, also have this effect although the extent would be less large as one 
color in the pattern is not completely surrounded by another. Also in the previous studies, 
four psychological primaries, red, yellow, green, and blue, were usually used as test colors 
induced, and only a limited number of inducing colors were included.   

The work described here investigated the effect of a large range of neighboring colors in 
different sizes and arrangements on the perception of cyan, magenta, and yellow in striped 
woven textiles. The principal aims of the work were to 1) analyze the varying extents of the 
neighboring color effect depending on the test color, 2) discover the color attribute most 
affected for each test color, and 3) investigate the effect of the spatial attributes of the 
neighboring colors. 
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ABSTRACT 
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obtained visual estimates, each test color has the different color attribute most affected by 
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terms of overall color, cyan was perceived most differently from its actual, i.e. physically 
measured, color under the influence of neighboring colors. It was also revealed that these 
neighboring color effects generally become more apparent and varied with an increment in 
the size of the neighboring colors.  

1. INTRODUCTION 

Color is an attribute of visual sensation perceived in the context of various internal and 
external factors such as its size, shape, surface property, surround/background, and 
illumination geometry. This study focuses on the effect of surround, i.e. neighboring color, 
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relationship with its neighboring color. The simultaneous contrast has been importantly 
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phenomenon is most frequently used in many different forms to create new color 
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different sizes and arrangements on the perception of cyan, magenta, and yellow in striped 
woven textiles. The principal aims of the work were to 1) analyze the varying extents of the 
neighboring color effect depending on the test color, 2) discover the color attribute most 
affected for each test color, and 3) investigate the effect of the spatial attributes of the 
neighboring colors. 

 

 

2. METHOD 

2.1 Sample Preparation 

In total, 243 woven fabric samples were constructed in 1/4 sateen weaves using a LX3202 
Staubli jacquard machine. Among them, three are reference samples consisting of a single 
test color, that is, one of cyan, magenta, and yellow, and 240 are test samples that are 
test/neighboring (induced/inducing) color combinations in striped paradigms (Table 1). In 
the samples, white yarns (L*=92.97; a*=-0.46; b*=1.58) were consistently used for warp, 
and cyan (L*=50.48; a*=-19.76; b*=-38.14), magenta (L*=51.20; a*=62.45; b*=0.86), and 
yellow (L*=84.87; a*=-0.60; b*=88.37) yarns were used for weft in varying proportions to 
produce 21 woven colors varying in lightness, colorfulness, and hue (in case of test colors, 
each single color was used for warp and weft). All the yarns were made of polyester, and 
the yarn diameter and fabric density were 0.125mm and 47×40/cm, respectively.  

Table 1. Sample designs. 

 
Reference sample Test sample (T* + N**) 

100%T 20%T+80%N 40%T+60%N 60%T+40%N 80%T+20%N 

Design 
 

 
    

Number 1 20 20 20 20 

Design 

 

    

Number 1 20 20 20 20 

Design 
 

 

    

Number 1 20 20 20 20 

Total 1×3=3 80×3=240 

 

 

 

2.2 Visual Assessment 

Twelve normal color-vision observers conducted visual assessment using a magnitude 
estimation method for test samples, i.e. test/neighboring color combinations, in the 
Verivide CAC 120 light cabinet set to the CIE standard illuminant D65 
(illumination/viewing angles: 45/0). The test samples were given one by one in a random 
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order with a relevant reference sample, i.e. a single test color, and its physically measured 
color attributes. Based on the given data, observers were asked to estimate the lightness L*, 
colorfulness C*, and hue h˚ values of each test color in the test samples through the 
comparison with the reference sample. 

3. RESULTS AND DISCUSSION 

Totally 2,880 estimations were made for 240 test samples, that is, three test colors placed 
with 20 different neighboring colors in four different proportions. The mean estimates were 
distributed in CIELAB color space as shown in Figure 1 in which crosses represent 
physically measured test colors (cyan: L*=54.36, C*=40.11, h˚=238.53; magenta: 
L*=56.95, C*=57.20, h˚=357.04; yellow: L*=84.52, C*=72.33, h˚=95.18), and diamonds 
are the visually assessed test colors. In each test color set, there was a discrepancy not only 
between the measured and the perceived colors, but also between the perceived colors 
depending on their proportions in the test samples. Also, a different distribution range was 
observed for each test color. These findings indicate that the extent of the neighboring 
color effect differs according to test colors and their proportions. 

  

(a)                                                       (b) 
Figure 1: Distribution of physically measured and visually assessed test colors on (a) CIE 

L*C* plane and (b) CIE L*h˚ plane. 

The mean color ranges of perceived cyan, magenta, and yellow were calculated and 
compared in terms of lightness, colorfulness, and hue as shown in Figure 2. In general, 
cyan has the widest range of estimated h˚ values, magenta has the widest range of 
estimated L* values, and yellow has the widest range of estimated C* values. This 
indicates each of these color attributes for each test color is most affected by neighboring 
colors (in terms of the variation between estimates). According to the proportions of test 
colors, there was a general tendency that the color ranges of the perceived test colors 
become wider when their proportions become lower. It implies when a color is placed with 
or surrounded by another color in a dominant size rather than a small size, the effect of the 
neighboring color becomes more apparent and varied.  

As the discrepancy between the measured and the perceived test colors, cyan was found 
to be perceived most differently from its actual color, especially in terms of hue (Δh˚=5.9), 
under the influence of neighboring colors having the average ΔECMC(2:1) value of 
approximately 4. In the perception of lightness and colorfulness, cyan and magenta, 

806
AIC2015 TOKYO - Color and Image



 

 

order with a relevant reference sample, i.e. a single test color, and its physically measured 
color attributes. Based on the given data, observers were asked to estimate the lightness L*, 
colorfulness C*, and hue h˚ values of each test color in the test samples through the 
comparison with the reference sample. 

3. RESULTS AND DISCUSSION 

Totally 2,880 estimations were made for 240 test samples, that is, three test colors placed 
with 20 different neighboring colors in four different proportions. The mean estimates were 
distributed in CIELAB color space as shown in Figure 1 in which crosses represent 
physically measured test colors (cyan: L*=54.36, C*=40.11, h˚=238.53; magenta: 
L*=56.95, C*=57.20, h˚=357.04; yellow: L*=84.52, C*=72.33, h˚=95.18), and diamonds 
are the visually assessed test colors. In each test color set, there was a discrepancy not only 
between the measured and the perceived colors, but also between the perceived colors 
depending on their proportions in the test samples. Also, a different distribution range was 
observed for each test color. These findings indicate that the extent of the neighboring 
color effect differs according to test colors and their proportions. 

  

(a)                                                       (b) 
Figure 1: Distribution of physically measured and visually assessed test colors on (a) CIE 

L*C* plane and (b) CIE L*h˚ plane. 

The mean color ranges of perceived cyan, magenta, and yellow were calculated and 
compared in terms of lightness, colorfulness, and hue as shown in Figure 2. In general, 
cyan has the widest range of estimated h˚ values, magenta has the widest range of 
estimated L* values, and yellow has the widest range of estimated C* values. This 
indicates each of these color attributes for each test color is most affected by neighboring 
colors (in terms of the variation between estimates). According to the proportions of test 
colors, there was a general tendency that the color ranges of the perceived test colors 
become wider when their proportions become lower. It implies when a color is placed with 
or surrounded by another color in a dominant size rather than a small size, the effect of the 
neighboring color becomes more apparent and varied.  

As the discrepancy between the measured and the perceived test colors, cyan was found 
to be perceived most differently from its actual color, especially in terms of hue (Δh˚=5.9), 
under the influence of neighboring colors having the average ΔECMC(2:1) value of 
approximately 4. In the perception of lightness and colorfulness, cyan and magenta, 

 

 

regardless of their proportion, were generally perceived as darker and more saturated than 
the actual colors, while yellow was perceived as lighter and less saturated with neighboring 
colors. 

   
(a)                                           (b)                                           (c) 

Figure 2: Comparison of the ranges of perce ed (a) L*  (b) C*  and ( ) h˚ values 
according to test colors and their proportions. 

4. CONCLUSIONS 

Three woven test colors, that is, cyan, magenta, and yellow, placed with 20 different 
neighboring colors in varying proportions were visually assessed to investigate the effect of 
neighboring color on color perception in textiles. The obtained visual estimates revealed 
the most affected color attribute of each test color, i.e. hue of cyan, lightness of magenta, 
and colorfulness of yellow. In terms of overall color, cyan was perceived most differently 
from its actual color under the influence of neighboring colors. In addition, these 
neighboring color effects were found to become more apparent and varied in general with 
an increment in the size of the neighboring colors. 

Further work will be done to discover the significant attributes of neighboring colors 
affecting each of the perceived lightness, colorfulness, and hue of test colors through 
statistical analyses. These significant neighboring color effects will be modeled.  
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ABSTRACT
This paper presents results of the state of the art study carried out at Light & Colour Group at 

NTNU in 2014. The aim of this study was to present an overview of contemporary research dealing 
it  t e im act o  nat ra  ig t  ometime  mo ifie   i erent g a ing t e  at t e erce tion o  

colours in architecture. This was considered as necessary for identifying areas that are missing from 
the research map of this topic. Based on this study, suggestions for future research were formulated.

The current development in the glass and glazing technologies results with new products, e.g. 
windows, glass-façade or glass roof elements e.g. with high-tech coatings on the glass. Increasingly 
o ten t e  a e c romatic eat re  t at in ence t e ectra  o er i tri tion o  t e ig t a ing 
through them. We may compare many modern glazing products to a colour filters situated in the 
building envelope openings. Such filters may change the perception of colours in interiors and the 
erce tion o  o t oor co o r  o er e  t ro g  t e fi ter g a ing   co o r i t o  r ace co o r  

may occur. Also one of the crucial aesthetic issues in architecture, namely the visual appearance of 
building facades, depends considerably on the optical qualities of the glazing.  

About 100 papers were found in: Science Direct, Scopus, Sage and Wiley online library using 
the following keywords: Light, Coloured light, Colour, Vision, Colour shift, Colour temperature, 
Visual perception, Window Glazing, Transmittance, Spectral composition, Visual comfort and Smart 
window. 

As expected, numerous papers deal with light and colour at the general level. The most 
interesting founding is that a considerably large number of papers, especially from the last 10 years, 
re ent t ie  o  a ne  generation o  namica  re on i e g a ing ca e  mart in o  Smart 

window notion comprise different glazing technologies that can be reversibly switched from a closed 
to a transparent state resulting in thermal and optical properties that can be dynamically controlled (Lee 
et al., 2004). One example of smart window technology is the electro-chromic (EC) glazing which is 
controlled by a small applied voltage. In the closed state the EC glazing has a very strong chromatic 
feature, e.g. a dark blue colour. Most of the reported studies examined the effect of switchable glazing 
on visual and thermal comfort, but very little has been found regarding the effect of different types of 
smart windows on the colour shift, and consequently for visual environment. 

The state of the art study aided us to formulation of the main research question for the future 
research in the Light & Colour Group:  

What will be the consequences of using smart window technology for indoor and outdoor visual 
environment?
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ABSTRACT 
This paper presents results of the state of the art study carried out at Light & Colour Group 
at NTNU in 2014. The aim was to present an overview of contemporary research dealing 
with the impact of natural light, sometimes modified by different glazing types, at the 
perception of colours in architecture. This was considered as an essential exercise for 
identifying areas that are missing from the research map of this topic. Based on this study, 
suggestions for future research were formulated. 

About 100 papers were found in: Science Direct, Scopus, Sage and Wiley online 
libraries using the following keywords: Light, Coloured light, Colour, Vision, Colour shift, 
Colour temperature, Visual perception, Window Glazing, Transmittance, Spectral 
composition, Visual comfort and Smart window.  

The most interesting founding is that a considerably large number of papers, especially 
from the last 10 years, present studies of a new generation of dynamically responsive 
glazing called “smart windows”. Smart window notion comprise different glazing 
technologies that can be reversibly switched from a closed to a transparent state resulting in 
thermal and optical properties that can be dynamically controlled (Lee et al. 2004). Most of 
the reported studies examined the effect of switchable glazing on visual and thermal 
comfort, but very little has been found regarding the effect of different types of smart 
windows on the perception of surface colours and consequently on colour shift.  

1. INTRODUCTION 
All of us live within three-dimensional reality that is changing continuously. Our 
perceptive and cognitive systems have been formed within this context. Colour and light 
together construct our mental image of space. The experiences of colour and light are 
interdependent and cannot be analysed separately (Arnkil  et al. 2012). 

Obviously, one of the lively elements of the built environment is light. It offers a vital 
connection between the individual, the building and the nearby outdoor environment. Light 
in a building can be perceived from various viewpoints such as: its necessity for working 
and living, whether natural or artificial, its source (if artificial), and finally its adverse 
feature, i.e. expense. Daylight has been the main source of light during centuries and is still 
appreciated as the most favourable for human health and well-being, therefor is should be 
considered as a main source of light, while electrical light as a supplement enabling 
illumination when and where it is impossible to illuminate by natural light. 

We know that colour is not the property of objects, spaces or surfaces; it is the sensation 
caused by certain qualities of light that the eye recognizes and the brain interprets. 
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Therefore, light and colour are inseparable, and, in the design of the human habitat, equal 
attention must be devoted to their psychological, physiological, visual, aesthetic, and 
technical aspects. 

The colour of surrounding influences experience of light and the need for lighting. The 
qualities of light (intensity, directionality, distribution, etc.) are essential for our perception 
of colour. Colour and light in constructed spaces influence our experiences and feelings, 
our comfort and our physiological well-being. A thorough investigation of the 
simultaneous and interrelated human perception of light and colour in architectural space 
was carried out by the Scandinavian research group SYN-TES (Fridell Anter and Klaren 
2010) and a systematic literature review was carried out by Karin Fridell Anter (2013). 

The current development in the glass and glazing technologies results with new 
products, e.g. windows, glass-façades or glass roof elements e.g. with high-tech coatings on 
the glass. Increasingly often they have chromatic features that influence the spectral power 
distribution of the light passing through them. We may compare many modern glazing 
products to a colour filters situated in the building envelope openings. Such filters may 
change the perception of colours in interiors and the perception of outdoor colours while 
observed through a “filter-glazing”. A colour shift of surface colours may occur. Also one 
of the crucial aesthetic issues in architecture, namely the visual appearance of building 
facades, depends considerably on the optical qualities of the glazing.   

The impact of different spectral compositions of light on colour perception could be one 
of the interesting research topics. To find more about the actual state of the art in research, 
a comprehensive literature study was carried out in the Light & Colour Group, at the 
Norwegian University of Science and Technology, NTNU, in Trondheim, Norway. 

2. METHOD 
The literature review helps to ensure that the design of a new research project is original, 
but at the same time it often gives inspiration for new and creative ideas. Additionally, the 
review of different studies enables comparing and combining of results and that have a 
value that no single study can have. Another special reason to do literature review is that it 
let researchers to address broad questions (Prinstein 2012). 

The present study involves different methods, from clearing the area of interest, 
searching in database to finding and studying relevant articles. In this study the narrative 
review approach was used. This is a more traditional approach that provides qualitative 
descriptions of the results of many previous studies. 

The search was carried out online on literature available at Norwegian University of 
Science and Technology (NTNU). Considering English language publications starting from 
the year 1938 was the only limitation for the review. 

Selected keywords (Table 1) were combined in the chosen databases. Each combination 
of words also resulted in a link called related articles in the databases. Combination of two 
or three keywords in addition to a single word helped to narrow the search result and to 
find the articles that were really relevant. We ended up skimming a long list of abstracts to 
identify the related articles. We used Science Direct, Scopus, Sage and Wiley online 
libraries and because of using the same keywords, there were some overlapping’s in the 
results. Actually it was advantageous; we could be sure that those articles have good 
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quality. The variety of articles about the colour and light was high but most of them were 
related to thermal and emotional effects of light or colour. Screening was done by reading 
the abstracts and choosing the most relevant for the following two topics: light and colour 
interaction and perception of colour under different lighting sources.  

Table 1. Keywords used in database search. 

Keywords 
Light Coloured light Transmittance 
Colour Colour shift Spectral composition 
Vision Colour temperature  
Window Visual perception  
Glazing Visual comfort  
Smart window Visual environment  
Electrochromic Glazing   

 

Additionally, some webpages were visited to find out the state of the art regarding 
technical development in industry. 

4. CONCLUSIONS 
The scope of this article limits us to present only the most interesting findings. We have 
found that the need of knowledge about spatial (as opposite to flat) visual perception was 
often neglected in colour research. By reviewing the existing we found that the perception 
of colour illuminated by light having different spectral composition and passing through 
different glazing types is one of the research gaps in this regards.  

As expected, numerous papers deal with light and colour at the general level. The most 
interesting finding is that a considerably large number of papers, especially from the last 10 
years, present studies of a new generation of dynamically responsive glazing called “smart 
windows”. Smart window notion comprise different glazing technologies that can be 
reversibly switched from a closed to a transparent state resulting in thermal and optical 
properties that can be dynamically controlled  (Lee et al. 2004). One example of smart 
window technology is the electro-chromic (EC) glazing which is controlled by a small 
applied voltage. In the closed state the EC glazing has a very strong chromatic feature, e.g. 
a dark blue colour. Most of the reported studies examined the effect of switchable glazing 
on visual and thermal comfort, but very little has been found regarding the effect of 
different types of smart windows on the colour shift, and consequently on the perception of 
visual environment.  

According to the literature review, glazing type is not necessarily considered as an issue 
effecting visual perception. There is a general lack of understanding regarding the 
performance and effect of smart windows, as a new generation of dynamic responsive 
glazing in real-world environments, on colour perception.  

According to Kumar (2005), formulating a research question is considered as “the first 
and most important step in the research process”. The state of the art study aided us to 
formulation of the two main research questions for the future research:  

1. How is the perception of colour influenced by light? 
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2. What will be the consequences of using smart window technology for visual 
environment? 

The secondary questions will be: 

What are differences between standard glazing and different glazing types form 
smart window technologies? 

What is the impact of light passing through a smart window at the total indoor 
visual environment? 

How does the colour of the façade made of smart windows looks from different 
distances?  

To what extent are different colours of light accepted in interiors? 

This research project (PhD) started with the exploration of the impact of color temperature 
of light at the perception of surface colors. The experiment expolring this issue (question 1) 
was done in September 2014 in connection with the “Colour in the City” exhibition in 
September 2014 in Trondheim and is described in the paper (Arbab and Matusiak 2015).   

Further, the consequences of using smart window technology for the visual environment 
in interiors will be examined (question 2). All behavioral data analysis requires a 
combination of empiricism and interpretation, and it can be argued that both quantitative 
and qualitative approaches, components, data, and/or strategies for analysis are necessary to 
adequately understand human behavior, whether individual, group, or societal (Bazeley 
2012). 

In order to carry out comprehensive analysis about the impact of light on color 
perception there is a need to merge qualitative and qualitative approaches; the strengths of 
both could provide the best understanding while it can give meaning to numbers by 
narrative, pictures and words (Johnson and Onwuegbuzie 2004). Nagy Hesse-Biber (2010) 
asserts that triangulation adopts a positivistic perspective by default. This method is 
employed when a researcher seeks to validate quantitative statistical findings with 
qualitative data results. Yet the assumption underlying triangulation is the positivistic view 
that there is an objective reality in which a given truth can be validated.  

 The theoretical and empirical studies draw our attention to a number of objectives for 
future study regarding various aspects of visual adaptation and the difficulties of measuring 
and describing human experiences of light and color in the diverse and complex situations 
of real life. 

The main methodology will be experimental research to evaluate the different aspects of 
visual perception in three different experimental phases that are parts of a long-term study 
on the relation between light characteristics and color perception 

According to the Joroff and Morse Model, range of research in this project would be 
somehow social science research. 
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Figure 1. Michael Joroff and Stanley Morse’s conceptual framework for architectural 
research (Joroff and Morse 1983). 

At the last, statistical analyses would be needed to compare qualitative and quantitative 
measures. The intention is to further understand the interaction between light and color as 
perceived by humans.  
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Figure 1. Michael Joroff and Stanley Morse’s conceptual framework for architectural 
research (Joroff and Morse 1983). 

At the last, statistical analyses would be needed to compare qualitative and quantitative 
measures. The intention is to further understand the interaction between light and color as 
perceived by humans.  
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ABSTRACT
The purposes of this study are to clarify the evaluation criteria for cloth texture, particularly the 

cloth roughness or smoothness, by using visual and tactile sensations, and to investigate the method 
used for producing cloth photographs for online shopping websites such that observers can determine 
t e egree o  ro g ne  or moot ne  o  t e c ot   ing t e e a ation re t

n o r re io  re earc  to in e tigate an o er er  acc rac  o  i entification a e  on i er 
visual and/or tactile response to both an actual piece of cloth and a photograph of the same, two fabric 
i entification e eriment  ere con cte  e e e eriment  in o e  t e artici ant  er orming  

 in  to c  i entification o  an act a  iece o  te t c ot  a ter t e  o er e  a otogra  o  t e 
same and 2) visual identification of an actual piece of cloth while they reviewed a photograph of 
the same. The results indicated that even if an actual piece of cloth and a high-quality photograph 
are re ente  to t e o er er  ome t e  o  c ot  are i entifie  at a o  rate  ere ore  t ere are 
considerable disagreements between capturing the actual conditions of a piece of cloth and evaluating 
a otogra  o  t e c ot  t o g  t e atter e a ation met o  i  mo t  e ta i e  in t e fie  o  
psychophysiology, the former photography method is largely based on the photographer’s capability. 

 t e otogra  con ition  corre on ing to t e e a ation re t o  t e c ot  te t re are c arifie  
man  t e  o  c ot  i  e i entifie  at a ig  rate  rt er  anot er re io  t  c arifie  t at t e 
term  ro g ne  an  moot ne  are im ortant or  or e a ating c ot  te t re

Therefore, a method to photograph a piece of cloth that can make it easy to evaluate cloth 
te t re in term  o  ro g ne  or moot ne  a  in e tigate  in t i  t  to rea i e an acc rate 
online shopping experience. In particular, two evaluation experiments were conducted. One was a 
visual evaluation (VE), in which the surface texture of an actual piece of cloth was evaluated solely by 
visual perception. The other was a visual and tactile evaluation (VTE), in which cloth textures were 
e a ate   ing ot  i a  an  tacti e erce tion  a ation c aracteri tic  o  ro g ne  an  

moot ne  ere e amine  in eac  e eriment  e re t  o e  t at man  t e  o  c ot  ere 
o ere timate  or ro g ne  en  a  con cte  an  n ere timate  or moot ne  en 
VE was conducted.

  Another experiment was conducted for evaluating surface textures using photographs of pieces 
of cloth shot at different distances between the cloth and the digital camera. 

ect i tance  t at o e  t e ame or imi ar e a ation re t  ere e amine  an  c arifie  
ing  an   o  t e otogra   e confirme  t at t e t ie  met o  can e e  or 

ta ing c ot  otogra  ic  o er er  can etermine t e egree o  ro g ne  or moot ne  
of the cloth, for online shopping websites.
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ABSTRACT

The purposes of this study were to clarify differences that arise in the assessment of cloth 
texture, particularly cloth roughness or smoothness, using visual and tactile evaluations, 
and to investigate a method for producing cloth photographs for online shopping websites 
that observers could use to assess the degree of roughness or smoothness of the cloth. Two 
evaluation experiments were conducted. The first experiment was a visual evaluation (VE), 
in which the surface textures of actual pieces of cloth were evaluated solely by visual 
examination. The other was a visual and tactile evaluation (VTE), in which cloth textures 
were evaluated using both visual and tactile examination. The characteristics of cloth 
roughness and smoothness were examined in each experiment. The results showed that the 
roughness of many types of cloth was overestimated when VTE was conducted and that 
smoothness was underestimated when VE was conducted. The second experiment was 
conducted to evaluate cloth surface textures using digital photographs of pieces of cloth 
taken at different distances between the cloth and the camera. Object distances that 
produced the same or similar evaluation results were examined and clarified using VE of 
the photographs. We thus confirmed that the method used in this study can be used to take 
photographs that users of online shopping websites can use to determine the degree of 
roughness or smoothness of cloths. 

1. INTRODUCTION 
In recent years, online shopping for clothes has grown in popularity.1 However, because 
most retailers offer only visual information such as pictures of clothes, there may be 
discrepancies between an item’s visual image and its actual appearance and physical 
comfort. To address this problem, visual and tactile measures that can be used to assess 
differences between images of clothes in pictures and the look and feel of the actual items 
are required. In a previous study (Ishikawa et al. 2013), we conducted two fabric 
identification experiments to assess an observer’s accuracy in identifying both an actual 
piece of cloth and a photograph of the same cloth, based on his/her visual and/or tactile 
responses. These experiments involved the participants’ performing the following: 1) blind 
touch identification of an actual piece of test cloth after they observed a photograph of the 

1 http://www.soumu.go.jp/johotsusintokei/whitepaper/ja/h23/index.html
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ABSTRACT
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produced the same or similar evaluation results were examined and clarified using VE of 
the photographs. We thus confirmed that the method used in this study can be used to take 
photographs that users of online shopping websites can use to determine the degree of 
roughness or smoothness of cloths. 

1. INTRODUCTION 
In recent years, online shopping for clothes has grown in popularity.1 However, because 
most retailers offer only visual information such as pictures of clothes, there may be 
discrepancies between an item’s visual image and its actual appearance and physical 
comfort. To address this problem, visual and tactile measures that can be used to assess 
differences between images of clothes in pictures and the look and feel of the actual items 
are required. In a previous study (Ishikawa et al. 2013), we conducted two fabric 
identification experiments to assess an observer’s accuracy in identifying both an actual 
piece of cloth and a photograph of the same cloth, based on his/her visual and/or tactile 
responses. These experiments involved the participants’ performing the following: 1) blind 
touch identification of an actual piece of test cloth after they observed a photograph of the 

1 http://www.soumu.go.jp/johotsusintokei/whitepaper/ja/h23/index.html

same cloth and 2) visual identification of an actual piece of cloth while they reviewed a 
photograph of the same cloth. The results indicated that even if an actual piece of cloth and 
a high-quality photograph are presented to observers, some types of cloth are identified at 
a low level of accuracy. Therefore, there are considerable differences between perceiving 
the actual characteristics of a piece of cloth and evaluating a photograph of the cloth. 
Although the latter evaluation method is mostly established in the field of 
psychophysiology, the photography method is largely based on the photographer’s 
abilities. If the photography conditions corresponding to the evaluation results for the cloth 
texture are clarified, many types of cloth could be identified at high levels of accuracy. 
Many previous studies clarified that the terms roughness and smoothness are important 
words in evaluating cloth texture (Brockman 1966, Kawabata 1980, Sakita 2006, Ishikawa 
et al. 2014a). Therefore, a method to photograph a piece of cloth that can make it easy to 
evaluate cloth texture in terms of roughness or smoothness was investigated in this study to 
improve the accuracy of the online shopping experience. In Experiment 1, two evaluations 
were conducted. One was a visual evaluation (VE), in which the surface textures of actual 
pieces of cloth were evaluated solely by visual examination. The other was a visual and 
tactile evaluation (VTE), in which cloth textures were evaluated using both visual and 
tactile examinations. The characteristics by which roughness and smoothness were 
evaluated were examined in each experiment. The results showed that roughness was 
overestimated for many types of cloth when VTE was conducted and that smoothness was 
underestimated when VE was conducted. In Experiment 2, the surface textures of pieces of 
cloth were evaluated using digital photographs shot at different distances between the cloth 
and the camera. Object distances that produced the same or similar evaluation results were 
examined and clarified using VE of the photographs. We thus confirmed that the method 
examined in this study can be used to take photographs from which users of online 
shopping websites can determine the degree of roughness or smoothness of fabrics. 

2. EXPERIMENT 

2.1 Experiment 1: VE and VTE using actual cloths 

2.1.1 Experimental conditions 
Eight types of test fabrics were prepared for use in VE and VTE testing. The fabrics used 
were ones which, in a preliminary experiment, designers were able to differentiate from 
each other based on touch. The base colors of the fabrics were white and beige, and the 
materials used included polyester and triacetate. Figures 1(a-f) are photographs of the 
fabric samples. The fabric stimuli presented in the VE and VTE testing were produced by 
affixing the test fabrics shown in Figure 1 to 400 mm x 275 mm boards. In the VE testing, 
roughness and smoothness were evaluated using visual perception alone, whereas in the 
VTE testing, roughness and smoothness were evaluated using both visual and tactile 
perception. In both sets of tests, participants sat in chairs and observed the fabric stimuli on 
a table at a distance of 40 cm from their eyes. The horizontal illuminance of the fabric 
stimuli was 499 lx. Roughness and smoothness were rated separately on 7-point unipolar 
rating scales (0 = not like that; 2 = a little like that; 4 = like that; 6 = very much like that). 
The participants were ten engineering students in their twenties. 
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No. 1                           No. 2                           No. 3                         No. 4 

          

No. 5                           No. 6                           No. 7                         No. 8 

Figure 1: Test cloths. 

2.1.2 Results and Discussion of Experiment 1 
Figures 2(a-b) show the results of the smoothness and roughness ratings. The mean VE and 
VTE ratings are indicated for each fabric. As Figure 2(a) shows, for six of the eight fabric 
types, the VTE rating for smoothness was lower than the VE rating. In contrast, 
Figure 2(b) shows that for the same six fabrics, the VTE was higher than the VE rating. 
These results indicate that touching a fabric led to rating it as rougher (less smooth). The 
results also suggest that because judgments based on visual perception of fabric texture 
tend to lead to rating it as smooth, it is necessary to include indicators that emphasize the 
roughness of a fabric. 

(a) Results for smoothness                               (b) Results for roughness 

Figure 2: Results of VE and VTE 
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types, the VTE rating for smoothness was lower than the VE rating. In contrast, 
Figure 2(b) shows that for the same six fabrics, the VTE was higher than the VE rating. 
These results indicate that touching a fabric led to rating it as rougher (less smooth). The 
results also suggest that because judgments based on visual perception of fabric texture 
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Figure 2: Results of VE and VTE 

2.2 Experiment 2: VE using photographs of cloths 

2.2.1 Experimental conditions 
The fabrics were photographed to produce images for use in the experiment. When 
photographing fabrics, methods that involve adjusting the magnification of the lens can be 
considered, but because of the possibility of color aberration and other unwanted effects, a 
different photographic method was selected, in which the camera lens and other settings 
are held constant while the distance from the camera to the object is varied. The fabric 
stimuli used in Experiment 1 were fixed in place, and 13 different photographs of each 
fabric were taken using a Nikon D7000 camera and an AF-S Micro NIKKOR 60-mm 
F2.8G ED macro lens, with the photographic distance varied from 0.185m to 1.4 m. At the 
time of shooting, the camera was set to an ISO sensitivity of 100, an aperture of f/6.3, and 
a shutter speed of 1/30 s. An Apple Cinema Display A1081 (1680 u 1050 resolution) was 
used in the ratings experiment, and the images were clipped to 1680 u 1050 px and 
displayed across a full screen. 

2.2.2 Results and Discussion of Experiment 2 
Figures 3(a-b) display the results of the fabric smoothness and roughness ratings at various 
photographic distances. The figures show a trend of smoothness ratings tending to increase 
and roughness ratings tending to decrease as the photographic distance increases. In 
addition, over the range of photographic distances, there is little fluctuation in the relative 
smoothness and roughness rankings of the fabrics, indicating that fabric smoothness and 
roughness ratings change almost uniformly in response to changes in photographic 
distance, regardless of fabric type. 

(a) Result of smoothness 

817
AIC2015 TOKYO - Color and Image



(b) Result of roughness

Figure 3: Result of photography’s VE against change in photographic distance 

3. ANALYSIS AND DISCUSSION 
Through analysis of correlations and mean errors, we examined which of the conditions in 
Experiment 2 yielded results that were most consistent with the results of the VE and VTE 
ratings of smoothness and roughness of fabric stimuli in Experiment 1. The results 
indicated that for VE ratings, a photographic distance of 0.5 m represented the condition 
for which the results of Experiments 1 and 2 were most consistent, with a correlation of 
approximately 0.7 and a mean error value of approximately 0.1. On the other hand, for 
VTE ratings, the photographic distance range of 0.5 to 0.7 m represented conditions for 
which the results were most consistent, with correlations centered at approximately 0.7 and 
mean error values centered at approximately 0.1. These findings suggest that for the 
photographic environment used in this study, photographs taken at a distance in the range 
of 0.5 to 0.7 m from the object best capture the smoothness and roughness of actual pieces 
of fabric when they are seen and touched. In the future, it may be necessary to confirm this 
with replication studies that simulate actual online shopping. 

4. CONCLUSIONS 
To investigate the methods used to photograph fabrics for online shopping, the differences 
in the ratings of the roughness and smoothness of the textures of various fabrics were 
examined, and the differences in rating results obtained for fabrics evaluated by visual 
examination alone versus fabrics evaluated by both visual and tactile examination were 
investigated. Fabrics examined by the former method (visual evaluation alone) tended to 
be perceived as smoother than fabrics examined with the latter method (visual and tactile 
evaluation). Roughness and smoothness ratings were then obtained for fabrics using photos 
taken from various distances. By investigating which photographic conditions were 
consistent with the actual roughness and smoothness ratings, we determined the most 
suitable distances at which photographs should be taken to assist online shopping website 
users in accurately assessing fabric texture. In the future, in addition to conducting studies 
to verify these results, we plan to analyze the relationships between the special features of 
fabric photographs (such as spatial frequency, contrast, and average brightness) and 
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(b) Result of roughness

Figure 3: Result of photography’s VE against change in photographic distance 

3. ANALYSIS AND DISCUSSION 
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indicated that for VE ratings, a photographic distance of 0.5 m represented the condition 
for which the results of Experiments 1 and 2 were most consistent, with a correlation of 
approximately 0.7 and a mean error value of approximately 0.1. On the other hand, for 
VTE ratings, the photographic distance range of 0.5 to 0.7 m represented conditions for 
which the results were most consistent, with correlations centered at approximately 0.7 and 
mean error values centered at approximately 0.1. These findings suggest that for the 
photographic environment used in this study, photographs taken at a distance in the range 
of 0.5 to 0.7 m from the object best capture the smoothness and roughness of actual pieces 
of fabric when they are seen and touched. In the future, it may be necessary to confirm this 
with replication studies that simulate actual online shopping. 

4. CONCLUSIONS 
To investigate the methods used to photograph fabrics for online shopping, the differences 
in the ratings of the roughness and smoothness of the textures of various fabrics were 
examined, and the differences in rating results obtained for fabrics evaluated by visual 
examination alone versus fabrics evaluated by both visual and tactile examination were 
investigated. Fabrics examined by the former method (visual evaluation alone) tended to 
be perceived as smoother than fabrics examined with the latter method (visual and tactile 
evaluation). Roughness and smoothness ratings were then obtained for fabrics using photos 
taken from various distances. By investigating which photographic conditions were 
consistent with the actual roughness and smoothness ratings, we determined the most 
suitable distances at which photographs should be taken to assist online shopping website 
users in accurately assessing fabric texture. In the future, in addition to conducting studies 
to verify these results, we plan to analyze the relationships between the special features of 
fabric photographs (such as spatial frequency, contrast, and average brightness) and 

roughness and smoothness, and thereby identify the key image features in the evaluation of 
roughness and smoothness In addition, we plan to investigate other related issues, such as 
the influence that differences in experience with and knowledge of clothing can have on 
such evaluations (Ishikawa et al. 2014b).
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ABSTRACT
o or i  an im ortant ica  ro ertie  t at are fin  in a  oo  ro i e an acce ta e a it  

of purchasing decisions of consumers, especially in fruits and vegetables. The color of an object 
depends on both the physics of the object in its environment and the characteristics of the perceiving 
eye and brain. Physically, objects can be said to have the color of the light leaving their surfaces, 

ic  norma  e en  on t e ectr m o  t e inci ent i mination an  t e re ectance ro ertie  
of the surface, as well as potentially on the angles of illumination and viewing. Thailand has a lot 
of fruit and vegetable throughout the season. Mushrooms are example of a low-calorie food source 

ig er t an  o  t e ai  a e   o   itamin  c  a  ri o a in  niacin an  antot enic 
acid, an excellent source of the essential minerals, selenium (37% DV) and copper (25% DV), and 
a good source (10-19% DV) of phosphorus and potassium. Fat, carbohydrate and calorie content 
are low, with absence of vitamin C and sodium. The advantages of mushroom extracts are studied 
as possible treatments for diseases, such as cardiovascular disorders. Some mushroom materials, 
including polysaccharides, glycoproteins and proteoglycans are under basic research for their potential 
to modulate immune system responses and inhibit tumor growth, whereas other isolates show potential 
antiviral, antibacterial, antiparasitic, anti-inflammatory, and antidiabetic properties in preliminary 
studies. Currently, several extracts have widespread use in Japan, Korea and China, as adjuncts to 
ra iation treatment  an  c emot era  e en t o g  c inica  e i ence o  e ficac  in man  a  not 

een confirme  ac r it  or omor ica coc inc inen i  i  a So t ea t ian r it fin  t ro g o t 
the region from Southern China to Northeastern Australia, including Thailand, Laos, Myanmar, 
Cambodia and Vietnam.. The advantages of lycopene are anti-oxidant very strong and contributed 
ignificant  to in i it t e gro t  o  cancer ce  e o ecti e o  t i  re earc  a  to t  co or 

of gac fruit blended with mixed mushrooms juice affected on consumption acceptabilities. Firstly, to 
study an appropriate ratio of gac fruit and three types of mushroom (Shitake, Golden and Angel) juice 
by using bael as taste additive. After that, blending of aliquots were performed homogeneous with an 
electric blender. Colors measurement of all  treatments  were tested by using Hunter Lab Instrument. 
The results found that trends of higher amount of gac fruit and mixed mushroom provided dark red.   
Finally, Sensory evaluation of panelists were revealed that gave acceptability data to represent overall 
of panelists. From the information above can be used in developing color of products in form of health 
drinks, covers the essential nutrients and essential bioactives needed in the future to meet the demands 
of consumers, which has increased steadily and expanded, in the large level in beverage industry.
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ABSTRACT 

The effect of different ratios of mushroom and gac fruit juice on sensory and color properties 

of mixed mushroom (Shitake, Golden and Angel) and gac fruit juice were studied. Mixed 

mushroom and gac fruit juice prepared to do a variety test by using  bael as sweetener, 

namely sensory evaluation and color measurement.  Firstly, preparation of mixed mushroom 

juice and gac fruit juice were sliced into small pieces and washed with clean water. Blending 

of aliquots were performed continuously until homogeneous by using an electric blender. 

After that, juices were heated  at temperature 80qc. Physical properties (color measurement) 

was measured  by Hunter and Sensory evaluation was done by using 9-hedonic scaling test. 

The results showed that  the values of  L*, a* and b* depending on  different ratio of mixed 

mushroom and gac fruit juices. The using of higher gac fruit juice gave much lightness, but 

less of gac fruit revealed higher intensity of a* and b*.      Sensory evaluation showed that the 

the highest average of the mean of attributes color and overall acceptability were treatment 5 
with an average  6.93 and 7.73, respectively. There were significant differences (P<0.05) for 
attributes color and overall acceptability. Treatment 5  revealed that gave the best overall 
acceptability and  color. From the information above can be used in developing color of 
products in form of health drinks, covers the essential nutrients needed in the future to meet 
the demands of consumers, which has increased steadily and expanded, in the large level in 
beverage industry. 

 

1. INTRODUCTION 

 

The aspect and color of the food surface is the first quality parameter evaluated by consumers 

and is critical in the acceptance of the product. The color of this surface is the first sensation 

that the consumer perceives and uses as a tool to accept or reject food. The determination of 

color can be carried out by visual (human) inspection or by using a color measuring 
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with an average  6.93 and 7.73, respectively. There were significant differences (P<0.05) for 
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acceptability and  color. From the information above can be used in developing color of 
products in form of health drinks, covers the essential nutrients needed in the future to meet 
the demands of consumers, which has increased steadily and expanded, in the large level in 
beverage industry. 

 

1. INTRODUCTION 

 

The aspect and color of the food surface is the first quality parameter evaluated by consumers 

and is critical in the acceptance of the product. The color of this surface is the first sensation 

that the consumer perceives and uses as a tool to accept or reject food. The determination of 

color can be carried out by visual (human) inspection or by using a color measuring 

instrument. In order to carry out a more objective color analysis, color standards are often 

used as reference material. Unfortunately, their use implies a slower inspection and requires 

more specialized training of the observers. For this reason it is recommendable to determine 

color through the use of color measuring instrumentation. At present, color spaces and 

numerical values are used to create, represent and visualize colors in two and three 

dimensional space (Trusell Saber and Vrhel, 2005). Gac fruit has high levels of carotenoids, 

especially β-carotene and lycopene, are found in gac fruit aril, the brightly colouredflesh 

covering the seeds. (Aoki.et al. (2002) The advantages of mixed mushroom extracts (Shitake, 

Golden and Angel) are studied as possible treatments for diseases, such as cardiovascular 

disorders. Some mushroom materials, including polysaccharides, glycoproteins and 

proteoglycans are under basic research for their potential to modulate immune system 

responses and inhibit tumor growth. (Gao et al., 2005) 

The aim of this study was to evaluate  effect of different ratios of mixed mushroom and gac 
fruit on color measurement in gac fruit blended with mixed mushroom juice and sensory 
evaluation. 

2. METHOD 

2.1 Mixed Mushroom Juice and Gac Fruit Juice Preparation 

Fresh mushrooms (Shitake, Golden and Angel) and gac fruit are the main ingredients (see 

Table1.) in the production of mushroom juice and gac fruit juice were sliced into small pieces 

and washed with clean water. Blending of aliquots were performed continuously until 

homogeneous by using an electric blender. After that, juices were heated  at temperature 80qc 

for 15 minutes and cooling at room temperature (Batu, 1990; Wirivutthikorn and 

Jenkunawatt, 2014) 

                                 Table 1. Mushroom Juice and Gac Fruit Juice Production. 

 

Ingredients                                                                            Treatment 

                                                      1                      2                     3                      4                    5 

Mixed mushroom juice (ml)                    65                    55                   50                   50                   55   

Gac fruit juice (ml)                                  20                    20                    25                   35                   25 

Sugar (g)                                                   15                    25                    25                   15                  20 

Dried bael   (g)                                         15                    15                    15                    15                  15 
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2.2 Sensory Evaluation 

The sensory evaluation was carried out 30  panelists consisting of panelists in Rajamangala 

University of Technology Thanyaburi, Thailand. Sensory evaluation was done by 9-hedonic 

evaluation. Panelists are asked to determine the level of preferences on each treatment using 

hedonic scale of 9 points (1: dislike extremely, 2: dislike very much, 3: dislike moderately, 4: 

dislike slightly, 5: neither like nor dislike, 6: like slightly, 7: like moderately, 8: like very 

much, 9: like extremely) based on attributes of color and overall acceptability. 

(Wirivutthikorn and Jenkunawatt, 2014) 

Color Measurement 

The sample  of  mixed mushroom  juice and gac fruit juice from each treatment were 

prepared for color measurement using a Spectro Dens A407077 Premium (D-61462, 

Germany). Color was recorded and shown using brightness (L*), redness (a*) and yellowness 

(b*)  

3. RESULTS AND DISCUSSION 

1.  Color of Juice 

                                     Table 2.  Value of  L*,a*,b* . 

 Value 

Treatment 

1 2 3 4 5 

L* 35.3 33.2 35.9 40.4 31.1 

a* -0.1 3.6 3.4 -1.7 1.7 

b* 12.6 18.0 2.9 4.0 22.5 
 

             From the above results, The values of L*, a* and b* and physical appearance 
depending on  different ratio of mixed mushroom and gac fruit juices. The using of higher 
gac fruit juice gave much lightness, but less of gac fruit revealed higher intensity of  a* and 
b* (Wirivutthikorn and Jenkunawatt, 2014) 

2. Sensory Evaluation 

  In sensory evaluation, the highest average of the mean of attributes color and overall 
acceptability were treatment 5 with an average 6.93 and 7.73, respectively. There were 
significant differences (P<0.05) for attributes color and overall acceptability of juice in each 
treatments. Treatment 5 indicated  that the highest scores both of color and overall 
acceptability (Wirivutthikorn and Jenkunawatt, 2014) 

4. CONCLUSIONS 
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prepared for color measurement using a Spectro Dens A407077 Premium (D-61462, 

Germany). Color was recorded and shown using brightness (L*), redness (a*) and yellowness 

(b*)  

3. RESULTS AND DISCUSSION 

1.  Color of Juice 

                                     Table 2.  Value of  L*,a*,b* . 

 Value 
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1 2 3 4 5 

L* 35.3 33.2 35.9 40.4 31.1 

a* -0.1 3.6 3.4 -1.7 1.7 

b* 12.6 18.0 2.9 4.0 22.5 
 

             From the above results, The values of L*, a* and b* and physical appearance 
depending on  different ratio of mixed mushroom and gac fruit juices. The using of higher 
gac fruit juice gave much lightness, but less of gac fruit revealed higher intensity of  a* and 
b* (Wirivutthikorn and Jenkunawatt, 2014) 

2. Sensory Evaluation 

  In sensory evaluation, the highest average of the mean of attributes color and overall 
acceptability were treatment 5 with an average 6.93 and 7.73, respectively. There were 
significant differences (P<0.05) for attributes color and overall acceptability of juice in each 
treatments. Treatment 5 indicated  that the highest scores both of color and overall 
acceptability (Wirivutthikorn and Jenkunawatt, 2014) 

4. CONCLUSIONS 

The uses of different ratios of raw material preparation has effects on quality of mixed 
mushroom and gac fruit juice. Treatment 5 revealed that gave the best overall acceptability 
and  color. 

ACKNOWLEDGEMENTS 

The authors would like to thanks  students and officials of  Faculty Agricultural Technology 
Rajamangala University of Technology Thanyaburi (RMUTT) Thailand  that helped part in 
the research.  We would also like to thank the Faculty of Agricultural Technology for their 
support  facilities  and  budgets on our research and travel expense for this conference. 

                                               REFERENCES 

Aoki, H., Kieu, N. T. M., Kuze, N., Tomisaka, K. and Chuyen, N. V. 2002. Carotenoid     

             pigments in gac fruit.). Journal of Biotechnology 66(11):  2479-2484. 

Batu, A. 1990. A study on production of a white hard grape pekmez byadding different   

             additives.. MSc. Thesis. Food Engineering  Department, Engineering Faculty, Ege          

             University. Bornova, Izmir. 

Gao, Y. et al. 2005.  Effects of water-soluble Ganoderma lucidum polysaccharides on the  

              immune functions of patients with advanced lung cancer.  J. Med Food 8(2):159-68. 

Trusell, H. J., Saber, E. and Vrhel, M. 2005. Color image processing. IEEE Signal  

             Processing Magazine  22(1): 14–22. 

Wirivutthikorn, W. and Jenkunawatt,  S. 2014. Preference  Colors of   Gac Fruit Blended  

             with Pineapple Juice. Tien-Rein LEE (Editor –in-Chief). The 2 nd Conference of    

             Asia Color Association URBAN  COLOR  FOR  LIFE 4-7 September 2014, Taipei,  

             Taiwan. 304-307. 

 

             Address: Wattana  Wirivutthikorn  Faculty of Agricultural Technology, Rajamangala 
University of Technology Thanyaburi (RMUTT)  2 Soi Phaholyothin 87 Soi 2 Phaholyothin 
Road Thanyaburi PathumThani 12130  Thailand.  

             E-mail: wattana_w@mail.rmutt.ac.th,sompornjen@gmail.com 

823
AIC2015 TOKYO - Color and Image



PS1-76

minance Contra t o  ai etter  In encin  l erly i ion
Kitirochna RATTANAKASAMSUK

Color Research Center, Faculty of Mass Communication Technology, Rajamangala University of 
Technology Thanyaburi

ABSTRACT
In this research, we investigated the effect of luminance contrast between text and background 

on legibility of Thai letters. Three groups of subjects participated in this research. The first group 
was 30 of young students (age between 18-23 years old) who had normal or corrected-to-normal 

i a  ac it  e econ  gro  a  t e ame  ect  rom t e fir t gro  e  ere a e  to 
wear cataract experiencing goggle in order to simulate vision of the elderly during the experiment. 
We named the second group as the simulated elderly. The third group was ten of real elderly (age 
et een  ear  o   ect  a  norma  co or i ion  e tim  config ration a  a ro  

of ten random Thai letters presented on an LED display. The letter’s size was 0.35 degree at 246 cm 
ie ing i tance  e minance contra t et een te t an  ac gro n  a  com o e  o  fi e e e  

of positive polarity and five levels of negative polarity. The subjects viewed the stimuli in a room 
ic  i minate  at  an    e fir t ta  o  eac  ect a  to re ort t o e  ran om etter  

Reading performance was calculated in %correct answer. For the second task, the subjects was asked 
to rate the reading easiness of those letters. The two tasks were conducted in separated sessions. The 
results showed that for positive polarity, reading performance and easiness score of the real elderly 
were slightly lower than those of the other two groups.  For negative polarity, result of the real elderly 
under 0 and 300 lux was slightly different. However, at low luminance contrast, reading performance 
an  ea ine  corer o  t e o ng n er   a  en  ec ine  an  ignificant  i erent rom 
reading performance under 0 lux. The required luminance contrast between text and background for 
the elderly had to be higher than the required luminance contrast of those two groups.

Luminance Contrast of Thai Letters Influencing Elderly 
Vision 

Kitirochna RATTANAKASAMSUK
Color Research Center, Faculty of Mass Communication Technology,

Rajamangala University of Technology Thanyaburi

ABSTRACT
We investigated the effect of luminance contrast between text and background on legibility 
of Thai letters. Three groups of subjects; young (18-23 yrs.), elderly (58-66 yrs.), and 
simulated elderly (young wored cataract experiencing goggle) participated in this research. 
The stimulus configuration was a row of ten random Thai letters presented on an LED 
display. The letter’s size was 0.35 degree at 246 cm viewing distance. The luminance 
contrast between text and background was composed of five levels of positive polarity and 
five levels of negative polarity. The subjects viewed the stimuli in a room which 
illuminated at 0 and 300 lux. The first task of each subject was to report those 10 random 
letters. Reading performance was calculated in term of percentage of correct answer. For 
the second task, the subjects was asked to rate the reading easiness of those letters. The 
results showed that the elderly required higher contrast letter than the young. For positive
polarity, reading performance and easiness score of the real elderly were slightly lower 
than those of the other two groups.  For negative polarity, result of the real elderly under 0 
and 300 lux was slightly different. However, at low luminance contrast, reading 
performance and easiness score of the young under 300 lux was suddenly declined and 
significantly different from reading performance under 0 lux. For all groups of subject,  
minimum required contrast for easy reading is higher than minimum required contrast for 
correct reading. Even though all groups of subject could read the lower contrast letter but 
they felt that the lower contrast is not easy to read.

1. INTRODUCTION
Number of elderly population in Thailand has been growing. In 2025, the percentage of 
elderly people will be more than 15% and will become more than 25% in 2050 (Institute 
for Population and Social Research 2006; United Nations 2002). Therefore, we cannot 
discard this severe situation and have to prepare for the aging society. It is important to 
study the elderly vision in order to prepare the elder-friendly environment so that the 
elderly can maintain their quality of life and also their performance to live by themselves. 
One important aspect for the elderly is their loss of vision due to the cataract. Their 
crystalline lens become hazy which caused more scattered light in their eye. Therefore, 
they cannot see some small details clearly such as small Thai letters. In this research we 
then investigated the effect of luminance contrast between text and background on 
legibility of Thai letters. We selected an LED display as a source to present the letters 
becuse nowaday LED display is generally used to present information. However, its 
characteristic was not the same as the reflected paper because the LED display is a self 
emitting source. We thought that the LED display generally emit stronger light intensity 
than the reflected light from paper. We varied the luminance contrast between text and 
background and examined the reading performance and easiness of young and elderly 
people.
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1. INTRODUCTION
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elderly people will be more than 15% and will become more than 25% in 2050 (Institute 
for Population and Social Research 2006; United Nations 2002). Therefore, we cannot 
discard this severe situation and have to prepare for the aging society. It is important to 
study the elderly vision in order to prepare the elder-friendly environment so that the 
elderly can maintain their quality of life and also their performance to live by themselves. 
One important aspect for the elderly is their loss of vision due to the cataract. Their 
crystalline lens become hazy which caused more scattered light in their eye. Therefore, 
they cannot see some small details clearly such as small Thai letters. In this research we 
then investigated the effect of luminance contrast between text and background on 
legibility of Thai letters. We selected an LED display as a source to present the letters 
becuse nowaday LED display is generally used to present information. However, its 
characteristic was not the same as the reflected paper because the LED display is a self 
emitting source. We thought that the LED display generally emit stronger light intensity 
than the reflected light from paper. We varied the luminance contrast between text and 
background and examined the reading performance and easiness of young and elderly 
people.

2. METHOD

2.1 Apparatus
The apparatus was composed of two rooms (a test room and a subject room) separated by a 
wall. The dimension of this apparatus was shown in Figure 1. Inside the test room, an LED 
display (Toshiba LED40PU200T) was placed and connected to a PC via HDMI cable. This 
LED display was used for presenting stimuli. The test room was covered by a black curtain 
to minimize external light. In the subject room, the internal wall was covered by a white 
wall paper. The room was also decorated by some stuff such as artificial flower, a doll, and 
books on a shelf in order to simulate the daily life used rooms. There was a set of four 
fluorescence lamps attached to the room’s ceiling. The intensity of this set of four 
fluorescence lamps was adjustable to obtain the required illluminance level. The 
illuminance in this room was measured by a chroma meter (Konica Minolta CL-200A) 
placed on the shelf closed to the front wall.  On the front wall which connected to the test 
room, a 5 cm × 30 cm aperture was cut at the subject eye’s level. The subject looked 
through this aperture to see the stimuli which were presented on the LED display. The 
distance between the front wall and the subject’s eye was fixed at 2 m. 

Figure 1: Schematic diagrams of the apparatus.(Rattanakasamsuk 2013)

2.2 Subjects
Three groups of subjects participated in this experiment. The first group was 30 
undergraduated student (age between 18-23 years old.). We name  t i  gro  a  young  
The second group was five elderly people (age between 58-66 years old). This group was 
name  a  elderly  or t e t ir  gro 30 young subjects were asked to wear cataract 
experiencing goggle during experiment. This cataract experiencing goggle was developed 
by Obama et al. (Obama et al. 2004). It was made from 58% transmittance filter, 14% of 
haze values filter and yellow filter in order to simulate the elderly vision. These 30 subjects 

a  ca e  t e im ate  e er  All subjects had normal or corrected to normal visual 
acuity. 

2.3 Stimuli and Experimental Conditions
The stimulus configuration was a row of ten random Thai letters presented on an LED 
display. The letter’s size and viewing distance were kept constant at 0.35 degree and 246 
cm, respectively. The luminance of “black” and “white” background was constant at 0.01 
and 147 cd/m2, respectively. Two polarities of luminance contrast between letter and 
background was applied to the stimuli as shown in Figure 2. The first one was positive 
polarity (dark letter on white background). Five levels of luminance contrast for the 
positive polarity were set at -1.30, -0.95, -0.54, -0.37, 0.65, and 4.17. The second one was 
negative polarity (light letter on black background). Five levels of luminance contrast for 
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the negative polarity were set at 0.30, 1.23, 2.48, 3.18, 3.60, and 4.17. Note that all 
luminance contrast was presented in term of log Weber contrast. The illuminance of the 
subject room was set at 0 lux for simulating night-time condition and set at 300 lux for 
simulating the indoor viewing condition.  

Figure 2: Example of stimuli. (Top) positive polarity and (Bottom) negative polarity.

2.4 Experimental Procedure
There were two tasks for each subject. The first task was reading performance task. The 
subject was asked to report each random letter. The reading performance was calculated by 
percentage of correct answer. The second task was reading easiness task. When the subject 
saw the stimuli, they were asked to rate the easiness of reading with five levels of score 
from 0 to 4. While 0 means “unable to read/very difficult to read”, 4 means “very easy to 
read”. These two tasks were done in separated sessions. Therefore, in each session, the 
experimenter selected one of the experimental conditions from the combination of two 
illuminance levels (0 or 300 lux), two contrast polarities (positive or negative polarity) and 
two tasks (reading performance or reading easiness). The subject was asked to sit in the 
experimental room and look around inside the room for two minutes. After two-minute 
adaptation, a line of ten random Thai letters was presented. The subject was asked to 
complete either reading performance task or reading easiness task. After finishing each 
trial, the new 10 random letter with different luminance contrast was presented. The 
subjects repeated the tasks until all five luminance contrast were presented. 

3. RESULTS AND DISCUSSION

Positive Polarity (Dark Letter on White Background)
Figure 3 showed result of positive polarity. The two top panels showed results of reading
performance task, and the two bottom panels showed result of reading easiness task. The 
left and right panels showed result obtained under subject room’s illuminance at 0 and 300 
lux. Circle, square, and triangle represented average result obtained from young, simulated 
elderly, and elderly respectively. The dashed lines were the regression line which obtained 
by fitting the data with logistic functions as shown in Equation 1.

= ݕ  ଵ
ଵା (షೌೣష) (1)

For reading performance task, we calculated the minimum required contrast for good 
reading performance at 75% correct answer. The results were shown in Figure 4 (Left). It 
clearly showed that the result of the young was not the same as the elderly and the 
simulated elderly. The reading performance of the young was better than that of the other 
two groups. The young could also read lower contrast letter under both 0 and 300 lux 
conditions. However, there was difference between the real elderly and the simulated 
elderly. The Reading performance of the simulated elderly seems not to be strongly 
influenced by environment light. On the other hand, reading performance of the elderly 

ธ  ก  ค  ส  ช  พ  อ  ม  บ

ธ  ก  ค  ส  ช  พ  อ  ม  บ
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For reading performance task, we calculated the minimum required contrast for good 
reading performance at 75% correct answer. The results were shown in Figure 4 (Left). It 
clearly showed that the result of the young was not the same as the elderly and the 
simulated elderly. The reading performance of the young was better than that of the other 
two groups. The young could also read lower contrast letter under both 0 and 300 lux 
conditions. However, there was difference between the real elderly and the simulated 
elderly. The Reading performance of the simulated elderly seems not to be strongly 
influenced by environment light. On the other hand, reading performance of the elderly 

ธ  ก  ค  ส  ช  พ  อ  ม  บ

ธ  ก  ค  ส  ช  พ  อ  ม  บ

was significantly affected by environment. In case of 0 lux condition where all 
environments was dark but the adjacent background only looked bright, the reading 
performance was significantly lower than that in the 300 lux. 

For reading easiness task, we calculated the minimum required contrast for easy reading
at easiness score 3. The results were shown in Figure 4 (Right). The results showed that 
even all subjects could see the low contrast letter but they felt that the letter was uneasy or 
uncomfortable to read. They required contrast between letters and background at least -
0.528, 0.095 and 0.253 for the young, the simulated elderly and the elderly, respectively.

Figure 3: Result of positive polarity. (Top) reading performance task (Bottom) reading
easiness task.

Figure 4: Minimum required contrast for positive polarity from (Left) reading
performance task and (Right) reading easiness task.
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Figure 5: Result of negative polarity. (Top) reading performance task (Bottom) reading
easiness task.

Figure 6: Minimum required contrast for negative polarity from (Left) reading
performance task and (Right) reading easiness task.
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The results of negative polarity were shown in Figure 5 and 6. At any contrast level, the 
reading performance of the young was still better and the easiness score was still higher 
than the simulated elderly. These lowering reading performance and easiness score of the 
simulated elderly were mainly due to the cataract experiencing goggle. The goggle caused 
scattered light which disturbed the sharpness of letter and possibly covered some minor 
detail of the letter so that the subject could not clearly and comfortably see the letter.
However, we found that the room illuminance showed slightly effect on reading 
performance of the elderly. The minimum required contrast for the elderly under both case 
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Figure 5: Result of negative polarity. (Top) reading performance task (Bottom) reading
easiness task.

Figure 6: Minimum required contrast for negative polarity from (Left) reading
performance task and (Right) reading easiness task.
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were nearly identical. But the room illuminance strongly affected the reading performance 
of the young and the simulated elderly. The reading performance of both groups was 
suddenly declined when the room illuminance increased. We asked the subject to describe 
their perception. Both young and simulated elderly reported that when the room was bright 
(300 lux condition), they felt like a lot of reflected light come through their eyes.  This 
situation caused them to unable to see the bright letter on the black background clearly. But 
when we asked the elderly, they reported that no noticeable difference on their perception 
between 0 and 300 lux condition. This report was unexpected because we all know that the 
scattered light in the eye of the elderly and the scattered light from cataract experiencing 
goggle should be higher when the environment was bright. Therefore the elderly should be 
more under influence of room illuminance than the young. But our results contradict to this 
fact.  

4. CONCLUSIONS
Our results showed that the elderly required higher contrast letter than the young. For all 
groups of subject,  minimum required contrast for easy reading is higher than minimum 
required contrast for correct reading. Even though all groups of subject could read the low
contrast letter but they felt that the low contrast is uneasy to read.
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ABSTRACT
Color rendering is the effect of an illuminant to be tested on the color appearance of objects by 

conscious or subconscious comparison with their color appearance under a reference illuminant. Color 
rendering index have been developed as many different versions by related researchers. The CIE color 
rendering index (CIE-CRI) is the most widely used measure for quantifying and comparing the color 
rendering performance of light sources. However, several other color rendering measures, including 
CQS and CAM02UCS-CRI, are also being discussed in some specific fields such as estimating the 
color rendering of an illuminant for the purposes of preference color, natural color, or bigger color 
gamut. 

Most color rendering measures are concentrated on the precise rendering of a single color 
under the test illuminant comparing with the standard illuminant, and few studies estimate an 
illuminant by the rule of the color difference between color pairs. Hereby, this study focuses on the 
color discrimination of two colors under individual illuminants. Based on the psychophysical method 
of gray scale, a visual experiment was carried out to test the effects of LED lightings on the color 
discrimination of color pairs with Munsell color samples. A panel of 10 observers participated in 
the color discrimination evaluations under 12 lighting conditions, including 2 levels of illuminance 
and 6 correlated color temperatures (CCTs) ranged from 2000K to 10000K in a LED lighting booth. 
All the Munsell color samples were classified into 16 groups and each group involved a reference 
color sample and several test color samples. In every sample group, the color differences between 
the reference color and the test colors were either hue differences or value (lightness) differences or 
chroma differences.

The experimental results demonstrated that the illuminant had obvious impacts on the perception 
of color differences, and the effects were different for the color pairs with the differences of hue, 
lightness or chroma. Moreover, it is very difficult to assess the color difference of the colors with 
high lightness, such as yellow, under all lighting conditions even if their color differences between 
the reference and test colors are relatively great. A correlation analysis was implemented between 
the perception of color difference and the different color rendering measures of CIE-CRI, CQS, 
and CAM02UCS-CRI, which indicated that the degree of correlation depended on the type, i.e. hue 
difference, lightness difference or chroma difference, of color difference of the color pairs. Therefore, 
it needs to be also considered to involve the color difference evaluation of color pairs under different 
LED lighting conditions for the development of the new color rendering index.

 

 

Color rendering analysis based on color pair evaluation 
under different LED lighting conditions 

Qing WANG,1 Haisong XU,1,* Jianqi CAI,2 Wei YE 3 
1 State Key Laboratory of Modern Optical Instrumentation, Department of Optical 

Engineering, Zhejiang University 
2 Visual Health and Safety Institute, China National Institute of Standardization 

3 State Key Laboratory of Industrial Control Technology, Zhejiang University 

ABSTRACT 
Most color rendering measures are concentrated on the precise rendering of a single color 
under the test illuminant comparing with the standard illuminant, and few studies estimate 
an illuminant by the rule of the color difference between color pairs. Hereby, this study 
focuses on the color discrimination of two colors under individual illuminants. Based on 
the psychophysical method of gray scale, a visual experiment was carried out to test the 
effects of LED lightings on the color difference of color pairs with Munsell color samples. 
A panel of 10 observers participated in the color discrimination evaluations under 12 
lighting conditions, including 2 levels of illuminance and 6 correlated color temperatures 
(CCTs) ranged from 2000K to 10000K in a LED light booth. The experimental results 
indicate that the illuminant has obvious impacts on the visual color differences, but the 
effects are different for the color pairs with differences of hue, lightness or chroma. 

1. INTRODUCTION 
Solid-state lighting technology based on light emitting diodes (LEDs) is now emerging as a 
cost-competitive and energy efficient alternative to conventional lightings. The narrowband 
LED light sources make them different from other light sources and so are important for 
the evaluation of color rendering. One of the key characteristics of light sources for interior 
lighting is their color rendering property. If the color rendering is poor, the light source 
would not be useful for interior lighting. The CIE color rendering index (CIE-Ra) is the 
most widely used measure for quantifying the color rendering performance of light sources. 
However, many papers have been published that the CIE-Ra is not appropriate for 
evaluating the color rendering property of LED lighting (Ohno, 2005). Hence, some other 
matrics, such as CRI-2012 (Smet, 2013) and Color Quality Scale (CQS-Qa/-Qp) (Davis, 
2010), have been developed to focus on color fidelity or preference. In addition, the color 
discrimination index (CDI) (Thornton, 1972) suggested by Thornton evaluates color 
appearance under the illumination provided by the conventional light sources, which is 
used to predicte how well the lighting can discriminate color differences in hue. 

2. METHOD 

2.1 Sample Preparation 
Almost all procedures for color rendering evaluation are based on the calculation of the 
color rendering of either a set of selected multiple color samples or of a gamut of colors. 
This is correct when the spectrum of the light source is more or less continuous. However, 
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the uneven spectra of LED light sources make it difficult to account for the color 
differences that occur with many different color samples. Hereby, this study focuses on the 
color discrimination of two colors under individual illuminants. In this study, the 6 test 
CCTs of 2000 K, 2700 K, 3450 K, 5000 K, 6500 K and 10000K as well as 2 illuminance 
levels of 500 lx, and 1000 lx were adopted, which were combined as 12 predefined lighting 
conditions in total. All experimental setups were achieved by a light booth of Just 
Normlicht consisting of six kinds of narrowband LEDs with wavelength peaks across the 
visible spectrum, with its inner wall being painted as the neutral color of Munsell N6. The 
measured relative spectral power distributions (SPDs) of the 12 test lighting conditions 
actually used in the assessments, via the tele-spectroradiometer of Konica Minolta CS-
2000, are shown in Figure 1. A panel of 10 subjects with normal color vision participated 
in the visual experiments, all of whom were graduate students in Zhejiang University.  

 
Figure 1: The relative spectral power distributions of 12 test lighting conditions.  

A total of 16 groups of color samples were selected from Munsell color order system, as 
listed in Table 1, including all the 5 primary hue and 5 middle hue. Each color sample 
group comprised a reference color sample and several test color samples, and the color 
differences between the reference color and the test colors were one of the three cases, i.e. 
hue differences or chroma differences or lightness differences. Therefore, there were 73 
pairs of color differences in total, involving 16 pairs of hue differences, 26 pairs of 
lightness differences, and 31 pairs of chroma differences. 

Table 1. The 16 groups of color samples selected from Munsell color order system. 

Reference Test color samples 
5Y6/4 7.5Y6/4 5Y5/4 5Y7/4 5Y6/6 5Y6/2  
5GY6/8 2.5GY6/8 5GY6/10 5GY6/6 5GY7/8 5GY5/8  
2.5G6/6 5G6/6 2.5G6/8 2.5G6/4 2.5G7/6 2.5G5/6  
10BG6/4 10BG6/2 2.5BG6/4 7.5BG6/4 10BG7/4 10BG6/6 10BG5/4 
10P6/8 10P7/8 10P6/10 2.5RP6/8 10P6/6 7.5P6/8 10P5/8 
5Y8/10 5Y8/8 5Y8.5/10 5Y7/10 5Y8/12   
5YR8/4 7.5YR8/4 2.5YR8/4 5YR8/2 5YR8/6 5YR7/4  
7.5P4/10 7.5P3/10 7.5P5/10 7.5P4/12 10P4/10 7.5P4/8 5P4/10 
10PB4/10 10PB3/10 10PB4/12 10PB5/10 10PB4/8   
7.5B5/10 7.5B4/10 5B5/10 7.5B6/10 10B5/10 7.5B5/8  
7.5GY7/10 7.5GY6/10 7.5GY8/10 7.5GY7/8 5GY7/10   
2.5GY8/10 2.5GY7/10 2.5GY8/12 2.5GY8/8    
10YR7/12 10YR7/14 10YR7/10 10YR6/12 10YR8/12   
10R6/12 2.5YR6/12 10R5/12 10R6/10 10R6/14   
5R4/14 5R4/12 5R5/14 7.5R4/14    
7.5RP4/12 7.5RP5/12 7.5RP4/10 5RP4/12 10RP4/12   
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2.2 Experimental Procedure 
The experiment was carried out in a dark room with a psychophysical method of gray scale, 
and all the subjective estimations must rate the color differences of the Munsell sample 
pairs by referring the gray scale. Note that there are 9 levels of gray scales at the interval of 
0.5, with the lowest gray scale of 1 representing the largest color difference and the greatest 
scale of 5 labelling the least color difference. The viewing angles for each color pair was 2° 
with the illumination and viewing geometry of 45/0. The whole experiment was divided 
into 12 sessions according to the 12 test lightings assigned randomly to the subjects, and in 
each session all the 73 color pairs must be rated by the individual subjects. A brief 
description about the experiment was presented to the subjects before each session, which 
began with a 3-min dark adaptation. Next, at the beginning of each test lighting condition, 
1-min light adaptation was carried out (Ohta, 2006), and then the subjects were asked to 
estimate the color differences. Totally 8760 assessments were collected from this study [10 
subjects × 73 pairs × 6 CCTs × 2 illuminances]. 

3. RESULTS AND DISCUSSION 

3.1 Chromaticity differences of 73 color pairs under 6 CCT LED lightings 
As some typical examples, Figure 2 depicts the chromaticity coordinates of the reference 
colors and their corresponding test colors for 4 groups of color samples in CIE1976UCS 
under the 6 CCTs of LED lightings, respectively. The 6 dots in each subfigure represent the 
chromaticity coordinates of the reference color for the corresponding color group under the 
6 CCT lightings, respectively, and the crosses label the chromaticity coordinates of the test 
colors and the lines illustrate the differences of chromaticity coordinates between the 
reference and the test colors.  

 

Figure 2: The chromaticity coordinates differences of 4 groups of color samples as typical 
examples under 6 CCTs of LED lightings, respectively, in CIE1976UCS diagram. 

As shown in Figure 2, the chromaticity differences between the reference color 5YR8/4 
and the test color 5YR8/2 under the CCT 2000 K is extremely large with comparison to 
those under the other 5 CCT lightings, implying that 2000 K is the most appropriate 
condition for discriminating this color pair among the 6 tested CCT LED lightings. While 
the chromaticity differences of the reference color 10PB4/10 with its test colors are very 
small under 2000 K, which indicates that the purple-blue is very difficult to be 
distinguished under such a low CCT of lighting. Moreover, the reference color 5R4/14 and 
its test colors show the largest chromaticity differences under 10000 K, which means so 
high a CCT as 10000 K is a rather helpful LED lighting condition for distinguishing the 
highly chromatic red colors. These results indicate that a lighting condition would induce 
great color differences for some specific colors but little color differences for other colors. 
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Therefore, a hypothesis could be proposed that a lighting endowed with high color 
discrimination property would show large mean color difference for the test color pairs. 

3.2 Correlation of visual color difference with color rendering indices 
In the gray scale comparison experiment, the subjective assessment for pairs of color 
differences was refereed by the grade values (G) of 9 levels gray scale, which must be 
converted into the visual color differences (ΔV). To do this, the transfer equations were fit 
between the ΔE*

ab values of the 9 gray scales and the corresponding grades (G). With the 
quadratic equations, the ratings of 73 Munsell test color pairs can be converted to their 
visual color differences (ΔV), which could be regarded as the indicators to analyze the 
color discrimination property of the light source. Table 2 lists the Pearson correlation 
coefficients between the visual color differences (ΔV) and several related color rendering 
indices for the sample pairs, respectively, with hue difference, chroma difference, lightness 
difference, as well as all the test sample pairs. Among all cases, hue differences have 
relatively high correlations with all color rendering indices except for CRI-2012 (with s-
curve function and simulated samples in its calculation, rather different from others), which 
means that hue difference is the most obvious component of the total color difference and 
so contributes evidently to the color rendering metrics of the lightings. On the other hand, 
CDI shows the strongest correlation with the hue difference due to its focusing on the color 
discrimation property of light sources by computing the gamut area of object colors in 
uniform chromaticity diagram. However, the correlations of ΔV with the related color 
rendering indices for the color sample pairs of chroma difference, lightness difference and 
overall color difference are poor, indicating no significant relevancy between them. 

Table 2. The Pearson correlation coefficients betwen the visual color difference (ΔV) and 
the related color rendering indices. 

ΔV CIE-Ra CQS-Qa CQS-Qp CRI-2012 CDI 
Hue difference 0.64 0.51 0.58 -0.12 0.90 

Chroma difference 0.03 0.02 0.33 -0.05 0.55 
Lightness difference -0.24 -0.10 0.15 0.20 -0.31 

Overall color difference 0.26 0.24 0.45 0.01 0.48 

 
Figure 3: The relationships of hue differences with CIE-Ra (a) and CDI (b). 

As mentioned above, the sample pairs with hue differences appear high correlations with 
the color rendering indices, among which CDI achieves the greatest Pearson correlation 
coefficient. Figure 3 illustrates the relationships between hue differences and CDI values, 
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along with CIE-Ra, the present standard, as a comparison. The very likely reason may be 
that the indices except for CDI mainly focus on the fidelity or preference rather than the 
color discrimination property of the tested light sources. Thereby, a further study will be 
carried out in the future to investigate the essential relationships between the color 
discrimination ability and color rendering property of the LED lighting. 

4. CONCLUSIONS 
In this study, a psychophysical experiment was implemented to discuss the color 
discrimination property of LED light sources via the gray scale method using color sample 
pairs with various color differences under 12 lighting conditions. It is indicated that the 
LED lightings have obvious impacts on the visual color differences, while the effects are 
dependent upon the type of color differences, i.e. hue difference, chroma difference or 
lightness difference. In detail, hue difference shows strong correlation with CDI among all 
the situations. Hence, it needs further investigation to explore a way of assessing the color 
rendering property of an LED light source based on its color discrimination characteristics. 
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ABSTRACT
When the inner and outer outlines of shapes are painted with two colors, the inner color appears 

to spread out. This phenomenon is called a ‘watercolor illusion’. In previous studies, we clarified 
that the combinations of outline colors that increase the perceptual whiteness of a watercolor illusion 
fig re ere e inner o t ine co or   e o  o ter o t ine co or  re  inner o t ine co or   green 
(outer outline color), and blue (inner outline color) – green (outer outline color). Furthermore, we 
a ocate  t e o ter o t ine co or o  t e aterco or i ion fig re on ot  i e  o  an inner ite co or 
to config re gro n  co or  e t en a e  t e ori onta  tri e  o  t e inner o t ine co or o er t e 
ground colors so as to create a new stimulus. We investigated the whiteness perception using the new 
tim  e t en c arifie  t at t e itene  erce tion i  a mo t t e ame or ot  t e aterco or 

illusion figure and the horizontal stripe pattern. However, these findings were from subjects with 
normal color vision and we did not touch upon the whiteness perception of subjects with color vision 

eficienc  n t i  t  e in e tigate  t e i erence o  itene  erce tion ca e   t e co or 
i ion c aracteri tic  ing t e aterco or i ion fig re an  t e ori onta  tri e attern

The subjects consisted of 12 participants with normal color vision (N-type), six participants with 
Dichromatic Protanopia (P-type), and eight participants with dichromatic Deuteranopia (D-type). The 

aterco or i ion fig re an  t e ori onta  tri e attern ere e  a  tim i  e com ination  o  
co or  ere e inner o t ine co or o  t e aterco or i ion fig re  fig re co or o  t e ori onta  
stripe pattern) – yellow (outer outline color of the watercolor illusion figure, ground color of the 
ori onta  tri e attern  e o  inner  fig re   e o ter  gro n  re  inner  fig re   green o ter  

gro n  green inner  fig re   re  o ter  gro n  e inner  fig re   green o ter  gro n  an  
green inner  fig re   e o ter  gro n  e ect  com are  t e itene  et een t e e  
yellow and the yellow – blue color combinations, between the red – green and the green – red color 
combinations, and between the blue – green and the green – blue color combinations.

From the experimental results, any clear difference of the whiteness perception between the 
aterco or i ion fig re an  t e ori onta  tri e attern a  not o er e  ent  t ree o t o  a  
 ect  re orte  eeing eit er ite c ear ite an  i i  ite  or t e e inner  fig re  

– yellow (outer, ground) color combination. No difference was observed on the whiteness perception 
et een t e t e an  t e co or i ion eficienc  ect  or t i  co or com ination  o e er  or 

t e re  inner  fig re   green o ter  gro n  com ination  t e ma orit  o  t e P t e ect  ga e 
an er  o  ite  i i  ite  an  ri iant ite  e ma orit  o  t e t e ect  ga e 
an er  o  rig t ite  ea ti  ite  an  ite  or t e green inner  ig re   re  o ter  
gro n  com ination  or t e green inner  fig re   e o ter  gro n  com ination  t e ma orit  o  
t e t e ect  ga e an er  o   ite  e o i  ite  an  c o  ite  t t e co or 
i ion eficienc  ect  i  not gi e a imi ar re on e
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ABSTRACT 
The relationship between how the white color regions of graphics are perceived and the 
color vision characteristics for the subjects with normal color vision and defective color 
vision was studies by using the conventional watercolor illusion graphics and newly-
developed watercolor illusion graphics. The results revealed that the whiteness perception 
and the evaluation tendencies of the color in the white region were nearly identical 
regardless of color vision characteristics in both graphics. 

1. INTRODUCTION 
When a double-lined outline of a graphic is drawn in two chromatic colors, the color of the 
inner outline looks like bleeding in the enclosed regions. This phenomenon is known as the 
watercolor illusion (Pinna et al. 2001). Until today, we have shown that the perceived 
whiteness of the regions enclosed with the double-lined outlines varies with the 
combination of outline colors and that the combination of a blue inner line and a yellow 
outer line, a red inner line and a green outer line, or a blue inner line and a green outer line 
can increase the whiteness perception (Isawa and Suzuki 2011, 2012). In addition, we 
invented a new watercolor illusion graphic with horizontal stripes drawn in two chromatic 
colors and evaluated the perceived whiteness of the white region to confirm the same result 
as in the case of conventional watercolor illusion graphics (Isawa et al. 2009, Isawa and 
Suzuki 2014). However, it is unknown that whether or not the change in the whiteness 
perception attributed to the optic illusion occurs among the subjects with defective color 
vision because the series of research targeted the subjects with normal color vision. Thus, 
this study investigated the relationship between the whiteness perception of the watercolor 
illusion and the color vision characteristics of subjects. 

2. EXPERIMENTAL OVERVIEW 
The subjects consisted of 12 participants with normal color vision (N-type), 11 participants 
with protanopia or protanomaly (P-type), and 11 participants with deuteranopia or 
deuteranomaly (D-type). 

The conventional watercolor illusion graphics and the new watercolor illusion graphics 
consisting of horizontal stripes in two chromatic colors were used as stimuli to be 
evaluated. In the new graphic, the outer colors of the double-lined outlines in the 
conventional graphic are placed on both sides of the white color region, and the horizontal 
stripes of the inner colors of the double-lined outlines are overlapped on them. In the 

835
AIC2015 TOKYO - Color and Image



 

 

following descriptions, the conventional watercolor illusion graphic is hereinafter referred 
to as WC, and the newly-developed watercolor illusion graphic as HS for simplicity. The 
stimuli placing the WC and the HS on the left and the right were presented to the subjects 
and the subjects were asked to compare the whiteness of each white color region. Three 
combinations of graphics were presented and were shown in Figure 1. The stimuli were 
printed on the photo papers.  

3. RESULTS AND DISCUSSION 
All the subjects answered that the whiteness in the white region seemed different between 
the right and the left graphics on both the WC and the HS, except for the Combination 2 
(combination of red and green). For the Combination 2, extremely few subjects with 
defective color vision answered that the whiteness in the white region in both left and right 
graphics seemed the same. Table 1 shows the number of the subjects who answered that 
the white region in the left and right graphics seemed the same. The denominator of each 
cell indicates the number of subjects. 

For the Combination 1, regardless of color vision characteristics, 28 subjects out of all 
the 34 subjects answered that the white regions in the WC_L and the HS_L are “whiter”, 
“more clearly white” and “more vividly white” when comparing to the ones in the WC_R 
and the HS_R. For the Combination 2, more than half of the P-type subjects answered that 
the white regions in the WC_L and the HS_L are “more clearly white”, “more vividly 
white” and “more freshly white” when comparing to the ones in the WC_R and the HS_R. 
However, more than half of the D-type subjects answered that the white regions in the 
WC_R and the HS_R are “more brightly white”, “more beautifully white” and “whiter” 
when comparing to the ones in the WC_L and the HS_L. Two-thirds of the N-type subjects 

WC HS WC HS WC HS
N-type 0/12 0/12 0/12 0/12 0/12 0/12
P-type 0/11 0/11 1/11 1/11 0/11 0/11
D-type 0/11 0/11 2/11 0/11 0/11 0/11

　 Blue-Yellow Red-Green Blue-Green
Combination_1 Combination_2 Combination_3

Table 1: Number of the subjects who did not distinguish the whiteness difference 
between the left and the right graphics. 

Figure 1: Stimulus combinations used in the experiment. 
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answered that the white region in the WC_L is “whiter” for the WC graphics; however, a 
little less than half of the N-type subjects answered that the white region in the HS_L is 
“whiter” for the HS graphics. Thus, a difference was found between the WC and the HS 
graphics. For the Combination 3, regardless of color vision characteristics, majority of the 
subjects answered that the white regions in both the WC_L and the HS_L are “whiter” 
when comparing to the ones in the WC_R and the HS_R. Most of the N-type subjects 
described the white regions of the WC_R and the HS_R as “yellowish white”, while only a 
few of the P-type and the D-type subjects described them as “yellowish white”. Table 2 
shows the main results on how the subjects described the appearance of the white region of 
each graphic.  

Table 2:  Summary of the answers obtained from the subjects. 

n ompari on wit
Ri t e t loo

n ompari on wit
e t Ri t loo

n ompari on wit
Ri t e t loo

n ompari on wit
e t Ri t loo

w iter dull yellow lear bri t w ite dull w ite
lear w ite yellowi w iter yellow w ite
tron w ite dull lear w ite yellowi
tron w ite yellowi lear i id w ite dull yellow
lear w ite dull and yellowi w ite lear w ite yellowi
w iter yellowi w ite bri t tron w ite yellowi w ite
w iter a little yellowi w iter yellowi

lear and blui w ite yellowi w ite tron w ite yellowi w ite
blui w ite dull and rayi blui w ite natural w ite

n ompari on wit
Ri t e t loo

n ompari on wit
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n ompari on wit
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n ompari on wit
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pin i w ite a little ooli w ite lear w ite a little reeni w ite
pale pin reeni w ite pin i w ite w iter
w iter reeni pale pin reeni

lear w ite a little w ite lear w ite a little dull
w iter le i id w ite w ite a little dar and yellowi

a little pin imple w ite a little pin a little reeni
a little reddi w iter reddi w iter

yellowi li t w ite a little pin lear w ite
dull w ite a little reeni pin i li t and w ite

n ompari on wit
Ri t e t loo

n ompari on wit
e t Ri t loo

n ompari on wit
Ri t e t loo
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w iter reeni blui yellowi w ite
w iter a little yellowi lear and i id w ite a little yellowi
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N-type

P-type

D-type

N-type

P-type

D-type

N-type

P-type

Blue-Green
WC HS

D-type

Blue-Yellow
WC Water olor illu ion HS Hori ontal Stripe pattern

Red-Green
WC HS
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Reading through the answer results of the subjects, there is no effect of color vision 
characteristics on the whiteness perception due to the watercolor illusion in blue/yellow 
and blue/green combinations, while the whiteness perception varied depending on the color 
vision characteristics in red/green combination. In addition, for the combination of red and 
green, N-type subjects’ whiteness perception due to the watercolor illusion was found to 
differ between the WC and the HS graphics. 

4. CONCLUSIONS 
The effect of chromatic color combinations on the whiteness perception in the watercolor 
illusion graphic was studied on the subjects with normal color vision and the subjects with 
defective color vision by using two types of watercolor illusion graphics.  The results are 
summarized below. 

(1) It was found that the change of whiteness perception attributed to the watercolor 
illusion was nearly in common regardless of the color vision characteristics. 

(2) When combining red and green, it was found the whiteness perception in the white 
region was slightly different depending on the color vision characteristics. 

(3) Excluding the combination of red and green, no difference in the whiteness perception 
in the white region was found between the conventional watercolor illusion graphics 
and the newly-developed watercolor illusion graphics.  
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ABSTRACT
Visual saliency maps code topographically local conspicuity over the entire scene. They are 

based on image properties such as color, luminance or orientation. Studies in humans have shown that 
co or can in ence i a  attention t on  e  t ie  concentrate on t i  i e P  re  et a  
Journal of Vision, 8(14):6, 1–17 (2008); Amano and Foster, J. Opt. Soc. Am. A31, 4, 254-262 (2014)]. 
And because object colors depend on both the spectral reflectance of the surfaces and the spectral 
o er i tri tion SP  o  t e ig t im inging on t em it i  a i e to c ec  a o t e in ence o  

t at SP  on t e a ienc  ma  o  co or image  e e  a et o  nat ra  an  artificia  image  ic  
were decomposed into their Luminance (Lum), Red-Green (RG) and Blue-Yellow (BY) channels 
an  ere c a ifie  accor ing to t eir emantic content  mage  ere im ate  n er a ig t  it  
Correlated Color Temperatures (CCT) from 2,735K to 25,889K and the saliency maps for each channel 
were computed using the Itti-Koch saliency algorithm implemented by J. Harel [http://www.klab.
caltech.edu/~harel/share/gbvs.php]. Preliminary results suggest low differences among the saliency 
maps under different daylight CCTs, being minimum and maximum along the RG and Lum channels, 
respectively.

INFLUENCE OF DAYLIGHT ILLUMINATION IN 

THE VISUAL SALIENCY MAP OF COLOR SCENES. 

 

!

Juan OJEDA, Juan Luis NIEVES and Javier ROMERO 

Department of Optics, Faculty of Sciences, University of Granada 

ABSTRACT 

Visual saliency maps code topographically local conspicuity over the entire scene. They 

are based on image properties such as color, luminance or orientation. And because object 

colors depend on both the spectral reflectance of the surfaces and the spectral power 

distribution (SPD) of the light impinging on them it is plausible to check also the influence 

of that SPD on the saliency maps of color images. Preliminary results suggest some 

differences among the saliency maps under different daylight correlated color temperatures 

(CCTs), being minimum and maximum along the Orientation and BY channels, 

respectively. 

 

1. INTRODUCTION. 

The color signal of objects depend on the spectral reflectance of their surfaces and the SPD 

of the light impinging on them. The aim of this study is to determine the influence of 

daylight in the saliency maps of color images.  

Studies in humans have shown that color can influence visual attention but only few 

studies concentrate on this issue. Amano and Foster (2014) found local color properties 

yield a better explanation of fixation position than other local achromatic properties. 

Hamel et al. (2014) improve the predictive power of Marat saliency model for video 

(2009) by incorporating color information to it. The analysis of neurophysiologically 

relevant color features by Frey et al. (2008) shows that the influence of color on overt 

attention depends on the type of image.    

The saliency map is a biologically plausible model for bottom-up overt attention 

proposed by Koch and Ullman in 1985. In the review of the model by Itty et al. (1998), the 

visual saliency maps are topographical codifications of fixation position in visual search 

over the entire scene based on different image features such as luminance, orientation or 

color.   

2. METHOD AND RESULTS. 

 

In this work we have used a set of 1100 RGB 400x400 pixels images sorted in different 

semantic categories: Forests, Fields, Shores, Mountains, Beaches, Rivers (these six belong 

to Natural images) and Highways, Cities, Buildings, Interiors and Streets (that belong to 

Non-natural or artificial images). Every category has two subcategories: with or without 

objects pictures. The pictures are from the authors and from the SUN Database (Xiao et al. 

2010).   
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2.1 Images simulation under different SPD of daylight. 

Every RGB image was normalized to the range [0..1] and simulated under five different 

SPD of daylight characterized by their respective CCTs: 2735K, 4505K, 6479K, 10181K 

and 25889K between 400-700 nm. The simulation was made using Judd color matching 

functions (Judd 1951) and the Bradford chromatic adaptation matrix (Süsstrunk et al. 

2001)  

The real daylight SPDs were measured in Granada, Spain, from sunrise to sunset under 

different atmospheric conditions and covering a vast range of CCTs from 4800 up to 

30,000 K (Hernández-Andrés et al. 2001). The simulated daylight SPDs were obtained 

with SBDART, a software tool to compute plane-parallel radiative transfer energy in clear 

and cloudy conditions within the Earth’s atmosphere and at the surface (Ricchiazzi et al 

1998) to cover CCTs below 4800 K. 

Figure 1 shows an example (Forest picture with objects) of simulated images under the 

working SPDs of this work. We can see how the appearance of the image depends on CCT, 

the image looks more bluish when CCT is high and reddish when CCT is small. But is 

there any influence and/or change in the saliency maps for different CCTs? 

Original Picture 2735K 4500K 

 
  

6479K 10181K 25889K 

  

 

Figure 1. Original and simulated pictures under five illuminants of CCTs 2735K, 45005K, 

6479K, 10181K and 25889K. 

2.2 Saliency maps of color images under different daylight. 

In the Itti-Koch algorithm (Itti et al. 1998) every picture is separated by linear filtering in 

three features: Intensity (Luminance), Color (which is classified in two opposite chromatic 

sub channels RG and BY) and Orientation (which is divided in four sub channels for 

different angles). The features maps are computed by a set of center-surround differences 
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2.2 Saliency maps of color images under different daylight. 

In the Itti-Koch algorithm (Itti et al. 1998) every picture is separated by linear filtering in 

three features: Intensity (Luminance), Color (which is classified in two opposite chromatic 

sub channels RG and BY) and Orientation (which is divided in four sub channels for 

different angles). The features maps are computed by a set of center-surround differences 

between a center fine scale and a surround coarser scale defined as the interpolation to the 

finer scale and a point-by-point subtraction.  

A map normalization operator N (.) is applied to the features maps to globally promote 

them with a small number of strong peaks of activity (conspicuous locations) and suppress 

them with numerous comparable peak responses. These normalized features maps are 

reduced to central scale and added point-by-point yielding three conspicuity maps: 

Intensity, Color and Orientation. The saliency map is the average of the three conspicuity 

maps normalized  by N (.) operator.  

The Itti algorithm implemented by Harel (2013), which is a simplified version of Itti-

Koch algorithm, was applied to the simulated images using a 0.5 threshold value. The 

conspicuity maps for each channel (including RG and BY chromatic sub channels) and the 

picture saliency map were found.  

In Figure 2 we can see an example of conspicuity and saliency maps for a Forest picture 

with objects. The rows correspond to Luminance and Orientation channels, Chromatic RG 

and BY sub channels conspicuity maps and the global saliency map of the picture, columns 

show the CCTs of the different illuminant used in the study. Figure 2 suggest some 

changes in the color saliency maps (across their RG and BY sub channels) depending on 

the CCT. 
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Figure 2. Example of the Luminance (LUM), Chromatic RG and BY sub channels and 

Orientation conspicuity maps and the saliency map (GLOBAL)  of an image under five 

illuminants of CCTs 2735K, 45005K, 6479K, 10181K and 25889K. 

To test if those changes were or not relevant the percentage of number of pixels with 

saliency above the threshold was calculated as a measure of the saliency for every channel 

of the pictures. Figure 3 shows the average percentage of pixels above 0.5 for natural and 

artificial images for Lum and Orientation channels, RG and BY chromaticity sub channels 

under the different illuminants. 

a 

 

b 

 

c 
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saliency above the threshold was calculated as a measure of the saliency for every channel 

of the pictures. Figure 3 shows the average percentage of pixels above 0.5 for natural and 

artificial images for Lum and Orientation channels, RG and BY chromaticity sub channels 

under the different illuminants. 

a 

 

b 

 

c 

 

d 

 

 

Figure 3. Graphs of the average percentage of pixels with saliency above 0.5 as a function 

of CCT: Luminance (a), RG (b) and BY (c) Chromaticity sub channels and Orientation (d). 

Figure 4. Graph of the average percentage of pixels with saliency above 0.5 as a function 

of CCT in the Color channel. 

 

3. CONCLUSSIONS 

In the range of working daylights used (CCT from 2,735 K to 25,889 K) Figure 3 results 

suggest differences among the saliency maps. These differences are minima in the 

Orientation channel and significant for the two chromatic RG and BY (maxima) sub 

channels. 

Nevertheless those differences are small if we consider just one Color channel instead 

of two separately RG and BY sub channels in the Itti-Koch algorithm (Figure 4). It is a 

matter of further analysis to study if the use of combined or separately chromatic channels 

can influence invariant features (including conspicuity maps) linked to the pictures. 

 

ACKNOWLEDGMENTS 

This work was funded by the Spanish Ministry of Economy and Competitiveness through 

the research project DPI2011-23202. 

 

843
AIC2015 TOKYO - Color and Image



REFERENCES 

Amano K. and D.H. Foster 2014. Influence of local scene color on fixation position in visual 

search. J. Opt. Soc. Am. A. 31: 254 – 262. 

Frey H-P.,  C. Honey and P. König 2008. What’s color got to do with it? The influence of color on 

visual attention in different categories. Journal of Vision 8(14):6 : 1–17. 

Hamel S., N. Guyader, D. Pellerin, and D. Houzet 2014 Contribution Of Color Information In 

Visual Saliency Model For Videos. In 6th International Conference on Image and Signal 

Processing 2014 (ICISP 2014), Jun 2014, Cherbourg, France. 

Harel J 2013. A Saliency Implementation in MATLAB. Available online 

http://www.klab.caltech.edu/~harel/share/gbvs.php 

Hernández-Andrés J., J. Romero, J.L. Nieves and R.L.Jr. Lee 2001. Color and spectral analysis of 

daylight in southern Europe. J. Opt. Soc. Am. A. 18: 1325-1335. 

Itti L., C. Koch and E. Niebur 1998. A model of saliency-based visual attention for rapid scene 

analysis. IEEE Transactions on Pattern Analysis and Machine Intelligence, 20: 1254–1259. 

Judd, D. B. 1951. Report of U.S. Secretariat Committee on Colorimetry and Artificial Daylight. In 

Proceedings of the Twelfth Session of the CIE, Stockholm (vol. 1, pp. 11). Paris: Bureau 

Central de la CIE . 

Koch C. and S. Ullman 1985. Shifts in selective visual attention: Towards the underlying neural 

circuitry. Human Neurobiology, 4: 219–227. 

Marat, S., T. Ho Phuoc, L. Granjon, N. Guyader, D. Pellerin and A. Guérin-Dugué 2009.  

Modelling spatio-temporal saliency to predict gaze direction for short videos. International 

Journal of Computer Vision 82(3) 231–243 

Ricchiazzi P., S. Yang, C. Gautier and D. Sowle 1998. SBDART: a research and teaching software 

tool for plane-parallel radiative transfer in the earth’s atmosphere. Bull. Am. Meteorol. Soc.: 

2101–2114. 

Süsstrunk, S., J. Holm and G.D. Finlayson 2001. Chromatic Adaptation Performance of Different 

RGB Sensors. Proc. IS&T/SPIE Electronic Imaging 2001: Color Imaging, Vol. 4300: 172-

183. 

Xiao J., J. Hays, K. Ehinger, A. Oliva and A. Torralba 2010. SUN Database: Large-scale Scene 

Recognition from Abbey to Zoo. IEEE Conference on Computer Vision and Pattern 

Recognition. 

      Address: Juan Luis Nieves, Dept. of Optics, Faculty of Sciences,                                         

University of Granada, Campus Fuentenueva, 18151-Granada, SPAIN                                                                                      

E-mails: jojojog@hotmail.com, jnieves@ugr.es, jromero@ugr.es 

 

 

 

 

844
AIC2015 TOKYO - Color and Image



PS1-80

Comparison between Multispectral Imaging Colors of Single Yarns 
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ABSTRACT
The state-of-the-art multispectral imaging system can directly acquire the color of a single 

yarn that is impossible for traditional spectrophotometers. Instead, single yarns are winded on a 
background card to constitute yarn swatch, which spectrophotometric color is regarded as the yarn 
color and is utilized to color matching and color reproduction in textile. While colors of single yarns 
and corresponding yarn swatches can be separately acquired by multispectral imaging systems 
and spectrophotometers, comparison between single yarn color and yarn swatch color acquired by 
these two types of instruments is not yet well investigated. This paper comparatively studies the 
multispectral imaging colors of single yarns and spectrophotometric colors of corresponding yarn 
swatches using 100 pairs of single yarn and yarn swatch samples. The colors of the yarn swatch 
samples were measured by a desktop spectrophotometer Datacolor 650. The colors of the single yarn 
samples were acquired by a multispectral imaging system, namely Imaging Colour Measurement (ICM). 
A single yarn was segmented from the background by an image difference method and its multispectral 
imaging reflectance was specified as the average reflectance of all the pixels on it. Lightness (L*), 
hue (a* and b*), as well as color difference between the multispectral imaging colors of single yarns 
and spectrophotometric colors of corresponding yarn swatches were detailed analyzed. Experimental 
results show the following: 1) the lightness of a single yarn measured by ICM approximates 0.91, 0.91, 
and 0.90 times that of the corresponding yarn swatch measured by spectrophotometer under the CIE 
Standard Illuminants D65, F2, and illuminant A; 2) a single yarn measured by ICM is 0.88 times a* 
value of the corresponding yarn swatch measured by spectrophotometer under D65, F2, and illuminant 
A; 3) the b* attribute of a single yarn measured by ICM approximates 0.91, 0.91, and 0.90 times as 
large as that of the corresponding yarn swatch measured by spectrophotometer under D65, F2, and 
illuminant A; 4) the mean color difference between the single yarns measured by ICM and the yarn 
swatches measured by Datacolor 650 under 9 CIE Standard Illuminants (Illuminant A, Illuminant C, 
D50, D55, D65, D75, F2, F7, and F11) is 2.79 CMC(2:1) units.

 

 

Comparison between Multispectral Imaging Colors of 
Single Yarns and Spectrophotometric Colors of 

Corresponding Yarn Swatches 
Lin LUO,1 Hui-Liang SHEN,2  Si-Jie SHAO,1 John H. XIN1 

1 Institute of Textiles & Clothing, The Hong Kong Polytechnic University 
2 Department of Information Science and Electronic Engineering, Zhejiang University 

ABSTRACT 
While colors of single yarns and yarn swatches can be separately acquired by multispectral 
imaging systems and spectrophotometers, color comparison between single yarn and yarn 
swatch has not yet been well investigated. This paper compares multispectral imaging colors 
of single yarns and spectrophotometric colors of corresponding yarn swatches, using 100 
pairs of single yarn and yarn swatch samples. Colors of the yarn swatch and single yarn 
samples were measured by a spectrophotometer Datacolor 650 and a multispectral imaging 
system, namely Imaging Colour Measurement (ICM), respectively. Lightness (L*) and hue 
(a* and b*) distributions, as well as color difference between single yarn and yarn swatche 
were analyzed in detail. Experimental results show that lightness (L*) and hue (a* and b*) 
values of single yarns acquired by multispectral imaging system are approximately 0.91, 
0.88, and 0.91 times those of yarn swathes measured by spectrophotometer. The average 
color difference between single yarns and yarn swatches is 2.79 CMC(2:1) units. 

1. INTRODUCTION 
In textile and garment industries, spectrophotometers are widespread instruments that 
measure colors of fabrics. However, spectrophotometers cannot acquire spectral reflectance 
of single yarns but yarn swatches, which are individual yarns winded on a background card. 
A spectrophotometer can only measure the average color of a sample area presented in the 
aperture (Luo 2014). A single yarn is too small to cover the entire aperture of a 
spectrophotometer. In contrast, multispectral imaging (MSI) systems (Luo 2013, Shen 
2007a, Shen 2007b) can provide not only the spectral information but also the spatial 
information of a sample. The spatial information facilitates direct color measurement of 
single yarns from multispectral images. 

While colors of single yarns and yarn swatches can be separately acquired by 
multispectral imaging systems and spectrophotometers, color comparison between single 
yarn and yarn swatch has not yet been well investigated. This paper compares colors of 
single yarns and yarn swatches measured by multispectral imaging system and 
spectrophotometer using 100 pairs of single yarn and yarn swatch samples. 

2. METHOD 

2.1 Sample Preparation 
100 pairs of single yarn and yarn swatch samples were prepared to carry out the experiment. 
These samples were collected from a garment manufacturing company in Hong Kong. The 
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material of these samples was cotton and yarn count was 80 Ne. As shown in Figure 1, 
single yarns (Figure 1a) were carefully winded on a white background card to constitute 
yarn swatches (Figure 1b). 

  
(a) (b) 

Figure 1: Example of single yarns and corresponding yarn swatches. (a) single yarns; (b) 
corresponding yarn swatches.  

2.2 Spectrophotometric Measurements 
A Datacolor 650 spectrophotometer was employed to acquire reflectance of the yarn 
swatches. All the measurements were conducted under the 1964 CIE standard observer. 
The specular component excluded (SCE) and UV excluded modes were applied. Figure 2a 
shows reflectance of the 100 yarn swatches measured by the Datacolor 650.  

  
(a) (b) 

Figure 2: Reflectance of yarn swatch and single yarn samples measured by Datacolor 650 
and ICM. (a) reflectance of yarn swatches; (c) reflectance of single yarns. 

2.3 Multispectral Imaging Measurements 
The reflectance of single yarns was acquired by a multispectral imaging system, namely ICM 
(Luo 2014). The ICM system was calibrated by reflectance of Macbeth ColorChecker 
Digital acquired by the Datacolor 650 spectrophotometer. The calibration result was 0.232 
CMC(2:1) units. The reflectance of a single yarn measured by ICM was specified as the 
average reflectance of all the pixels on it: 

 
N

yxR
R ¦ ),,(

)(
O

O   (1)

where ),,( yxR O , )(OR  and N  denote the measured spectral reflectance at pixel ),( yx , 
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material of these samples was cotton and yarn count was 80 Ne. As shown in Figure 1, 
single yarns (Figure 1a) were carefully winded on a white background card to constitute 
yarn swatches (Figure 1b). 

  
(a) (b) 

Figure 1: Example of single yarns and corresponding yarn swatches. (a) single yarns; (b) 
corresponding yarn swatches.  

2.2 Spectrophotometric Measurements 
A Datacolor 650 spectrophotometer was employed to acquire reflectance of the yarn 
swatches. All the measurements were conducted under the 1964 CIE standard observer. 
The specular component excluded (SCE) and UV excluded modes were applied. Figure 2a 
shows reflectance of the 100 yarn swatches measured by the Datacolor 650.  

  
(a) (b) 

Figure 2: Reflectance of yarn swatch and single yarn samples measured by Datacolor 650 
and ICM. (a) reflectance of yarn swatches; (c) reflectance of single yarns. 

2.3 Multispectral Imaging Measurements 
The reflectance of single yarns was acquired by a multispectral imaging system, namely ICM 
(Luo 2014). The ICM system was calibrated by reflectance of Macbeth ColorChecker 
Digital acquired by the Datacolor 650 spectrophotometer. The calibration result was 0.232 
CMC(2:1) units. The reflectance of a single yarn measured by ICM was specified as the 
average reflectance of all the pixels on it: 
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where ),,( yxR O , )(OR  and N  denote the measured spectral reflectance at pixel ),( yx , 

 

 

the specified reflectance, and the number of pixels in the chosen area, respectively. Figure 
2b shows the spectral reflectance of the 100 single yarn samples measured by ICM. 

3. RESULTS AND DISCUSSION 

3.1 Lightness Distribution 
The first experiment analyzed lightness distribution (L*) of the single yarn and yarn swatch 
samples under CIE Standard Illuminants D65, F2, and A, as shown in Figure 3a-c. The 
black lines denote lightness values of single yarns acquired by the ICM are the same to 
those of corresponding yarn swatches measured by Datacolor 650. When a dot approaches 
to the black line, lightness of a single yarn is closer to that of corresponding yarn swatch. A 
dot above the black line represents lightness of a single yarn is larger than that of the 
corresponding yarn swatch, vice versa. The correlation (R) values between lightness values 
of the 100 pairs of single yarns and yarn swatches under D65, F2, and A are 0.997, which 
implies that dependence between lightness values of single yarns and yarn swatches are 
high. The least squares fitting method (Banerjee 2014) was applied to find the linear 
relationship between lightness of single yarns and yarn swatches, which are shown as red 
lines in Figure 3a-c. The coefficient of determination (R2) is 0.994. Note that slopes of the 
regressed lines are 0.910, 0.910, and 0.900 for D65, F2, and A, which means that if yarn 
swatches with lightness as measured by Datacolor 650 is 1.0, lightness values of single 
yarns acquired by ICM are 0.910, 0.910, and 0.900 for D65, F2, and A. Therefore, it can be 
concluded that lightness of a single yarn measured by ICM is smaller than that of 
corresponding yarn swatch measured by Datacolor 650. 

3.2 Hue Distribution 
The second experiment analyzed hue distribution (a* and b*) of the yarn swatch and single 
yarn samples measured by Datacolor 650 and ICM, as shown in Figure 3d-i. The meaning 
of black and red lines is the same as in Figure 3a-c. The coefficients of R and R2 are (0.991, 
0.991, 0.992) and (0.981, 0.982, 0.984) for a* values of yarn swatches and single yarns 
under D65, F2, and A. For b* values, R and R2 are (0.996, 0.996, 0.996) and (0.992, 0.992, 
0.991). Note that slopes of the regressed lines are (0.88, 0.88, 0.88) and (0.91, 0.91, 0.90) 
for a* and b* distributions of yarn swatches and single yarns under the three CIE 
Illuminants. It can be concluded that a* and b* values of a single yarn measured by ICM is 
smaller than those of corresponding yarn swatch measured by Datacolor 650. 

  
(a) (b) 
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(c) (d) 

  
(e) (f) 

  
(g) (h) 

 

 

(i)  
Figure 3: Lightness and hue distributions of single yarn(SY) and yarn swatch(YS) samples 
under D65, F2, and illuminant A. (a-c), lightness distributions under D65, F2, and A; (d-
f), a* distributions under D65, F2, and A; (g-i), b* distributions under D65, F2, and A. 
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(e) (f) 
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(i)  
Figure 3: Lightness and hue distributions of single yarn(SY) and yarn swatch(YS) samples 
under D65, F2, and illuminant A. (a-c), lightness distributions under D65, F2, and A; (d-
f), a* distributions under D65, F2, and A; (g-i), b* distributions under D65, F2, and A. 

 

 

The coefficients of R, R2, and slope between the 100 pairs of single yarns and yarn 
swatches under D65, F2, and A are summarized in Table 1. It can be concluded from Figure 
3 and Table 1 that lightness (L*) and hue (a* and b*) values of single yarns measured by 
ICM are approximately 0.91, 0.88, and 0.91 times those of yarn swathes measured by 
Datacolor 650. 

Table 1. Summary of the relationship between colors of yarn swatches and single yarns 
measured by Datacolor 650 and ICM. 

 
L* a* b*  

D65 F2 A D65 F2 A D65 F2 A  

R 0.997 0.997 0.997 0.991 0.991 0.992 0.996 0.996 0.996  

R2 0.994 0.994 0.994 0.981 0.982 0.984 0.992 0.992 0.991  

Slope  0.910 0.910 0.900 0.880 0.880 0.880 0.910 0.910 0.900  

3.3 Color Difference 
The final experiment analyzed color difference between the 100 pairs of single yarns and 
yarn swatches under 9 CIE Standard Illuminants (A, C, D50, D55, D65, D75, F2, F7, and 
F11). The CMC(2:1) formula was applied to calculating the color difference (∆E). Table 2 
illustrates the statistics of color difference between the 100 pairs of single yarns and yarn 
swatch samples. The average color difference is 2.79 CMC(2:1) units with the standard 
deviation 1.55 CMC(2:1) units. The large color difference implies that color of a yarn 
swatch acquired by a spectrophotometer is different from that of corresponding single yarn 
measured by a multispectral imaging system. It can be concluded from Figure 3, Table 1, 
and Table 2 that the large color difference between single yarns and yarn swatches stems 
from that CIELAB values of single yarns measured by a multispectral imaging system are 
smaller than those of corresponding yarn swatches acquired by a spectrophotometer.  

Table 2.Color difference between the 100 pairs of single yarns and yarn swatches under 9 
CIE Standard Illuminants.  

Statistics A C D50 D55 D65 D75 F2 F7 F11 Average 

Mean  2.83 2.80 2.82 2.82 2.81 2.81 2.67 2.77 2.80 2.79 

Median  2.34 2.34 2.34 2.35 2.34 2.36 2.23 2.36 2.28 2.33 

Std. 1.60 1.55 1.59 1.58 1.57 1.56 1.42 1.52 1.55 1.55 

Max.  7.34 7.08 7.26 7.22 7.14 7.07 6.89 6.82 7.02 7.09 

90th 5.45 5.07 5.21 5.16 5.09 5.06 4.73 4.97 5.09 5.09 
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4. CONCLUSIONS 
Colors of single yarns and corresponding yarn swatches acquired by a multispectral imaging 
system and a spectrophotometer are compared in this paper, using 100 pairs of single yarns 
and yarn swatch samples. The colors of these samples were measured by a 
spectrophotometer Datacolor 650 and a multispectral imaging system, namely Imaging 
Colour Measurement (ICM). Lightness distribution (L*), hue distribution (a* and b*), and 
color difference between single yarn and yarn swatch samples were analyzed in detail. 
Experimental results show that lightness (L*) and hue (a* and b*) values of single yarns 
measured by ICM are approximately 0.91, 0.88, and 0.91 times those of yarn swathes 
measured by Datacolor 650. The average color difference between single yarns and yarn 
swatches is 2.79 CMC(2:1) units. 

While these results demonstrate that colors of single yarns acquired by a multispectral 
imaging system are different from those of yarn swatches measured by a spectrophotometer, 
there is still much work to be done. First, the fundamental principle of color difference 
between single yarns and yarn swatches needs to be explored. Second, quantitative 
relationship between colors of single yarns and corresponding yarn swatches needs to be 
established. Together, these efforts should facilitate development of color measurement 
from fabric to single yarn in textile.  
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ABSTRACT
One of the problems on the CIE CRI (Color Rendering Index) is that it is a relative evaluation 

of illuminants to the standard illuminants. Standard illuminants having too low or too high correlated 
color temperature may not suitable for real situation but they are always evaluated as Ra=100. 
Another problem is that the CIE CRI of such illuminant cannot be calculated as when correlated color 
temperature is not available as its color locates far away from Planckian locus in the chromaticity 
diagram.

We proposed a new way of evaluating color rendering performance based on color 
discriminability. We conducted the experiment based on Munsell 100 hue test, in that number of hue 
is increased to 180, and performed color discrimination task under various illuminants having various 
spectra. We found that maximum errors of the task under various illuminants are correlated with a 
minimum color difference among 8 TCSs (Test Color Samples used for the CIE CRI evaluation) when 
they are plotted on the CIELUV uniform color space under each illuminant. We called this index CDC 
(Color Discriminability Criterion) as color discriminability is improved as CDC increases. CDC can be 
calculated without standard illuminants and applicable for all illuminants even when their color locate 
far away from Planckian locus.

   In the above experiment, there was a tendency that illuminants having lager CDC seem more 
comfortable because color chips appear more colorful under such illuminants. So, we conducted 
another experiment to evaluate comfortability of illuminants using semantic differential method. The 
results show that such illuminants are not necessarily comfortable as when CDCs are large. Subjects 
felt uncomfortable under certain illuminants, though they have large CDC, because red colors appear 
too prominent. Spectra of such illuminants are unbalanced as some spectrum region is too low and 
another region is too high. We introduced another index, that is the minimum lightness (L*) value 
among 8 TCSs under a test illuminant, to evaluate balance of the spectrum. The index is called CL 
(Critical Lightness) because lack of energy in certain spectrum region can be improved by making 
CL larger. We found that one feels more comfortable under such illuminants that have lager CDC and 
lager CL.

 

 

New color rendering index based on color 
discriminability and its application to evaluate 

comfortability of illuminants  

Yasuhisa Nakano, Toshiki Nagasaki, Ryu Toyota, Jiro Kohda, Takuo Yano  
Department of Frontier Sciences, Hiroshima City University 

ABSTRACT 

We proposed a new way of evaluating color rendering property of illuminants based on 
color discriminability. From the experimental data collected from extended Munsell 100 
hue test, in that number of hue is increased to 180, we found that maximum error of color 
discrimination task under various illuminants are correlated to a minimum color difference 
among 8 TCSs (Test Color Samples used for the CIE CRI evaluation) when they are 
plotted on the CIELUV uniform color space under each illuminant. We called this index 
CDC (Color Discriminability Criterion) as color discriminability is improved as CDC 
increases. There was a tendency that illuminants having lager CDC seem more comfortable 
because color chips appear more colorful under such illuminants, but some of illuminants 
having large CDC seem uncomfortable because red colors appear too prominent. Spectra of 
such illuminants are unbalanced as some spectrum region is too low and another region is 
too high. To evaluate the balance of a spectral irradiance distribution, we introduced 
another index, that is the minimum lightness (L*) value among 8 TCSs under the test 
illuminant. The index is called CL (Critical Lightness) because lack of energy in certain 
spectrum region can be improved by making CL larger. We found that one feels more 
comfortable under such illuminants that have lager CDC and lager CL. 

1. INTRODUCTION 

Color rendering is one of the important properties of illuminants. CIE CRI (Color 
Rendering Index) is widely used to evaluate this property. Recently, white LED light 
sources begin to spread as new illuminant, but the CIE CRI sometimes fails to describe its 
visual impression (Bodrogi et al. 2004). So, the higher CIE CRI is not necessarily means 
better visual impression of the illuminant. One of the problems of the CIE CRI is that it is a 
relative evaluation of a test illuminant compare to the standard illuminant that has the same 
correlated color temperature as the test illuminant. One can say if visual impression of the 
test illuminant is close to the standard illuminant, but cannot say if it is good or bad.  

To overcome this disadvantage of the CIE CRI, we first tried to evaluate color rendering 
property of illuminants based on performance on color discrimination task. We conducted 
the experiment similar to Munsell 100 hue test, and performed color discrimination task 
under illuminants having various spectra. Assumption here is that errors of color order will 
be smaller under such illuminants having better color rendering property. By analyzing data 
from this experiment we found a new index correlated to the performance of color 
discrimination task. We called this index CDC (Color Discriminability Criterion). 

Then, we investigated if this index could be used as an index for visual comfortability of 
illuminants. We conducted the second experiment to evaluate visual impression of 
illuminants using semantic differential method.  In this paper, we describe above two 
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experiments in detail and discuss about how we can construct a new method of evaluating 
color rendering property for wide variety of illuminants based on visual comfortability. 

2. METHOD 

2.1 Experiment 1: Munsell 180 Hue Test 

To increase the number of color chips of Munsell 100 Hue Test (Macbeth Farnsworth-
Munsell 100 Hue Test) from 85 to 180, we first measured spectral reflectances of the 85 
real color chips using the spectrophotometer (GretagMacbeth Spectrolino). Then, the 
principal components of the 85 spectral refrectances were calculated to interpolate spectral 
reflectance of a color having an arbitray chromaticity coordinates. CIELAB uniform color 
space was used to interpolate 85 color chips, and 180 chromaticity coordinates were 
selected along interpolated locus in every 2O hue angle, then spectral refrectance functions 
were synthesized using the 4 principal components obtained above. Munsell color test was 
performed on the calibrated CRT display (Mitsubishi RDF19S) by simulating tristimulus 
values of the color chips under given spectral irradiance of the test illuminants.  

Tests were conducted under fifteen illuminants having different CDC values as shown 
in Table 1. Spctral irradiance distribution functions were synthesized mathematically using 
7 Gaussian functions peaked at 430, 470, 510, 550, 590, 630, 670 nm. Band width of each 
Gaussian function was 30 nm. The illuminants in gray cells in Table 1 were standard 
illuminants for each CCT (Correlated Color Temperature). Two subjects participated in 
this experiment. 

Table 1. CDC values of the test illuminants used in Experiment 1. 

CCT 4200K 5000K 7500K 
CDC 14.8 19.1 27.2 31.5 25.3 13.9 19.3 30.4 36.0 26.1 11.2 18.3 33.0 39.8 24.5 
 

2.2 Experiment 2: Absolute Evaluation of Visual Impression of Illuminants 

Images taken by the multi-spectral camera were displaied on the calibrated CRT display 
(Sony GDM-2000TC) to simulate tristimulus values of every pixel in the image under 
given spectral irruminance of the test illuminants (Nakano et al. 2005). Subjects observed 
displaied image in the dark room and asked to grade visual impression using fifteen 
adjective pairs. 

Test images were rendered using 30 illuminants synthesized in the same way as 
previous experiment. CDC values of each illuminants were shown in Table 2. Gray cells 
are for standard illuminants. Four subjects participated in this experiment. 
 

Table 2. CDC values of the test illuminants used in Experiment 2. 
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5000K 16.8 17.1 18.2 18.7 23.4 23.7 30.4 31.1 33.0 26.1 
7500K 13.1 15.0 15.8 19.1 26.7 34.5 36.1 38.5 39.8 24.5 
 

852
AIC2015 TOKYO - Color and Image



 

 

experiments in detail and discuss about how we can construct a new method of evaluating 
color rendering property for wide variety of illuminants based on visual comfortability. 

2. METHOD 

2.1 Experiment 1: Munsell 180 Hue Test 

To increase the number of color chips of Munsell 100 Hue Test (Macbeth Farnsworth-
Munsell 100 Hue Test) from 85 to 180, we first measured spectral reflectances of the 85 
real color chips using the spectrophotometer (GretagMacbeth Spectrolino). Then, the 
principal components of the 85 spectral refrectances were calculated to interpolate spectral 
reflectance of a color having an arbitray chromaticity coordinates. CIELAB uniform color 
space was used to interpolate 85 color chips, and 180 chromaticity coordinates were 
selected along interpolated locus in every 2O hue angle, then spectral refrectance functions 
were synthesized using the 4 principal components obtained above. Munsell color test was 
performed on the calibrated CRT display (Mitsubishi RDF19S) by simulating tristimulus 
values of the color chips under given spectral irradiance of the test illuminants.  

Tests were conducted under fifteen illuminants having different CDC values as shown 
in Table 1. Spctral irradiance distribution functions were synthesized mathematically using 
7 Gaussian functions peaked at 430, 470, 510, 550, 590, 630, 670 nm. Band width of each 
Gaussian function was 30 nm. The illuminants in gray cells in Table 1 were standard 
illuminants for each CCT (Correlated Color Temperature). Two subjects participated in 
this experiment. 

Table 1. CDC values of the test illuminants used in Experiment 1. 

CCT 4200K 5000K 7500K 
CDC 14.8 19.1 27.2 31.5 25.3 13.9 19.3 30.4 36.0 26.1 11.2 18.3 33.0 39.8 24.5 
 

2.2 Experiment 2: Absolute Evaluation of Visual Impression of Illuminants 

Images taken by the multi-spectral camera were displaied on the calibrated CRT display 
(Sony GDM-2000TC) to simulate tristimulus values of every pixel in the image under 
given spectral irruminance of the test illuminants (Nakano et al. 2005). Subjects observed 
displaied image in the dark room and asked to grade visual impression using fifteen 
adjective pairs. 

Test images were rendered using 30 illuminants synthesized in the same way as 
previous experiment. CDC values of each illuminants were shown in Table 2. Gray cells 
are for standard illuminants. Four subjects participated in this experiment. 
 

Table 2. CDC values of the test illuminants used in Experiment 2. 

CCT CDC 
4200K 14.8 16.0 17.0 17.8 19.1 19.2 25.8 27.8 28.8 25.3 
5000K 16.8 17.1 18.2 18.7 23.4 23.7 30.4 31.1 33.0 26.1 
7500K 13.1 15.0 15.8 19.1 26.7 34.5 36.1 38.5 39.8 24.5 
 

 

 

3. RESULTS AND DISCUSSION 

Figure 1 shows three examples of the results in Experiment 1. Top panels show spectral 
irradiance distribution functions of the test illuminants. Middle panels show chromaticity 
coordimantes of 8 TCSs for CIE CRI under each test illuminant plotted in CIELUV 
uniform color space. CDC is defined as smallest color difference among 8 TCSs as shown 
in each panel. Bottom panels show error score plots for Munsell 180 Hue Test. Results of 
two subjects were averaged because tendency was the same between them. Dotted lines 
show original score data and thick solid lines show moving average among 9 neighboring 
data to smooth original data. 

Clear tendency was observed that maximum error score increases as CDC value 
decreases. Correlation coefficient between CDC and maximum  error score was -0.82. This 
means that we can evaluate color rendering property of test illuminants in terms of color 
discriminability performance using CDC. 
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Figure 1: Examples of the results in Experiment 1 selected from 5000K illuminants. 

While doing this experiment, we noticed that color chips became more colorful as CDC 
values increases, and felt comfortable for such illuminants that have lager CDC values. As 
the results of the next experiment show, however, correlation between CDC and 
comfortability is not necessarily high. Right hand illuminant in Figure 1, for example, has 
largest CDC value among 5000K illuminants, and color discrimination performance is 
good, but it is not necessarily comfortable because red colors are too prominent.  
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Figure 2 shows the results of Experiment 2. Left panel shows first two principal 
component vectors derived from score matrix of 15 adjective pairs (rows) for 30 
illuminants (column). Scores were averaged for 4 subjects because the tendency was the 
same among them. Third vector and beyond were neglected because contribution rates 
were small. First vector is likely to relate to “colorfulness” impression of illuminant, 
because components of adjectives related to colorfulness show higher values compare to 
other components. Second vector is likely to relate to “fidelity/comfortability” impression 
of illuminants. Right panel shows score plot of 30 illuminants, in that, abscissa indicates 
score of “colorfulness” impression, and ordinate indicates that of “fidelity/comfortability” 
impression. Size of each symbol was set according to the score of “comfortable-
unpleasant” adjective pair. Larger the size, the illuminant was evaluated as more 
comfortable. From these results, we can say that visual impression of color rendering arose 
by any illuminant can be evaluated using two factors, “colofulness” and 
“fidelity/comfortability”, and comfortability become higher when both factors show higher 
score. 
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Figure 2: Principal component vectors derived from score matrix of 15 adjective pairs for 

30 illuminants (left panel), and score plot for30 illuminants (right panel). 
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Figure 3: Correlations between scores and CDC, CL or CDC+CL. 
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It is convenient if we can evaluate these two scores just by using spectral irradiance 
distribution function of illuminant in practical situations. It is easy to imagine that CDC 
might be related to the score of first component, but we need another index to evaluate the 
score of second component. We introduced a new index, that is the minimum lightness 
(L*) value among 8 TCSs under the test illuminant. We called this index as CL (Critical 
Lightness), and the purpose of the index is to evaluate the balance of the spectral irradiance 
distribution of the illuminant. If energy in middle wavelength region is lacking in spectral 
irradiance distribution, for example, lightness of greenish test color sample will be lower. 
By increasing CL, such energy lack problem can be prevented, hence the balance of the 
spectral irradiance distribution is preserved. 

Figure 3 shows correlations between CDC and score of first component (left panel), 
between CL and score of second component (middle panel), and between CDC+CL and 
score of “comfortable-unpleasant” adjective pair (right panel). Though, some of correlation 
coefficients are not so high, we can see that CDC is related to “colorfulness” impression, 
and that CL is related to “fidelity/comfortability” impression. If that is the case, we can 
expect that the illuminant having larger CDC and larger CL values will be more 
comfortable. This is confirmed by plotting the correlation between CDC+CL and 
“comfortability” score as shown in right panel in Figure 3. 

4. CONCLUSIONS 

CDC (Color Discriminability Criterion), that is defined as smallest color difference among 
8 TCSs used for CIE CRI, can be used to evaluate color rendering property of illuminant in 
terms of color discriminability performance. By adding another index CL, that is defined as 
minimum lightness (L*) value among 8 TCSs, we can also evaluate visual impression of 
color rendering in terms of “comfortability”. These indices will be useful when designing 
and evaluating spectral power distribution of new light sources such as LED and EL. 
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ABSTRACT
For food processing such as heating and baking, oven is one of the most popular appliances 

in both of industry and domestic households. In general, the temperature of the oven chamber is 
monitored and regulated automatically during in the process. In this case, the automated cooking is 
performed using programmatic control method. That is, only time and temperature are used and color 
information is not used. In contrast, when the food is cooked manually (i.e. with a frying pan), we 
tend to  monitor food’s appearance visually and judge whether it is done or not using its color as a 
clue without measuring time and temperature. This is because the appearance monitoring in real time, 
that is, in-situ color measurement, has the advantages of making it possible to optimize the food’s 
appearance and to provide delicious-looking foods. The appearance is one of the most important 
factors for food consumers.

For these reasons, we have developed color monitoring equipment and a method for oven 
cooking during heating. In our previous study, we reported the in-situ color monitoring method that 
a a ogen ig t  an o tica  fi er an  a ectrometer a e een e  a  a ig t o rce an  a mea ring 
instrument, respectively. Three types of food materials were also used as samples: toast (sliced white 
bread), a plain cookie, and raw chicken meat pate. Then, prediction expressions for the change in 
chroma and lightness (quantitative attributes) of the food surface during oven baking were developed 
based on experimental data.  

In this study, we investigate the real time monitoring method using charge-coupled device (CCD) 
camera as a color detector. We develop an experimental small oven and examine this monitoring 
method under a temperature of over 200°C. The cooking and the prediction expressions which 
have reported previously are also used. For considering practical usage, infrared heaters installed in 
commercial oven (100V-600W-2000K) are used as light source. The experimental results demonstrate 
their applicability for this purpose. Suitable methods for automatically determining the optimal 
conditions considering the preferences of users are also proposed.
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ABSTRACT 

The oven is one of the most popular appliances used for food processing tasks such as 
heating and baking, both in industry and domestic households. In general, the temperature 
of the oven chamber is monitored and regulated automatically during the baking process, 
and automated baking is performed using programmatic control. In this case, the only 
parameters used are those of time and temperature, without reference to color information. 
In contrast, when food is cooked manually (i.e. using a frying pan), we intuitively monitor 
the appearance of food visually, judging whether it is ready or not by its color, without 
measuring the time and temperature. This is because appearance monitoring in real-time, 
that is, in-situ color measurement, allows an optimization of the appearance of food, and 
provides a result that can be aesthetically appealing. Appearance is in fact one of the most 
important factors for food consumers. For these reasons, we have developed color-
monitoring equipment, together with a method for baking in the oven. In our previous 
study, we reported on an in-situ color monitoring method that comprised a halogen light, 
an optical fiber and a spectrometer, used as a light source and a measuring instrument, 
respectively. Sliced white bread was used as the sample material. In this study, we 
investigated this real-time monitoring method using a charge-coupled device (CCD) 
camera for color detection. We constructed a small oven for our experiments using a 
conventional home oven as a basis, and examined the monitoring method at a temperature 
of approximately 200°C. The cooking and previously reported prediction expressions were 
also used. As we were considering practical usage in the home, infrared heaters installed 
in a commercially available oven (100V-600W-2200K) were used as the light source. The 
experimental results demonstrate their applicability for this purpose. Suitable methods for 
automatically determining the optimal conditions of the monitoring system, allowing for 
the preferences of users, are also proposed. 

1. INTRODUCTION 

The oven is one of the most popular items of cooking equipment in the home. Normally, 
oven users are able to control two crucial parameters of the heating environment, 
temperature and time. The latter is mostly determined by visual observation during heating. 
However, as it is not possible to observe the oven constantly during the heating process, it 
is difficult to know when the contents are ready, even if the oven temperature is regulated 
automatically and a timer has been installed. Therefore oven-cooked food is sometimes 
overcooked and so unsuitable for consumption. In addition, accidents may occur due to the 
abnormal expansion of food on a tray in the oven. For these reasons, color-monitoring 
equipment, has been developed, together with a method for oven cooking (Iyota et al. 
2013, Matsumoto et al. 2014). It was also necessary to develop a food monitoring method 
that  could  remain  inside  the  oven  at  high  temperatures.  Here a charge-coupled device 
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(CCD) camera was used to replace the role of visual monitoring, in order to improve the 
automatic control function. In this paper, we investigated a color monitoring method to be 
used during cooking at high temperatures, using a CCD camera and comparing the 
measured lightness, L*, using a spectrometer. An electric near-infrared radiant heater was 
used as the light source, and placed on the upper side of a commercially available oven 
suitable for home use.  

2. METHOD 

2.1 Experimental Apparatus 

The experimental apparatus employed in this study is given in Figure 1. A conventional 
oven, suitable for use in the home, has been modified for use in these experiments. The fan 
and the convection heater (3) (with a power of 1360 W) were placed at the innermost side 
of the oven chamber, as shown in Figure 1. The oven chamber temperature was regulated 
automatically by a temperature controller. In addition, there was an electric radiant heater 
(2) (with a power of 600 W) placed at the top of the chamber, in order to bake food by a 
process of radiative heat transfer. The voltage supplied to this heater was controlled using a 
variable transformer. The color temperature of the heater at a power of 100 V was 2200 K, 
in the visible to near-infrared wavelength range. This heater was also used as a light source 
in the study. The CCD camera (4) (Imaging Source, DFK41AU02, 1/2 inch, 1280 × 960 
pixels) and lens (5) were used to observe the food from the viewing hole composed of 
heat-resistance glass provided on the upper surface of the oven. At a lens focal distance of 
8 mm, images of the bottom side of the chamber in a circle of approximately 100 mm 
diameter, were recorded using a personal computer, connected via USB. For comparison, 
spectroscopic measurements obtained using a spectrometer connected to the oven through 
an optical fiber were taken simultaneously.  

 
Figure 1.  Experimental apparatus for the real-time color monitoring method (1-8) and the 

materials used for color and grayscale correction (9-10). 
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Two sizes of sliced white bread, with a thickness of 17 mm, were used as the food samples. 
The dimensions of sample A were 80 mm × 80 mm, with the surrounding crust removed, 
while the dimensions of sample B were 100 mm × 100 mm, including a brown crust. The 
oven temperature was maintained at 200 ± 5 ℃. We measured the voltage and the current 
of the radiation heater during heating, and confirmed that the electric resistant of the 
radiant heater, the heater temperature and the power remained constant (the change in the 
current value was less than 0.04 A). 

After preheating the oven, the image of a white porous ceramics plate (9) was recorded for 
white balance correction. The plate was composed of a silicate compound (Miyagawa 
Kasei Industry Co.), with a reflectance of 0.88 in the 380-780 nm wavelength range. In 
terms of the total color (R, G, and B) light-receiving gain of the CCD sensor, the R and B 
gains were adjusted separately to equal 80% of the upper limit for each color. Values of the  
total color = 460, red = 18, and blue = 69 were used, together with a shutter speed of 1 / 
2000 s. Next, the image of a 24-color chart (10) (Color Checker Passport, X-rite Co.) was 
recorded for the grayscale correction. Finally, after quickly placing the food sample (slice 
of bread) in the oven and closing the oven door, a continuous measurement of the sample 
color change was obtained. Images from the CCD camera and spectral data from the 
attached spectrometer were recorded by the personal computer approximately every 60 
seconds, using the time stamp information. 

2.2 Image analysis  

The food images obtained were reduced from their original size of 1280 × 960 pixels to 
800 × 600 pixel images. These images were then processed as follows: 

(1) White balance correction:  

Every pixel of the images was corrected using the white balance image data (taken from 
the white porous ceramic plate). The spatial distributions of the illumination, the color 
temperature, and the peripheral light of the lens were collected by performing this white 
balance correction. 

(2) Grayscale correction:  

An achromatic set of six colors in the color chart at position (10) in Fig. 1 was used for the 
grayscale correction. First, we determined the regression equation for converting the 
lightness of the corresponding portion in the color chart image, after applying a white 
balance correction to the standard values in the color chart. After determining the lightness 
of an image sample using the white balance correction, the image lightness was used to 
correct the values in this equation. The spectral data obtained using the spectrometer was 
also simultaneously used to determine the lightness, and the results compared with the 
values measured using the CCD camera. 

3. RESULTS AND DISCUSSION 

3.1 Determining measurement accuracy 

Table 1 shows the variation with color of the standard lightness value, L*std, on the color 
chart, the value L*(1) after the white balance correction, the value L*(1)(2) after the 
additional grayscale correction, and the absolute value |L*std-L*(1)(2)| of the error between 
L*std and L*(1)(2).” 
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also simultaneously used to determine the lightness, and the results compared with the 
values measured using the CCD camera. 

3. RESULTS AND DISCUSSION 

3.1 Determining measurement accuracy 

Table 1 shows the variation with color of the standard lightness value, L*std, on the color 
chart, the value L*(1) after the white balance correction, the value L*(1)(2) after the 
additional grayscale correction, and the absolute value |L*std-L*(1)(2)| of the error between 
L*std and L*(1)(2).” 

 

 

The maximum error obtained was 5.71 (No.15, red). Lightness was obtained from the RGB 
values with the greatest proportion arising from the G component. The standard G value 
for No.15 red is the second smallest among the 24 colors of the color chart. Therefore, the 
error in the measurement becomes large compared to that of the other colors. It is 
considered to exhibit the maximum measured error. The average error was found to be 
2.32. This value was obtained for a CCD camera, giving the L* measurement accuracy for 
current color measurement.  

Table 1. The difference between the lightness of 24 colors. Measured L* values are given 
for comparison with standard color chart values. 

ColorChecker L*std L*(1) L*(1)(2) |ΔL*| No. color name 
1 dark skin 38.02 11.61 36.37 1.65 
2 light skin 65.67 38.42 65.62 0.05 
3 blue sky 50.63 20.89 47.57 3.06 
4 foliage 43.00 13.79 39.10 3.90 
5 blue flower 55.68 27.15 54.48 1.20 
6 bluish green 71.00 44.67 71.08 0.08 
7 orange 61.13 38.05 65.28 4.15 
8 purplish blue 41.12 15.28 40.94 0.18 
9 moderate red 51.33 27.36 54.70 3.37 
10 purple 31.10 8.57 32.46 1.36 
11 yellow green 71.90 46.99 72.97 1.08 
12 orange yellow 71.04 49.15 74.67 3.63 
13 blue 30.35 8.42 32.26 1.90 
14 green 55.03 25.73 52.95 2.08 
15 red 41.34 20.44 47.05 5.71 
16 yellow 80.70 61.15 82.99 2.29 
17 magenta 51.14 28.97 56.39 5.25 
18 cyan 51.15 22.84 49.78 1.37 
19 white 95.82 87.61 94.61 1.20 
20 neutral 8 80.60 61.37 83.12 2.52 
21 neutral 6.5 65.87 39.40 66.51 0.65 
22 neutral 5 51.19 21.24 47.97 3.22 
23 neutral 3.5 36.15 9.66 33.88 2.27 
24 black 21.70 3.14 25.16 3.46 

 
3.2 Lightness change in baking food  

 The change in lightness given by baking two samples of different sizes, samples A and B, 
is shown in Figure 2. A difference in the color changes exhibited by samples A and B was 
observed. This result shows the importance of real-time color measurement for automatic 
oven operation. 

The difference between color change, L*fs, in the baking process that was obtained using 
the optical fiber and spectrometer, and the color change resulting from the baking, L*(1)(2), 
obtained using the CCD camera, were in agreement within ± 5. These results indicate that 
it is possible to monitor the lightness change of food during baking using a CCD camera 
with an electric radiative heater as the low color temperature light source. 
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Figure 2. Lightness, L*, obtained during the baking process using a CCD camera and a 
spectrometer vs. elapsed time. 

4. CONCLUSIONS 

In this study, we monitored only the L* changes for images of food samples that changed 
from white to brown, captured using a CCD camera. We are examining the use of other 
types of food samples, in order to develop a user-friendly and safe automatic oven control. 
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ABSTRACT
Inspired by traditional Chiaroscuro woodblock printing techniques of the 16th century, we 

explore the use of multicolour impressions produced by relief prints as a means to evaluate the surface 
rendered with 2.5D and 3D printing technologies.  Even though topography and micro-imaging 
methods can be used to measure surfaces, perceptual quality evaluation from surfaces rendered by 
additive printing methods is still a challenge.  By reducing the dimension from 3D or 2.5D back to 2D, 
classic methods to measure quality that have already found a correlation with human perception would 
become available to us.  

A traditional relief print is created through the combination of a raised printing surface and 
the surface qualities of the printing block (end-grain hardwood, chipboard, linoleum, acrylic), which 
is then inked and printed under great downward pressure.  The block surface is manipulated by 
engraving, cutting and abrasion (traditional tools include sharp V shape or U shaped chisels). In order 
to o tain a ig  a it  rinte  image  t e in e  ate nee  to ro ce a o i  an  e  efine  ine 
with uniform colour.

As a benchmark of our idea, we employed different methods to control the modulation of a 
surface by either carving (laser cutting, CNC engraving) from an existing material (acrylic, wood, 
model board) or building relief using additive fabrication (Makerbot, Océ 2.5D printer prototype). 
For print analysis we created a set of two targets generated to test special resolution and edge detail. 
Following traditional printmaking processes the blocks were inked, and subjected to a high level of 
downward pressure in a press to create impressions (i.e. the surface is embossed by the physical force). 
All of the blocks were inked and printed in the same way. Instead of evaluating the quality of the 
surface rendered by each of the methods directly, we perform the evaluation on the impressions made 
with the blocks.

Each of the testing blocks was adapted from optical frequency test patterns in order to access 
ecia  re o tion an  e ge etai  in rint  e fir t te t target e  t e  S  re o tion te t c art 

where groups of three horizontal and vertical lines, referred to as elements, are depicted at varying 
i e  an  orientation   fin ing t e e ement it  t e ma e t i cerni e et o  ine  e can in icate 

the resolution corresponding to a given printing block fabrication method. For the second target we 
utilised a Zone plate ring pattern with a special frequency up to 2 line pairs per millimeter (LP/mm). 
Different aspects can be assessed on the impressions such as the density of ink, the uniformity of 
the surfaces, the sharpness of the edges and the spatial resolution at different angles. For instance, 
the Modulation Transfer Function (MTF) describing the print accuracy for different frequencies 
in horizontal, vertical and diagonal directions can be found for each of the methods based on the 
impressions.

In our paper, we discuss the results of our method with each of the available technologies and 
the possible extension of our solution for the evaluation of more complex features.
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as a means for 2.5D and 3D surface evaluation 

Teun BAAR,1 Melissa OLEN,2 Carinna PARRAMAN,2 Maria ORTIZ SEGOVIA1 

1 OCE – Canon Group  
2 University of the West of England 

ABSTRACT 

Inspired by the traditional Chiaroscuro woodblock printing techniques of the 16th century, 
we have explored the use of producing relief print impressions as a means to evaluate the 
surface rendered with 2.5D and 3D printing technologies. By transferring the surface 
characteristics of 3D or 2.5D down to 2D, we benefit from the availability of classic 
quality measurements.  

As a benchmark of our idea, we employed different methods to control the modulation 
of a surface by either carving (laser cutting, CNC engraving) from an existing material 
(acrylic, wood, model board) or building relief using additive fabrication (Makerbot, Océ 
2.5D printer prototype). For print analysis we created a set of two targets to test spatial 
resolution and edge detail. Following traditional printmaking processes the plates were 
inked, and subjected to a high level of downward pressure in a press to create impressions 
(i.e. the surface is embossed by the physical force). All of the plates were inked and printed 
in the same way. Instead of evaluating the quality of the relief plates created with each of 
the processes directly, we perform the evaluation on the impressions made with the plates. 
Each of the testing plates was adapted from optical frequency test patterns in order to 
access spatial resolution and edge detail in print. The Modulation Transfer Function 
(MTF), describing the print accuracy for different frequencies in horizontal, vertical and 
diagonal directions, was obtained for each of the methods based on the impressions. 

In this paper, we discuss the results of our relief surface evaluation method with several 
technologies and the possible extension of our solution for the evaluation of more complex 
features.  

1. INTRODUCTION 

Although there exists an increasing interest in printing techniques possessing the ability to 
control the surface topology of the printout, there is limited focus on the evaluation of 
quality in the resulting prints. Due to limitations and instabilities of the printing process, 
the print will probably be distorted in shape and surface texture. Polzin et al. (2013: 37-43) 
designed a test target for 3D printing systems to evaluate such limitations, as the resolution 
and characteristics such as object strength and surface roughness. These results can be used 
to assess the accuracy and limits of a 3D printer and the feasibility of reproducing different 
shapes. Lui et al. (2014: 90180) proposed several measurements of 3D printed test charts 
for the evaluation of 3D printing systems, which also required measurements of the print 
surface topology. Although topography and micro-imaging methods can be used to 
measure surfaces, perceptual quality evaluation from surfaces rendered by additive printing 
methods is still a challenge, as discussed in a previous work by Baar et al. (2013: 1-6). In 
this paper, we propose to evaluate the print systems based on impressions produced with 
corresponding relief prints, as a means to evaluate the surface rendered with 2.5D and 3D 
printing technologies, thereby reducing from 3D or 2.5D down to two dimensions. 
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Traditionally, relief prints are created through the combination of a raised printing 
surface and the surface qualities of the printing woodblock (end-grain hardwood, 
chipboard, linoleum, acrylic), which is then inked and printed under great downward 
pressure. The woodblock surface is manipulated by engraving, cutting and abrasion 
(traditional tools include sharp V shape or U shaped chisels). In order to obtain a high 
quality printed image, the inked plate needs to produce well defined lines and solid areas 
with uniform colour.  

Similar to traditional relief printing, we created plates by wood carving methods, using 
a laser cutter and a CNC engraving machine. Additionally, we introduced the use of two 
additional printing systems to generate printing plates. In the following section the target 
images used for assessment are described, as well as a description of each of the processes. 
Following this, we describe the results of our print quality assessment for each of the 
processes, based on the obtained relief prints. 

2. TEST TARGETS FOR RELIEF PLATES 

Each of the techniques used to modulate the surface texture carries advantages and 
disadvantages, both in terms of costs and creation time, and also in their ability to create 
small details and large smooth surfaces accurately. We used two resolution targets to 
assess the performance of the surface modulation processes.  

 
Figure 1: Test targets to assess resolution limitations of each of the relief plates. Black 

corresponds to high relief and white to a lower (carved out) surface.  
The first sample is the USAF resolution test chart (1951), shown on the left of Figure 1, 

where a set (element) of three horizontal and vertical lines is depicted for different 
dimensions. Six elements together form a group, identified by the larger number on top. In 
accordance with the standard, this target is printed such that the first element of group -2 is 
10mm long. By determining the element that corresponds to the smallest set of lines that 
are still distinguishable, the corresponding maximum representable resolution is calculated 
by: 

 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 25.4 ∙ 2𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔+𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒−1
6    𝑐𝑐𝑐𝑐𝑐𝑐𝑅𝑅𝑅𝑅𝑅𝑅/𝑅𝑅𝑅𝑅𝑐𝑐ℎ (1) 

For the second target we used a Zone plate ring pattern with a spatial frequency that 
increases from 5 up to 50 cycles per inch at the border, as shown on the right of Figure 1. 
A Modulation Transfer Function (MTF) could then be obtained from the printed target, 
describing the reproduction accuracy of the print for different frequencies in horizontal, 
vertical and diagonal direction, as described by Park, Schowengerdt and Kaczynski (1984: 
2572-2582). 
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3. EVALUATION OF RELIEF PLATES AND IMPRESSIONS 

We used five different processes for the creation of our test target printing plates. Relief 
was built up using additive (printing) fabrication, with both a commercially available 
Makerbot 3D printing system (using PLA filament to build 3D objects) and an Océ 2.5D 
digital printer prototype (where several layers of ink are superimposed to modulate the 
surface texture). Other relief plates were obtained by carving from an existing material, 
including wood and acrylic. Here, the non-printing areas were cut from these materials 
using a laser or CNC engraving machine. 

3.1 Comparing Relief Plates 

The two relief plates have been created using each of the technologies previously 
described. For each process, the target was input as a raster greyscale image (e.g. Tiff or 
Jpg file format), with the proper resolution used for each individual process. Each plate 
was made to have identical dimensions, including a depth in between 1.5 and 2mm 
(maximum distance between low and high parts of the plate). The time needed to create the 
plates varied from 20 minutes for the laser cutter to 46 hours using the CNC engraving. By 
observation of the relief plate, the maximum plate resolution was determined using the 
USAF resolution target and finding the smallest (textured) line pairs that could still be 
distinguished, from which a resolution limitation could be calculated following equation 1. 

Table 1. Comparing relief prints from different processes. 

      
relief plate 
process: 

MakerBot 
3D 

Océ 2.5D Laser cut  
wood 

Laser cut 
acrylic 

CNC 
engraving 

input 
resolution: 253dpi 450dpi 300dpi 300dpi 600dpi 

depth: 2mm 2mm 1.5mm 1.5 2mm 

creation 
time: 2 hours 3 hours 20 minutes 20 minutes 46 hours 

max. plate 
resolution: 

g: -1 e: 4 
18 cy/inch 

g: 1 e: 2 
57 cy/inch 

g: 1 e: 1 
51 cy/inch 

g:  0 e: 4 
36 cy/inch 

g: 0  e: 5 
40 cy/inch 

  
The 3D printer showed the poorest reproduction ability, as it was unable to exceed a 

resolution of 18 cycles per inch. Artefacts for resolutions higher than 10 cycles per inch 
were observed with the frequency test, mainly caused by the filament traces left on 
unintended areas. The laser cutter failed to fully remove all the wooden and acrylic 
material, which led to some variation in the depth of the low parts of the printing plate. 
Furthermore, due to laser temperature, the material curves and edges are oddly sharp 
because of the material melting on the edges of the relief, forming unexpected textures. It 
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should be noted that the wooden relief plates (made using the laser cutter and CNC 
engraving) require additional surface treatment. The resin ‘shellac’ was used to prepare the 
surface in these two cases. In comparison, the Océ 2.5D plate presented the highest 
achievable relief frequency and it did not require any additional cleaning or treatment 
following its production method. However, the OCE 2.5 plate exhibits one of the highest 
production times. It should be noted that the technique of using a printing system to build 
the relief showed the artefact of soft edges, less sharp than the plates created with the 
carving methods. 

3.2 Comparing the Impressions of Relief Plates 

Following a traditional printmaking process, the plates were inked and printed on an 
Albion press. Instead of evaluating the quality of the surface rendered by each of the 
methods directly, we performed the evaluation on the impressions made with the plates, 
accessing various aspects, such as density of ink, uniformity of the surfaces, sharpness of 
the edges and spatial resolution at different angles. Similarly to Table 1, Table 2 shows the 
maximum achievable resolutions based on the relief prints created with each of the 
processes. Compared to the resolution of the printing plates, the resolutions of the relief 
prints were found to be lower. Out of the tested processes, the highest achievable 
frequency was found for the plates made with the Océ 2.5D printer and CNC engraving 
machine. 

Table 2. Comparing impression of USAF test target for different relief print processes  

 

     

relief plate  
process: 

MakerBot 
3D 

Océ 2.5D Laser cut  
wood 

Laser cut 
acrylic 

CNC 
engraving 

maximum 
resolution: 

g: -1 e: 4 
18 cy/inch 

g: 0 e: 4 
35 cy/inch 

g: 0 e: 2 
29 cy/inch 

g:  0 e: 1 
25 cy/inch 

g: 0  e: 2 
29 cy/inch 

  

As previously introduced, the Zone plate was used as second target to analyse the print 
accuracy for different frequencies. For evaluation of print quality, the final prints from 
each of the relief plates were scanned, as shown in Figure 2. The first row of Figure 2 
shows the input, a horizontal section of the Zone Plate from the centre to the right border, 
where the frequency increases from 5 to 50 cycles per inch. The next row is the result after 
printing, using the plate created with the MakerBot 3D printer, where resolutions over 25 
cycles per inch could not be achieved. The following couple of rows show the resulting 
relief print for each of the other processes. For each relief printed image a section in 
horizontal direction is shown on top of a (rotated) section in the vertical direction. The 
horizontal direction is here referred to as the direction in which the print-head/laser/cutting 
tool moves.  

864
AIC2015 TOKYO - Color and Image



 

 

should be noted that the wooden relief plates (made using the laser cutter and CNC 
engraving) require additional surface treatment. The resin ‘shellac’ was used to prepare the 
surface in these two cases. In comparison, the Océ 2.5D plate presented the highest 
achievable relief frequency and it did not require any additional cleaning or treatment 
following its production method. However, the OCE 2.5 plate exhibits one of the highest 
production times. It should be noted that the technique of using a printing system to build 
the relief showed the artefact of soft edges, less sharp than the plates created with the 
carving methods. 

3.2 Comparing the Impressions of Relief Plates 

Following a traditional printmaking process, the plates were inked and printed on an 
Albion press. Instead of evaluating the quality of the surface rendered by each of the 
methods directly, we performed the evaluation on the impressions made with the plates, 
accessing various aspects, such as density of ink, uniformity of the surfaces, sharpness of 
the edges and spatial resolution at different angles. Similarly to Table 1, Table 2 shows the 
maximum achievable resolutions based on the relief prints created with each of the 
processes. Compared to the resolution of the printing plates, the resolutions of the relief 
prints were found to be lower. Out of the tested processes, the highest achievable 
frequency was found for the plates made with the Océ 2.5D printer and CNC engraving 
machine. 

Table 2. Comparing impression of USAF test target for different relief print processes  

 

     

relief plate  
process: 

MakerBot 
3D 

Océ 2.5D Laser cut  
wood 

Laser cut 
acrylic 

CNC 
engraving 

maximum 
resolution: 

g: -1 e: 4 
18 cy/inch 

g: 0 e: 4 
35 cy/inch 

g: 0 e: 2 
29 cy/inch 

g:  0 e: 1 
25 cy/inch 

g: 0  e: 2 
29 cy/inch 

  

As previously introduced, the Zone plate was used as second target to analyse the print 
accuracy for different frequencies. For evaluation of print quality, the final prints from 
each of the relief plates were scanned, as shown in Figure 2. The first row of Figure 2 
shows the input, a horizontal section of the Zone Plate from the centre to the right border, 
where the frequency increases from 5 to 50 cycles per inch. The next row is the result after 
printing, using the plate created with the MakerBot 3D printer, where resolutions over 25 
cycles per inch could not be achieved. The following couple of rows show the resulting 
relief print for each of the other processes. For each relief printed image a section in 
horizontal direction is shown on top of a (rotated) section in the vertical direction. The 
horizontal direction is here referred to as the direction in which the print-head/laser/cutting 
tool moves.  

 

 

Figure 2: Scan of impression of Zone Plate for each of the processes. Only a selection is 
shown from the centre of the Zone Plate to the border, increasing from 5 up to 50 cycles 

per inch, both in the horizontal and vertical direction. 
Although conclusions on the accuracy of printing different resolutions could 

subjectively be drawn from Figure 2, an objective measure is obtained by determining a 
Modulation Transfer Function for each of the printed outputs. The MTF is defined as the 
ratio of the modulation of the input signal and the output signal, 

  = 𝑔𝑔 𝑔𝑔𝑒𝑒 𝑒𝑒 𝑔𝑔𝑒𝑒 𝑔𝑔𝑔𝑔𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒
𝑔𝑔 𝑔𝑔𝑒𝑒 𝑒𝑒 𝑔𝑔𝑒𝑒 𝑒𝑒𝑔𝑔𝑔𝑔𝑒𝑒

. (2) 
Similar resolution targets are mainly used to assess the frequency response of optical 

measurement instruments where problems like aliasing do not occur and therefore the 
modulation can be simply determined based on minimum and maximum response values 
per frequency. In the case of the impressions shown in Figure 2, this would lead to an 
incorrect assessment of the performance, because the higher frequencies are not obtained 
but minimum and maximum values are still present in the calculation. We therefore 
determine the modulation via the Fourier domain: 

 𝑅𝑅 𝑅𝑅𝑅𝑅 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅  =  (3) 

Using equations 2 and 3 the MTF’s are determined for each of the processes and shown 
in Figure 3, indicating how well several frequencies are reproduced. An important 
observation is the dependency on the direction of the output, as presented in the left graph 
of Figure 3. Here it can be seen that in the vertical direction (orthogonal to the direction of 
the laser and print head movement) a higher resolution can be obtained. 

The MTF of the Océ 2.5D and CNC engraving process presented the highest achievable 
resolution, while the laser cut with the acrylic material shows the worst performance. 
These results are in agreement with the observations made earlier and indicated in Table 2. 
Based on the USAF test target, critical frequencies appear to occur at the 80% point of the 
MTF. An interesting observation was made from Figure 2 and 3 where the frequency 
response of the Océ 2.5D relief plate shows a peak at 45 cycles per inch, exactly around 
one tenth of the printer resolution. Although the impression of the CNC relief plate on the 
print (Figure 2) is nicely inked on the high frequencies, the inked lines are a bit thicker 
compared to the white spaces in between, which results in a low frequency response as 
shown in the MTF plot of Figure 3. 
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Figure 3: Modulation Transfer Functions based on the relief prints, comparing the 

different processes (left) and showing the direction dependency (right). 

5. CONCLUSIONS 

We have shown how several techniques can be used to create printing plates for the relief 
printing process. Imitating the Chiaroscuro woodcuts prints, we used two methods of 
carving printing plates out of wood and acrylic, along with two 3D printers, where plates 
were created by superimposing several layers of ink to modulate the surface texture.  

Impressions of the relief plates were obtained through a relief printing process, from 
which limitations of reproducible frequencies were determined. In our investigation we 
found that spatial frequencies above 45 cycles per inch were poorly reproduced. The Océ 
2.5D printing technique achieved the highest accuracy, preforming slightly better than the 
CNC engraving machine and laser cutting process. On the other hand we observed the 
effect of rounded edges in relief plates that were printed, while carving methods appeared 
sharper. 

Current experiments have focussed on surface structures generated from raster images 
as input. Future work will be undertaken to investigate the performance differences using a 
vector format, which should result in more clearly defined cut lines. This would be more 
directly related to the creation of hand-carved woodblocks which could be included as a 
ground-truth comparison. 
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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

Momotani Juntenkan., LTD

ABSTRACT
o c oice co or o  ma e  o n ation  aime  at ea ti  fini  are i fic t or man  er  

For this subject, to acquire knowledge of psychological processes for evaluating beauty is important. 
On the basis of this knowledge, the quantitative evaluation method could be developed using 
photographs of faces and image analysis technology or other color analysis technology. And then, 
this method could provide effective advices for users feeling difficulty in the color choices. In this 
study, the visual evaluation of beauty was conducted by 34 participants using 40 photographs of 4 
female faces applied 10 make-up foundations having individual colors. These colors were designed 
to change colors of faces to various color directions (bright-dark, red-yellow, etc.) on the basis of 
t e co or  o  t eir are ace  n  t en  t e image ana i  ere con cte  to fin  t e actor re ating 
with results of this visual evaluation. As a result, the index value indicating the dissociation degree of 
2 color directions had a strong negative correlation with scores of the visual evaluation. These color 
directions were calculated by plotting L*a*b* values on the arbitrary line from neck to cheek using 
image analysis. One of the color directions was set up as the direction from the color of the region of 
face line to the color of the region of neck. The other one was set up as the direction from the color of 
the region of face line to the color of the region of cheek where was the lower region in cheek. In fact, 
the more these color directions accorded, the higher these scores of beauty became, and the more these 
color directions dissociated, the lower these scores became. This result suggested that participants of 
the visual evaluation used this dissociation degree to evaluate beauty, and one of the main factor of 
beauty about faces applied make-up foundations was the feeling of strangeness by this dissociation. On 
the other hand, most of the bare faces get high index value of this dissociation. However, bare faces 
do not cause the feeling of strangeness which is similar to the feeling caused by faces applied make-up 
foundations having mismatched color. This fact indicates that psychological processes for evaluating 
ea t  o  are ace  an  ma e  ace  are i erent  e i c  t i  ecific roce  o  ma e  ace  

with these results and the result of the experiment using visual simulation.

7KH�5HODWLRQVKLSV�EHWZHHQ�&RORUV�RI�1HFN��&KHHN��DQG�
6KDGHG�)DFH�/LQH�$IIHFWV�%HDXW\�RI�0DGH�XS�)DFH�

<RXKHL�,VKLJXUR��0DPLNR�1DNDWR��(ULND�7RNX\DPD��1DR�0DWVXVKLWD��0LQRUL�<DPDKDUD
0RPRWDQL�-XQWHQNDQ���/7'�

$%675$&7�
7KH� FRORU� FKRLFH� RI� PDNH�XS� IRXQGDWLRQ� LV� RQH� RI� WKH� PRVW� LPSRUWDQW� VWHS� WR� PDNH� D�
EHDXWLIXO�ILQLVK�RI�PDGH�XS�IDFH��DQG�D�GLIILFXOW�SUREOHP�IRU�PDQ\�XVHUV��)RU�WKHVH�XVHUV��
WKHUH�DUH�PDQ\�DGYLFHV�LQ�PDUNHWV��6XFK�DV�³<RX�VKRXOG�ORRN�IRU�D�QHDUHVW�PDWFKLQJ�FRORU�
WR�WKH�FRORU�RI�\RXU�IDFH�OLQH´��+RZHYHU��WKHUH�KDYH�EHHQ�VHYHUDO�TXHVWLRQV�����:KHUH�LV�WKH�
EHVW� UHJLRQ�RI� D� IDFH� �RU�QHFN�� IRU� WKH�FRORU�PDWFKLQJ"� ��� ,V� FRORU�PDWFKLQJ� WR� D� FHUWDLQ�
UHJLRQ�WKH�EHVW�ZD\�WR�PDNH�D�EHDXWLIXO�ILQLVK"�,Q�WKLV�VWXG\��YLVXDO�HYDOXDWLRQ�WDVNV�ZHUH�
FRQGXFWHG� XVLQJ� LPDJHV� RI� -DSDQHVH� IHPDOH� IDFHV� DSSOLHG� PDNH�XS� IRXQGDWLRQV� KDYLQJ�
YDULRXV� FRORUV�� $V� UHVXOWV�� WKH� LQGH[� YDOXH� LQGLFDWHG� WKH� UHODWLRQVKLS� EHWZHHQ� FRORUV� RI�
VHYHUDO�UHJLRQV�KDG�D�VWURQJ�QHJDWLYH�FRUUHODWLRQ�ZLWK�VFRUHV�RI�EHDXW\�HYDOXDWHG�E\�WKHVH�
WDVNV�� ,Q� GHWDLO�� WKHVH� UHVXOWV� VXJJHVWHG� WKDW� SDUWLFLSDQWV� XVHG� WKH� FRLQFLGHQFH� RI� �� FRORU�
GLUHFWLRQV�IURP�WKH�FRORU�RI�VKDGHG�IDFH�OLQH�WR�WKH�FRORU�RI�FKHHN�RU�QHFN�LQ�/DE�FRORU�
VSDFH��WR�HYDOXDWH�WKH�SRVLWLYH�IHHOLQJ�DERXW�WKH�FRORU�FKRLFH�RI�PDNH�XS�IRXQGDWLRQ��

���,1752'8&7,21�
0DNH�XS�IRXQGDWLRQ� LV�RQH�RI� WKH�EDVLF�PDNH�XS� LWHPV��7KLV� LWHP� LV�XVXDOO\�DSSOLHG� WR�D�
ZKROH�IDFH��DQG�WKLV�ILQLVK�LV�VKRZQ�DV�D�VNLQ�WRQH��7KHUHIRUH��LI�WKH�FRORU�RI�WKLV�LWHP�ZDV�
IDU�IURP�WKH�QDWXUDO�VNLQ�FRORU��WKH�ILQLVK�LV�FHUWDLQO\�QRW�EHDXWLIXO��7KLV�IDFW�PHDQV�WKDW�WKH�
EHVW�FRORU�RI�WKLV�LWHP�WR�PDNH�D�EHDXWLIXO�ILQLVK�LV�GLIIHUHQW�IRU�HDFK�XVHUV��EHFDXVH�QDWXUDO�
VNLQ� FRORUV� RI� HDFK� XVHU� DUH� GLIIHUHQW�� )RU� WKLV� UHDVRQ�� WKH� FRORU� FKRLFH� RI� PDNH�XS�
IRXQGDWLRQ� KDV� EHHQ� GLIILFXOW� SUREOHP� IRU� PDQ\� XVHUV�� )RU� WKHVH� XVHUV�� WKHUH� DUH� PDQ\�
DGYLFHV�LQ�PDUNHWV��6XFK�DV�³<RX�VKRXOG�ORRN�IRU�D�QHDUHVW�PDWFKLQJ�FRORU�WR�WKH�FRORU�RI�
\RXU�IDFH�OLQH´��$QG�WKHUH�DUH�VHYHUDO�V\VWHPV�WKDW�FRXOG�JLYH�WKHVH�DGYLFHV�DXWRPDWLFDOO\�
XVLQJ�LPDJH�DQDO\VLV��H�J��-DLQ��HW�DO��������������+RZHYHU��VHYHUDO�GLIIHUHQW�UHJLRQV�KDYH�
EHHQ�UHFRPPHQGHG�DV�WKH�UHJLRQ�IRU�FRORU�PDWFKLQJ�LQ�WKHVH�DGYLFHV��DQG�LW�KDV�QRW�EHHQ�
FODULILHG�ZKHUH�WKH�EHVW�UHJLRQ�LV��)XUWKHUPRUH�� LW�KDV�QRW�EHHQ�YHULILHG�ZKHWKHU�WKH�FRORU�
PDWFKLQJ� WR� D� FHUWDLQ� UHJLRQ� LV� WKH� EHVW� ZD\� WR� PDNH� D� EHDXWLIXO� ILQLVK�� 7KHUH� LV� D�
FRQWUDGLFWRU\� FRPPRQ� RSLQLRQ� WKDW� PDQ\� -DSDQHVH� IHPDOHV� ZDQW� WR� PDNH� WKHP� IDFH�
EULJKWHQHG��&RQVLGHULQJ� HDFK�SRVLWLRQV� RI� WKHVH� UHJLRQV�� FKHHN� LV� XVXDOO\� DSSOLHG� UHJLRQ��
DQG�QHFN� LV�XVXDOO\�QRQ�DSSOLHG�UHJLRQ��7KXV��ZH�FRXOG�REVHUYH�WKH�UHODWLRQVKLS�EHWZHHQ�
FRORUV�RI�DSSOLHG�UHJLRQ�DQG�QRQ�DSSOLHG�UHJLRQ�LQ�QHFN�DQG�FKHHN��$QG�WKHQ��LW�LV�SUHGLFWHG�
WKDW� WKH� SRVLWLYH� IHHOLQJ� DERXW� WKDW� FRORU� FKRLFH� FRXOG� EH� HYDOXDWHG� E\� XVLQJ� WKLV� FRORU�
GLIIHUHQFH��+RZHYHU�� WKH�ERXQGDU\� LV�XVXDOO\�QRW�FOHDU�� DQG� WKHUH� LV� WKH�UHJLRQ�RI� VKDGHG�
IDFH�OLQH��,W�LV�JHQHUDOO\�NQRZQ�WKDW�DQ�H[LVWHQFH�RI�ERXQGDU\�UHJLRQV�RU�VKDGHV�LQWHUIHUH�WR�
SHUFHSW�RI�D�FRORU�GLIIHUHQFH�EHWZHHQ�ERWK�VLGHV��)XUWKHUPRUH��WKH�FRORU�IDFWRU�HIIHFWHG�E\�
VKDGLQJ� RI� KXPDQ� VNLQ� LV� QRW� RQO\� EULJKWQHVV� EXW� KXH� DQG� VDWXUDWLRQ�� EHFDXVH� RI� WKH�
FRPSOH[�UHIOHFWLRQ�VWUXFWXUH�RI�KXPDQ�VNLQ��,Q�RWKHU�ZRUGV��KXPDQ�VNLQ�KDV�FKDUDFWHU�DERXW�
WKH�VKDGLQJ�FRORU�GLUHFWLRQ�WKDW�LV�IURP�WKH�FRORU�RI�VKDGHG�UHJLRQ�WR�WKH�FRORU�RI�EULJKWHQHG�
UHJLRQ� LQ�/DE�FRORU� VSDFH��7KHUHIRUH��ZH�JXHVVHG� WKDW� WKH�PDLQ� IDFWRU�RI� WKH�SRVLWLYH�
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IHHOLQJ�DERXW� WKDW�FRORU�FKRLFH�LV�QRW� WKH�FRORU�GLIIHUHQFH�EHWZHHQ�FKHHN��DSSOLHG�UHJLRQ��
DQG�QHFN��QRQ�DSSOLHG�UHJLRQ���EXW�WKH�FRLQFLGHQFH�RI���FRORU�GLUHFWLRQV�IURP�WKH�FRORU�RI�
VKDGHG�IDFH�OLQH�WR�WKH�FRORU�RI�FKHHN��RU�QHFN��

���0(7+2'�
7KH�LQGH[�YDOXH�ZDV�GHYHORSHG�DV�HYDOXDWLQJ�WKH�SRVLWLYH�IHHOLQJ�DERXW�WKH�FRORU�FKRLFH�RI�
D� PDNH�XS� IRXQGDWLRQ�� ,W� ZDV� FDOFXODWHG� IURP� LPDJHV� RI� IDFHV� DSSOLHG� D� PDNH�XS�
IRXQGDWLRQ�XVLQJ�LPDJH�DQDO\VLV��DQG�EDVHG�RQ�RXU�K\SRWKHVLV�DERXW�WKH�PDLQ�IDFWRU�RI�WKDW�
SRVLWLYH� IHHOLQJ��$QG� WKHQ����YLVXDO� HYDOXDWLRQ� WDVNV�ZHUH� FRQGXFWHG� WR� YHULI\� WKLV� LQGH[�
YDOXH��

����,QGH[�YDOXH�
&DOFXODWLQJ� PHWKRG� RI� WKH� LQGH[� YDOXH� LV� VKRZQ� DV� IROORZV�� )LUVWO\�� HDFK� UHJLRQV� ZHUH�
GHILQHG��)LJXUH���D��VKRZV�WKH�OLQH�IURP�QHFN�WR�FKHHN�ZDV�VHW�XS�DUELWUDU\�LQ�WKH�LPDJH�RI��
IDFH��$QG�WKH�GDUNHVW�SL[HO�LQ�WKH�OLQH�ZDV�GHILQHG�DV�WKH�UHJLRQ�RI�VKDGHG�IDFH�OLQH��7KHQ��
/DE�YDOXHV�RI�WKHVH���UHJLRQV�ZHUH�JRWWHQ�IURP�HDFK�SL[HO�YDOXH�RI�WKH�VPRRWKHG�LPDJH��
)LJXUH���E��VKRZV�WKH��'�DQJOH�RI���FRORU�GLUHFWLRQV�IURP�WKH�FRORU�RI�VKDGHG�IDFH�OLQH�WR�
WKH�FRORU�RI�FKHHN�RU�QHFN��7KH� LQGH[�YDOXH�ZDV�GHILQHG� WKH� ORJDULWKP�RI� WKLV��'�DQJOH��
7KLV�YDOXH�EHFDPH�ORZHU�ZKHQ�WKHVH�GLUHFWLRQV�ZHUH�FRLQFLGHG��DQG�EHFDPH�KLJKHU�ZKHQ�
WKHVH�GLUHFWLRQV�ZHUH�GLYRUFHG��

)LJXUH�����D��VKRZV�HDFK�UHJLRQV�LQ�WKH�LPDJH�RI�IDFH���E��VKRZV�WKH��'�DQJOH�RI���FRORU�
GLUHFWLRQV�LQ�/DE�FRORU�VSDFH��

����9LVXDO�(YDOXDWLRQ�7DVNV�
7KH� ILUVW� WDVN� ZHUH� XVHG� ��� LPDJHV� RI� �� -DSDQHVH� IHPDOH� IDFHV� DSSOLHG� ��� PDNH�XS�
IRXQGDWLRQV�KDYLQJ�YDULRXV�FRORUV��)LJXUH���D��VKRZV�VRPH�LPDJHV�RI�WKHP�����SDUWLFLSDQWV�
REVHUYHG� WKHVH� LPDJHV� DQG� UHSOLHG� VFRUHV� ���� EHDXWLIXO�� ���� QRW� EHDXWLIXO�� ��� QRW� HLWKHU��
DERXW� WKHVH� FRORU� FKRLFHV�� ,Q� WKH� VHFRQG� WDVN�� VLPXODWHG� LPDJHV� ZHUH� XVHG�� )RU� WKH�
VLPXODWLRQ�����RULJLQDO� LPDJHV�RI� WKH�ILUVW� WDVN�ZHUH� VHOHFWHG�DV� WKH�JURXS�KDYLQJ�D�PLG�
UDQJH�LQGH[�YDOXH��$QG�WKHQ������VLPXODWHG�LPDJHV�ZHUH�PDGH�IURP�WKHVH�RULJLQDO�LPDJHV�
WR���FRQGLWLRQV����SDUDPHWHUV����VWHSV��DV�VKRZQ�LQ�)LJXUH���E���7KH�SDUDPHWHU�RI�KRUL]RQWDO�
D[LV�ZDV�WKH�FRORU�RI�QHFN��DQG�WR�FKDQJH�WKH�DQJOH�RI�WKH�FRORU�GLUHFWLRQ�IURP�WKH�FRORU�RI�
VKDGHG�IDFH�OLQH�WR�WKH�FRORU�RI�QHFN��7KHUHIRUH��WKLV�SDUDPHWHU�FKDQJHG�WKDW�FRLQFLGHQFH�RI�
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IHHOLQJ�DERXW� WKDW�FRORU�FKRLFH�LV�QRW� WKH�FRORU�GLIIHUHQFH�EHWZHHQ�FKHHN��DSSOLHG�UHJLRQ��
DQG�QHFN��QRQ�DSSOLHG�UHJLRQ���EXW�WKH�FRLQFLGHQFH�RI���FRORU�GLUHFWLRQV�IURP�WKH�FRORU�RI�
VKDGHG�IDFH�OLQH�WR�WKH�FRORU�RI�FKHHN��RU�QHFN��

���0(7+2'�
7KH�LQGH[�YDOXH�ZDV�GHYHORSHG�DV�HYDOXDWLQJ�WKH�SRVLWLYH�IHHOLQJ�DERXW�WKH�FRORU�FKRLFH�RI�
D� PDNH�XS� IRXQGDWLRQ�� ,W� ZDV� FDOFXODWHG� IURP� LPDJHV� RI� IDFHV� DSSOLHG� D� PDNH�XS�
IRXQGDWLRQ�XVLQJ�LPDJH�DQDO\VLV��DQG�EDVHG�RQ�RXU�K\SRWKHVLV�DERXW�WKH�PDLQ�IDFWRU�RI�WKDW�
SRVLWLYH� IHHOLQJ��$QG� WKHQ����YLVXDO� HYDOXDWLRQ� WDVNV�ZHUH� FRQGXFWHG� WR� YHULI\� WKLV� LQGH[�
YDOXH��

����,QGH[�YDOXH�
&DOFXODWLQJ� PHWKRG� RI� WKH� LQGH[� YDOXH� LV� VKRZQ� DV� IROORZV�� )LUVWO\�� HDFK� UHJLRQV� ZHUH�
GHILQHG��)LJXUH���D��VKRZV�WKH�OLQH�IURP�QHFN�WR�FKHHN�ZDV�VHW�XS�DUELWUDU\�LQ�WKH�LPDJH�RI��
IDFH��$QG�WKH�GDUNHVW�SL[HO�LQ�WKH�OLQH�ZDV�GHILQHG�DV�WKH�UHJLRQ�RI�VKDGHG�IDFH�OLQH��7KHQ��
/DE�YDOXHV�RI�WKHVH���UHJLRQV�ZHUH�JRWWHQ�IURP�HDFK�SL[HO�YDOXH�RI�WKH�VPRRWKHG�LPDJH��
)LJXUH���E��VKRZV�WKH��'�DQJOH�RI���FRORU�GLUHFWLRQV�IURP�WKH�FRORU�RI�VKDGHG�IDFH�OLQH�WR�
WKH�FRORU�RI�FKHHN�RU�QHFN��7KH� LQGH[�YDOXH�ZDV�GHILQHG� WKH� ORJDULWKP�RI� WKLV��'�DQJOH��
7KLV�YDOXH�EHFDPH�ORZHU�ZKHQ�WKHVH�GLUHFWLRQV�ZHUH�FRLQFLGHG��DQG�EHFDPH�KLJKHU�ZKHQ�
WKHVH�GLUHFWLRQV�ZHUH�GLYRUFHG��

)LJXUH�����D��VKRZV�HDFK�UHJLRQV�LQ�WKH�LPDJH�RI�IDFH���E��VKRZV�WKH��'�DQJOH�RI���FRORU�
GLUHFWLRQV�LQ�/DE�FRORU�VSDFH��

����9LVXDO�(YDOXDWLRQ�7DVNV�
7KH� ILUVW� WDVN� ZHUH� XVHG� ��� LPDJHV� RI� �� -DSDQHVH� IHPDOH� IDFHV� DSSOLHG� ��� PDNH�XS�
IRXQGDWLRQV�KDYLQJ�YDULRXV�FRORUV��)LJXUH���D��VKRZV�VRPH�LPDJHV�RI�WKHP�����SDUWLFLSDQWV�
REVHUYHG� WKHVH� LPDJHV� DQG� UHSOLHG� VFRUHV� ���� EHDXWLIXO�� ���� QRW� EHDXWLIXO�� ��� QRW� HLWKHU��
DERXW� WKHVH� FRORU� FKRLFHV�� ,Q� WKH� VHFRQG� WDVN�� VLPXODWHG� LPDJHV� ZHUH� XVHG�� )RU� WKH�
VLPXODWLRQ�����RULJLQDO� LPDJHV�RI� WKH�ILUVW� WDVN�ZHUH� VHOHFWHG�DV� WKH�JURXS�KDYLQJ�D�PLG�
UDQJH�LQGH[�YDOXH��$QG�WKHQ������VLPXODWHG�LPDJHV�ZHUH�PDGH�IURP�WKHVH�RULJLQDO�LPDJHV�
WR���FRQGLWLRQV����SDUDPHWHUV����VWHSV��DV�VKRZQ�LQ�)LJXUH���E���7KH�SDUDPHWHU�RI�KRUL]RQWDO�
D[LV�ZDV�WKH�FRORU�RI�QHFN��DQG�WR�FKDQJH�WKH�DQJOH�RI�WKH�FRORU�GLUHFWLRQ�IURP�WKH�FRORU�RI�
VKDGHG�IDFH�OLQH�WR�WKH�FRORU�RI�QHFN��7KHUHIRUH��WKLV�SDUDPHWHU�FKDQJHG�WKDW�FRLQFLGHQFH�RI�

FRORU�GLUHFWLRQV��ZLWKRXW�WR�FKDQJH�WKH�FRORU�RI�IDFH�DQG�WKH�FRORU�GLIIHUHQFH�EHWZHHQ�QHFN�
DQG�VKDGHG�IDFH�OLQH��7KH�FRPSDULVRQ�SDUDPHWHU�RI�YHUWLFDO�D[LV�ZDV�WKH�WKH�FRORU�RI�IDFH��
DQG�WR�FKDQJH�WKH�FRORU�GLIIHUHQFH�IURP�WKH�FRORU�RI�VKDGHG�IDFH�OLQH�WR�WKH�FRORU�RI�ZKROH�
IDFH��7KHUHIRUH��WKLV�SDUDPHWHU�FKDQJHG�WKH�EULJKWQHVV�RI�IDFH�ZLWKRXW�WR�FKDQJH�WKH�FRORU�
RI�QHFN�DQG�WKH�FRLQFLGHQFH�RI�WKHVH�FRORU�GLUHFWLRQV��3DUWLFLSDQWV�RI�WKH�VHFRQG�WDVN�ZHUH�
���DQG�RWKHU�UHJXODWLRQV�RI�WKH�VHFRQG�WDVN�ZHUH�IROORZHG�WKH�ILUVW�WDVN��

)LJXUH�����D��VKRZV�IDFHV�DSSOLHG�PDNH�XS�IRXQGDWLRQV�KDYLQJ�YDULRXV�FRORUV�IRU�WKH�ILUVW�
WDVN�� �E�� VKRZV� IDFHV� VLPXODWHG� WR�FRQWURO�DQ� LQGH[�YDOXH�RU�D�EULJKWQHVV�RI� IDFH� IRU� WKH�
VHFRQG�WDVN��

���5(68/76�$1'�',6&866,21�
$V�VKRZQ�LQ�)LJXUH���D���WKH�LQGH[�YDOXH�KDG�D�VWURQJ�QHJDWLYH�FRUUHODWLRQ�ZLWK�VFRUHV�RI�
WKH� ILUVW� WDVN�� 7KLV� FRUUHODWLRQ� FRHIILFLHQW� ZDV� ������ 7KH� RWKHU� KDQG�� WKH� FRUUHODWLRQ�
FRHIILFLHQW�RI�WKH�ORJDULWKP�RI�¨(��WKH�FRORU�GLIIHUHQFH�EHWZHHQ�FRORUV�RI�QHFN�DQG�FKHHN��
YHUVXV�WKHVH�VFRUHV�ZDV������DQG�VLJQLILFDQWO\�ORZHU��S�������7KLV�UHDVRQ�ZDV�WKDW�VKDGLQJ�
GHJUHHV� RI� QHFN� DQG� FKHHN� ZHUH� SDUWLDO\� GLIIHUHQW� LQ� WKHVH� LPDJHV�� DQG� WKLV� GLIIHUHQFH�
FDXVHG� ODUJH� ¨(�� 2XU� SURSRVHG� LQGH[� YDOXH� ZDV� EDVHG� RQ� WKH� FRQVLGHUDWLRQ� DERXW� WKLV�
GLIIHUHQFH�RI�VKDGLQJ�GHJUHHV��%HFDXVH�WKLV�GLIIHUHQFH�LV�XVXDOO\�VKRZQ�LQ�QDWXUDO�VFHQHV��

)LJXUH���E��VKRZV�UHVXOWV�RI�WKH�VHFRQG�WDVN��9DOXHV�RI�WKH�YHUWLFDO�D[LV� LQ�WKLV�ILJXUH�DUH�
GLIIHUHQFHV�RI�WKH�DYHUDJH�VFRUHV�RI�HDFK�URZ�JURXSV�DV�VKRZQ�LQ�)LJXUH���E��DJDLQVW� WKH�
VFRUH�RI�RULJLQDO� LPDJH��7KHUHIRUH�� WKHVH�YDOXHV� LQGLFDWH� WKH� HIIHFW� RI� WKHVH���SDUDPHWHUV�
ZKLFK� DUH� WKH� FRLQFLGHQFH�RI�FRORU�GLUHFWLRQV� DQG� WKH� EULJKWQHVV� RI� IDFH��7KHVH� S� YDOXHV�
ZHUH�FDOXFXODWHG�E\�XVLQJ�6WXGHQW¶V�7�WHVW�YHUVXV�WKH�DYHUDJH�VFRUH�RI�QRQ�FKDQJHG�LPDJHV�
RI� HDFK� SDUDPHWHU��2QH� RI� WKH� NQRZOHGJH� YHULILHG� IURP� WKHVH� UHVXOWV� LV� WKDW� WKH� SRVLWLYH�
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VFRUHV��$V�WKH�HIIHFW�RI�EULJKWQHVV�RI�IDFH�� WKH�HIIHFW�RI�GDUNQHG�ZDV�VLJQLILFDQWO\�VKRZQ��
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 2 Ninomiya Jewellery Co.Ltd.

ABSTRACT
Authors suggest some experimental methods to observe optical anisotropy of materials inducing 

impression in human sense.
o  or g aring materia  fi er  te ti e  e e etc  genera  o  ani otro ic or i crete 

re ection a  a i e ig t cattering   o e er  a  met o  ing a goniometer to o er e cattering 
intensity is not effective to estimate anisotropic distribution of beams scattered to surrounds.

S gge te  met o  i  e erimenta  a o t to mea re ani otro ic re ection n er irra iation  
external incident rays; scattered lights from a sample irradiated by straight beam are projected on some 

r ace it  contro e  a e  c  a  ara o ic or e i oi a  r ace   Pro ection or re ection at t e 
surface can be analyzed as 2-dimensional images observed at particular position.

Through imaging analysis, distribution of scattering in wide angle range can be estimated 
numerically and rapidly.

 

 

Experimental Method Suggested for Optical 
Observation of Anisotropic Scattering 

Akio KAWAGUCHI,1 Hirofumi NINOMIYA2 

1 Research Reactor Institute, Kyoto University 
2 Ninomiya Jewellery Co.Ltd.  

ABSTRACT 

Experimantal methods are suggested for observation of scattering considered with spatially 
anisotropic distribution.  Applying “transferring surface” which has controled curvature 
and orientation can achieve easy and rapid observation of emmision or radiation from a 
sample set at an unique point; emmision (such as emitted or scattered light from the 
irradiated sample) with spatial anisotropy is projected or reflected on “transferring 
surface” and transfered intensity is detected as two-dimensional images veiwed with 
observing instruments.  In this report, we adopted parabollic curved surface as 
“transferring surface”.  Such indirect observation can provide experimental merits as rapid 
and wide-range measurements with high resolution, and (observed) transferred intensity 
can be also revised through estimation of reflecting property on “transferring surface”; in 
the case of passively irradiated materials, it means effective experiments for bidirectional 
reflectance distribution function (BRDF).  The method can be appliable for vairous 
scattering: both spontaneous light source and irradiated materials, discrete scattering and 
gradated (or diffused) one, observation of spatial distribution and color dispersion, and 
more.  Measurements using straight light beams as incidence and “transfering surface” 
suggested analysis of distribution of light scattered by jewels (diamonds) and sheeny cloths 
(silk textiles). 

1. INTRODUCTION 

There are some genres for viewing estimation of commercial products where objective 
standards hardly exist or convictive explanations are not enough scientifically discussed.  
Estimation for jewels represented by diamonds is such typical operation which may be 
often regarded dubiously because the products are occasionally expensive; amateurs or 
customers have to trust judgments given by professionals or sellers. 

On the other hand, as estimation for jewels, chemical analysis for the samples or 
measurement for their geometrical shapes may be objective.(Schumann, 1977: 68)  
However, conclusion indicated by such procedures are independent from optical process or 
viewing impression.  Or, some instruments appeal results given by optical measurements 
but scientific explanations as physics are not sufficiently indicated.  

Even for either spontaneous light source or materials irradiated by external light, visual 
effects and functionality are determined by spatial distribution of light from the objects.  
Viewing illuminated materials that do not emit light spontaneously, perception for the 
viewed objects depends on spatial distribution of scattered light: distribution for intensity, 
wavelength dispersion, solid angle width, orientation of scattered light direction, etc. 

However, it is sure that all scattered light should be originated with external light 
incidence though their directions are unknown and do not have to be known, generally.  In 
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this sense, “isotropic” lighting or illumination, which is regarded as general and natural 
environments recommended for visual estimation, can be approximated by summation of 
straight incident beams with many enough direction. 

Authors have been investigating objective and convictive estimation for viewing 
diamonds and jewels, which are recommended to be judged with isotropic lighting 
environment such as orthodoxy “through a north window, on a fine day”.  As mentioned 
above, however, such isotropic lighting can be approximated by straight light beam(s) and, 
then, optical property can be discussed as physical light scattering.  Furthermore, suggested 
methods are generally applicable for estimation of other materials showing anisotropic 
light scattering. 

2. METHOD 

2.1 Samples 

As a jewel sample, a diamond cut as “round brilliant cut” design was prepared: weight c.a. 
0.2 ct., cut grade “very good (VG)”, girdle diameter c.a. 3mm.(Figure 1)  As sheeny 
textiles, three kinds of silk textile (Japanese “Nishijin-Ori”) sheets were investigated.  (A: 
white, B:pink , C: light blue, in Figure 1) 

 
Figure 1: Jewel and Textile samples. 

2.2 Optical Instruments and Layout: Mechanics and Fundamentality 

As light source, laser beam (red) and LED (white) were used.  Since each beam was 
collimated as straight incidence of 8 mm in diameter, which is larger enough than the 
jewel sample, they covered whole volume of the jewel sample.  Beams were alternately 
introduced to the sample on the same path using a half mirror and the incident beam can 
move in angle range of 4 = 0-90 deg. and ) = 0-270 deg. (Figure 2) 

 
 
 
 
 
 
 
 
 

Figure 2: Orientation of light source; meridian coordination, 4��and horizontal one, ). 

(incidence, red laser 

or white LED)

4

)
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Then, the sample position was a centre of light source running on a circle track with a 
rotating table; it was always irradiated by the incidence for all range of (4��)).  
Additionally, the position is also designed as a focus of following “parabolic surface”. 

The beams emmited from the sample were observed through “transfering surface”, 
which can be available as plane surfaces or curved ones generally.  Presently, we adopted 
parabollic curved surface which was coated by white powder (MgO) and was a circle of A 
= 200 mm in diameter with a slit of 10 mm width to introduce incident beams; emmission 
from the sample was observed as images projected on “transfering surface” as a curved 
screen. (Figure 3a)   

When the sample position coincides with the focus of the parabollic curve (“origin” in 
Figure 3b), beams emitted from the focus point (“red lines” in Figure 3b) are transferred to 
parallel beams (“orange lines” in Figure 3b); emitted direction, (T��I) is transferred to 
observing coordination, (r, I): r = r(T) = A(1-cos�T)/sinT or cos�T� �(A2-r2)/(A2+r2).  And, 
intensity scattered form the sample, I(T��I), is also transferred to Iobs(T��I) ≈ 
I(T��I)Us�T��)/D2, D = A/(1+cosT), Us: reflectivity on transfering surface.  Scattered beams 
projected on parabolic “transfering surface” were observed from a CCD camera at a point 
along the axis of the parabolic surface with sufficiently far distance, c.a.900 mm. (camera: 
Lumenera Lc370c, 3M-pixel; lens: Kowa LM25JC5M, f = 50mm)  Actual surface (white 
area in Figure 3a) was manufactured applying part of parabollic curve, y > 0, and screen 
diameter, A, corresponds to x = -2 ~ +2, in Figure 3b. 

Figure 3: (a, left) Parabolic surface (behind acrylic pillar) 
 and (b, right) its fundamentality. 

2.3 Analysis for Scattered Beams from Jewel. 

As light source, red laser beam was used for investigation of the jewel sample.  The 
sample was set at the sample position with tweezers owing three wires, and its “table 
facet” which was the top and largest plane of the design was (almost) oriented to 4=0 
direction.  Scattered beams emitted from the sample projected as “light spots” on the 
parabolic screen, and the view observed from the CCD camera was saved as image datum 
in a PC.  Moving orientation of the light source (4��)) as 82 positions and controlling 
sensitivity of the camera (low and high), taken 82 shots were converted to “two-value 
(zero-one)” images to estimate statistical distribution of size of “light spots”.  

For statistical analysis from the images, image analysing software, “WinROOF (Mitani  
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Corporation)”, was applied.  Distribution of size of “light spots” was summed for all (82) 
directions and was averaged for per one shot.  

2.4 Observation for Silky Textiles. 

For observation of silk textiles, white LED was used as light source moving in range of 4 
= 0-75 deg. and ) = 0-90 deg.  Each textile samples was set at the sample position with a 
double-coated tape on the top of a flat-head pillar; normal plane of the textiles was 
oriented to 4=0 direction.  Quantitative analysis for the textile samples was not considered 
in present work because of inaccuracy of reflectivity on the “transfering surface”. 

3. RESULTS AND DISCUSSION 

3.1 Emitted Beams from Diamond: Scattering by “Round Brilliant Cut” Design. 
For a “round brilliant cut” diamond, which has 58 facets generally, one incident beam was 
scattered as number of 103 ~ 105 (or much more, actually) emitted beams projected as 
“light spots”.  And such corelation of orientation between the straight incidence and each 
spot should be correctly indicating corelation between illuminating light (unknown and 
just before going into the jewels) and observation of the jewels as brilliancy or glare.  If so, 
estimation for distribution of solid angle width of emitted beams (or size of “light spot”) is 
fully meaningful since it is discussion of probability that each emitted beam can detected 
by an observer’s eye.  

Then, considering statistical tendency of distribution of size of “light spot”, histogram 
plot is indicated; ln{N(:)+1} vs. :, where : is a solid angle value (steradian) for each 
spot, N(:) is number of data contained in interval sections and “+1” term is introduced to 
avoid errors in logarithm function.  As a typical result, statistical distribution of solid angle 
distribution of emitted beams is indicated in Figure 4. 

Both plots for high sensitivity of camera and low one show existence of region 
applicable with “linear approximation” in low : range (emphasized with red dotted ovals 
in Figure 4); it means that, in low : range (as tendency of small or tiny “light spots”), 
statistical distribution of N(:) follows an exponential rule, N(:) ~ exp{�O:} (O > 0). 

On the other hand, even if number of tiny “light spots” is much large, bigger sized 
“light spots” which volume is relatively small may be more effective or more impressive  

Figure 4: Histogram plots, ln{N(:)+1} vs. :, and “linear region” in low : range;  
interval step is 1x10-5 strad., alternating camera sensitivity high (left) and low (right). 
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when customers actually look the jewels.  Above “exponential distribution in low 
:�range” is expected to clarify scientific objectivity for effective impression of jewels. 

Furthermore, though directions of the emitted beams are innumerable, the suggested 
method can provide data for spatial bias about their orientation and wave distribution.  
Such factors are expected to be efficiency on observers’ impression. 

Unfortunately, though above statistical distribution of size or solid angle can provide 
scientific grounds for facts of brilliancy of jewels, we have not yet arrived at relationship 
between the experimental data and professional jewelers’ judgment.  Considering intensity 
distribution of the “light spots”, correspondence between statistical distribution of : and 
estimation judged by jewelers have to be discussed and concluded in near future. 

3.2 Anisotropic Diffuse Scattering by Silk Textiles. 
(A) 

  (4 = 0, ) = 0 ) 

(B) 
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 Figure 5: Scattered light distribution observed as 2-dim images  
for three silk textiles irradiated with white LED incidence; 

“black band” viewed on center is a slit for incidence. 
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Applying the method and instruments for observation of scattering as “light spots” from 
jewel samples, we can observe anisotropic light scattering from glossy materials such as 
silk textiles.  However, since reflectivity function, Us(I) (I: reflective angle at each point 
on the “tranfering surface”), has not tuned correctly and quantitatively, the present image 
data are estimated or discussed qualitatively.  

Observation results for three silky textiles (A/B/C) irradiated with a white LED beam 
alternating incident orientation: 4 = 0, 30, 60, 75 deg. and ) = 0, 45, 90 deg.  Obviously, 
both dependency on colours of each sample and anisotropy of intensity, Iobs(4��); T��I) 
which is function for orientation of the light source (4��)) and direction of scattered light 
(T��I) or (r(T���I), were recognized in the images. (Figure 5)  It is noticeable that anisotropy 
in intensity of scattered light was frequently observed in area missing “incidence plane”, 
which corresponds with plane parallel to “black band (slit)” in Figure 5; these figures are 
two dimensional detection of bidirectional reflectance distribution function (BRDF) for the 
silk textiles. 

In measuring orientation of scattered or emitted intensity, usual orthodox experiments 
use a point-detector (a single camera) on a goniometer which catches intensity for some 
direction.  Such direct detection is the most accurate procedure to estimate intensity or 
dispersion.  However, it also has demerits: antinomy, “scanning range” or “resolution” vs. 
“measuring time”, or insufficiency in observation for irregular bias or distribution under 
gradation.  Indirect method of observation with “transferring surface” can introduce 
consistence between measuring time and resolution requiring standardization of 2-dim 
image and reflectivity of “transferring surface”. 

4. CONCLUSIONS 

Indirect observation of light scattered from objects applying “transferring surface” has 
potential advantages to estimate irregularity or anisotropy in light scattering.  When jewel 
samples such as cut diamonds are irradiated with a single straight incidence, scattered 
beams are emitted as “light spots” for innumerable direction.  Since correlation between 
insidence and emitted beams is approximation of recognization, statistical and orientaional 
analysis are expected to provide objectivity for human’s judgments.  Presently, 
“exponential distribution”, N(:)~exp{�O:} (O > 0), is found for distribution of low range 
of solid angle (:� as statistical tendency.  And, under standardization of 2-dim image and 
reflectivity of “transferring surface” and experimental devices, acquiring two dimensional 
distribution, (T��I) or (r�T���I), for scattered light as image data can provide more effective 
observation for objective estimation of glossy samples.  . 
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ABSTRACT
Color appearance of meat when cooking is important in order to confirm how it has been 

cooked. Color depends on the lighting condition such as the illuminance and the spectral power 
distribution. This study aims to measure the color of the meat when cooking under several LED 
lightings with the different spectral power distribution.

First, we prepared three kinds of minced meat, beef, chicken and pork, and shaped these 
meats into a cube, 2 cm on a side. Each cube of the minced meat was baked with an electric oven at 
the temperature of 200 degrees Celsius. We set 22 stages as the cooking time; using thirty seconds 
inter a  ti  fi e min te  one min te inter a  rom fi e ti  ten min te  t o min te  inter a  rom 
ten ti  t ent  min te  an  fi e min te  inter a  rom t ent  ti  t irt  min te  e t eac  c e 
into an integrating sphere with a diameter of 60 cm. Next, we measured the average chromaticity of 
each cube in at the raw stage and at the 22 stages of the cooking time above mentioned, using a two-
dimensional luminance colorimeter (UA1000A, Topcon Co. Ltd.) under eight lighting conditions; 
standard illuminant D65 and seven kinds of LED lighting conditions which differed in the correlated 
color temperature, the color rendering index and spectral power distribution. These LED lighting 
consisted of three types of white LED and RGB LED.

　　 According to the results of the minced beef under D65 lighting condition, L* value 
was 49.5, u’ value was 0.300, v’ value was 0.494 when it was raw. At the stage of ten minutes cooking 
time, L* value was 43.7, u’ value was 0.230, v’ value was 0.490. At the stage of thirty minutes, L* val-
ue was 33.5, u’ value was 0.236, v’ value was 0.481. Under 4000K white LED, L* value was 40.7, u’ 
value was 0.337, v’ value was 0.503 when it was raw. At the stage of ten minutes cooking time, L* val-
ue was 37.3, u’ value was 0.256, v’ value was 0.501. At the stage of thirty minutes, L* value was 31.9, 
u’ value was 0.247, v’ value was 0.492. We achieved color measurement of a meat when cooking, and 
indicated that the color change done by cooking is systematically different and depends on the lighting 
conditions.

Acknowledgement: The research was supported by JSPS KAKENHI Grant Number 25282006.
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ABSTRACT 

We measured the colors of meat during cooking under the standard illuminant D65 and 
several LED lighting conditions which differ in the spectral power distribution. First, we 
prepared three kinds of minced meat, beef, chicken and pork, which were shaped into 2 cm 
cubes. Each cubes of the minced meats was baked with an oven at the temperature of 200 
degrees Celsius. We made a spherical dome for measuring average chromaticity values of 
an object in the condition of no shadow. The dome equipped fluorescent lamps of the 
standard illuminant D65 and two kinds of LED lamps: RGB LED lamps and white LED 
lamps. We measured the average chromaticity of the top surface of minced meat cubes at a 
raw stage and 22 cooking stages using a two-dimensional luminance colorimeter under 
eight lighting conditions in the spherical dome. According to the results, the chromaticity 
values gradually decreased with the increases cooking time under all lighting conditions. It 
was also shown that the color appearance while the beef has been cooked depends on the 
lighting conditions.  

1. INTRODUCTION 

Color appearance is a powerful indicator of food quality (Hutchings 2010). When we cook 
meat, it is needed to be adequately heated to prevent food-poisoning among other aspects 
of safety and good hygiene. Therefore, the color appearance of cooked meat is important in 
order to confirm how it has been cooked. Color appearance depends on the lighting 
condition such as the illuminance and the spectral power distribution. It has been reported 
that the color appearance of food is different under the following three kinds of light 
sources: LED light, Halogen incandescent and compact fluorescent lamp (Ixtaina et al. 
2010). In addition, the colors of meat during storage under fluorescent lamps with different 
spectral power distributions (Saenz et al. 2005) and the color appearance of food in 
cooking process under D65 fluorescent lamp were measured (Sakai and Iyota 2013). This 
study aims to clarify quantitatively the color changes of meat during cooking under LED 
lighting conditions. We conducted measurements of the color of meat during cooking 
under several LED lightings with different spectral power distribution.  
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2. METHOD 

2.1 Measured objects 

We prepared three kinds of minced meat: beef, chicken and pork. We shaped these minced 
meats into a cube, 2 cm on a side. Each cube of the minced meat was baked with an electric 
oven [NE-M156-W, Panasonic] at the temperature of 200 degrees Celsius. We set 22 
stages of the cooking time; in 30 seconds intervals till 5 minutes, 1 minute intervals from 5 
till 10 minutes, 2 minutes intervals from 10 till 20 minutes and 5 minutes intervals from 20 
till 30 minutes. 

2.2 Apparatus 

We made a spherical dome for measuring the chromaticity values of an object with no 
shadow. Figure 1 shows the apparatus for color measurement of the minced meat. The 
inner wall of the dome was painted white, L*=93.59, a*=-0.38 and b*=2.40, measured with 
a spectrophotometer [CM-700d, KONICA-MINOLTA] in the setting of a D65 light source. 
The dome is equipped with two RGB LED lamps [iColor Cove MX Powercore, Philips 
Color Kinetics] and two white LED lamps [iW CoveMX Powercore, Philips Color 
Kinetics] with three kinds of LED chips with different correlated color temperature. It also 
had two fluorescent lamps of a standard illuminant D65 [FL20S D-EDL-D65, TOSHIBA]. 
These lamps were placed below the stage. The cubes of minced meat were put on the stage 
in the middle of the spherical dome. The top surface of the minced meat cube was 
measured by using a two-dimensional luminance colorimeter [UA-1000A, TOPCON Co. 
Ltd.] from the above. 

 

 

 

 

 

 

 

 

 

 

 a) Plan b) Section 

Figure 1: Apparatus for color measurement  

2.3 Lighting conditions 

We set eight kinds of lighting conditions: seven kinds of LED lighting conditions and the 
standard illuminant D65. Table 1 shows the lighting conditions. Figure 2 illustrates spectral 
power distributions of the eight lighting conditions.  

878
AIC2015 TOKYO - Color and Image



 

 

2. METHOD 

2.1 Measured objects 

We prepared three kinds of minced meat: beef, chicken and pork. We shaped these minced 
meats into a cube, 2 cm on a side. Each cube of the minced meat was baked with an electric 
oven [NE-M156-W, Panasonic] at the temperature of 200 degrees Celsius. We set 22 
stages of the cooking time; in 30 seconds intervals till 5 minutes, 1 minute intervals from 5 
till 10 minutes, 2 minutes intervals from 10 till 20 minutes and 5 minutes intervals from 20 
till 30 minutes. 

2.2 Apparatus 

We made a spherical dome for measuring the chromaticity values of an object with no 
shadow. Figure 1 shows the apparatus for color measurement of the minced meat. The 
inner wall of the dome was painted white, L*=93.59, a*=-0.38 and b*=2.40, measured with 
a spectrophotometer [CM-700d, KONICA-MINOLTA] in the setting of a D65 light source. 
The dome is equipped with two RGB LED lamps [iColor Cove MX Powercore, Philips 
Color Kinetics] and two white LED lamps [iW CoveMX Powercore, Philips Color 
Kinetics] with three kinds of LED chips with different correlated color temperature. It also 
had two fluorescent lamps of a standard illuminant D65 [FL20S D-EDL-D65, TOSHIBA]. 
These lamps were placed below the stage. The cubes of minced meat were put on the stage 
in the middle of the spherical dome. The top surface of the minced meat cube was 
measured by using a two-dimensional luminance colorimeter [UA-1000A, TOPCON Co. 
Ltd.] from the above. 

 

 

 

 

 

 

 

 

 

 

 a) Plan b) Section 

Figure 1: Apparatus for color measurement  

2.3 Lighting conditions 

We set eight kinds of lighting conditions: seven kinds of LED lighting conditions and the 
standard illuminant D65. Table 1 shows the lighting conditions. Figure 2 illustrates spectral 
power distributions of the eight lighting conditions.  

 

 

Table 1. Lighting conditions 

 

 

 

 

 

 

 

3. RESULTS AND DISCUSSION 

Figure 3 shows the mean values of chromaticity (L*,u* and v*) of the top surface of 
minced beef at 23 cooking stages under each lighting condition. It was shown that the L*, 
u* and v* values gradually decreased with increasing cooking time under all lighting 
conditions. The color appearance of the minced beef was different by the lighting condition 
as shown in Figure 4. The beef looked reddish under the lighting condition of LED-1 
though the beef had been sufficiently cooked. On the other hand, under the lighting 
condition of LED-5, the beef looked dusty-red at each cooking stage. Therefore, the color 
appearance of the beef during cooking depends on the lighting condition. 

 

 

 

 

 

 

 

 

Figure 3 : The values of the average chromaticity of minced beef 

 

 

 

 

 

 

Figure 4 : The digital image of minced beef  under the conditions of  
LED-1, LED-5 and D65 

Table 2 shows the color differences (ΔE*uv) of the measured chromaticity under all lighting 
conditions. The color differences were obtained in the calculation as below (Equation 1). 

Figure 2: The SPDs of the eight 
 lighting conditions. 
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ΔE*uv  | L*u*v*LED-i – L*u*v*D65 |                                                         Equation 1 

L*u*v*LED-i : chromaticity value under i-th LED lighting condition 

L*u*v*D65 : chromaticity value under the standard illuminant D65 

It was shown that the color difference values greatly differed among the LED lighting 
conditions. In particular, the color difference was large at the raw stage (0 second).  

Table 2. The color difference (ΔE*uv) of the measured chromaticity under 
LED lighting conditions and those under D65 lighting condition 

Lighting conditions LED-1 LED-2 LED-3 LED-4 LED-5 LED-6 LED-7 

0 second 54.06 34.95 21.58 11.78 18.04 12.65 14.32 

8 minutes 39.26 20.65 15.16 11.57 9.15 13.97 9.17 

14 minutes 37.15 15.44 11.04 9.39 8.15 11.20 5.60 

20 minutes 27.85 11.53 7.05 5.44 10.68 13.46 12.49 

30 minutes 28.32 10.03 9.65 5.93 10.22 11.39 7.55 

4. CONCLUSIONS 

We measured the color change of minced meat during cooking under various LED lighting 
conditions and compared their color appearance with those under the standard D65 
lighting. It was clarified that the chromaticity values gradually decreased with increasing 
cooking time under all lighting conditions and that the color appearance of beef during 
cooking depends on lighting conditions. 
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Color Temperature and Illuminance of Main Streets with
Day and Night Illumination in the Center of Osaka, Japan

Haruyo OHNO
Faculty of Media and Arts,Otemae University

ABSTRACT
Nowadays with an aim of creating comfortable, delightful and interesting urban environment, 

various factors in the actual environment are used to promote attractive plans.  There are many topics 
on the beauty of the scenery concerning color planning. In color planning, surveys obtained not only 
from the surface color but also lighting planning are very important.

The author considers it is very important to designate lighting planning for urban color planning. 
This paper includes a survey concerning lighting atmospheres of the urban districts and ques-

tionnaires in Osaka City. The author obtained data from 2 main sources: 1)measurement data on day-
light and night illumination. 2) questionnaires obtained from young people in Osaka.

.  Firstly  two downtowns were selected to decide measurement point, one was northern and the 
other southern in the center of Osaka City.　 5 streets had been picked up in each downtown and 16 
measurement points were chosen on each street with 20 meter interval. In every point was measured 
the value of horizontal and vertical Illuminance, horizontal and vertical chromaticities on daylight and 
night illumination respectively during three days.  

e tionnaire  ere carrie  to fin  an  i erence in c o ogica  erce tion  re ating to ig t-
ing on these streets.  The subjects were all students in their twenties and had visited those streets on the 
day and night.

As a result of the survey, the mean value of illuminance on every street was same considerably 
at night but not daytime, and that of chromaticities were not shown differently comparing to illmiman-
nce. The result from questionnaires had shown the street lighting was effective in making people feel 
bright and safe.

The conclusions will not be enough to implemented, however the author can recommended how 
to improve illumination on the street and how to change them to achieve a better visual impact and 
perception.
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ABSTRACT 

There are many topics on the beauty of the scenery concerning color planning. The author 
considers it is very important to designate lighting planning1) for urban color planning. This 
paper includes a survey concerning lighting atmospheres of the urban districts and 
questionnaire survey in Osaka City. As a result of the survey, the mean value of  
illuminance was considerably similar between  each street at night-time but not at daytime, 
on the other hand, that of chromaticities did not show significant difference between night-
time and daytime. The questionnaire survey indicated the street lighting was effective in 
making people feel bright and safe. 

1. INTRODUCTION 

Nowadays with an aim of creating comfortable, delightful and interesting urban 
environment, various factors in the actual environment2),3) are used to promote attractive 
plans.  In color planning, not only the surface color but also lighting planning are very 
important. The author obtained data from  two main sources: 1) measurement data on 
daylight and  night illumination, and 2) questionnaire survey obtained from young people 
in Osaka.  Firstly  two areas were selected as survey sites, one northern and the other 
southern areas  in the center of Osaka City. Five streets were picked up in each area. In 
every measuring point, the horizontal and vertical Illuminance, as well as the horizontal 
and vertical color temperature were measured both in daylight and night illumination for 
three days. Questionnaire survey was carried out to find any difference in psychological 
perceptions relating to lighting on these streets.  㻌 㻌  

2. METHOD 

The author investigated the illumination of Osaka city by using measurement data and the 
visual perception of those illuminations. This research includes data collected from two 
main sources: 1)  measurement data in daylight and night illumination, and 2) 
questionnaire survey obtained from young people. 

 2.1 Measurement Data  

10 survey locations were selected  for this study as shown in Table 1. These streets were 
located in the center of Osaka city, Umeda, a northern area, and Namba, a southern area. 
Five streets, grouped into three district features, the shopping arcade, the downtown and 
the main  street, were picked up from each area. For each street, we monitored 16 
measurement points with 20 meter interval covering 300 meter length, total 160 measuring 
points. Data was  recorded  6 times during the collection  period  between  July to 
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November 2009, at daytime and at night-time for three days. We measured the values of 
horizontal and the vertical illuminance and the horizontal and vertical chrommaticities of 
daylight and night illumination.  Data were recorded in daytime (10:00 to 16:00) and at 
night-time (18:00 to 22:00). Thus each points had total of 24 measurement values. 
MINOLTA-CL-200 was used to identify the illuminance and the relative color temperature. 
At the same time the author also evaluated the visual perceptions of the lighting 
circumstances at these monitoring points. There were 11 items that the author considered; 
brightness, confusion, beauty, warmth, exoticism, nature, calm, plane, ordinary, harmony 

and pleasant for psychological evaluations. 

 Table 1  Survey Locations 

 

2.2 Questionnaire Survey  

Questionnaire survey was carried out to find any difference in psychological perceptions 
relating to  lighting on these streets  in Osaka city November 2009 by e-mail. 100 subjects 
were asked to give their visual perception of the street lightings. They were all students in 
their twenties and  had  visited  those streets  both at daytime and  night-time. 

 

3. Results and Discussion 

��� Shopping Arcade 

These streets have  an  arcade, shops facing each other  and  the  road  7m  in width.�

1) Illuminance�

The horizontal illuminance data of daytime at Higashidori  is shown in Fig.1. The mean 
value of the horizontal illuminance at each point ranges from 800lx to 3,700lx. The higher 
illuminance 20,000lx is observed at the 160m point on the street as there is an intersection 
on that point. The vertical illuminance of this street ranges from 300lx to 2,000lx as shown 
in Fig. 3. To compare with measurement data of other street, the mean value of three days 
are used to evaluate the illumination of each  street. At night, the horizontal illuminance 
ranges from 250lx to 900lx and the verticl illuminance  from 40lx  to160lx,  

2) Relative Color Temperature  

Figure 2 and 3 shows the results of the relative color temperature versus the horizontal 
illuminance and the vertical illuminance, respectively. The relative color temperature 
ranges from 4,700K to 5,800K for the horizontal illuminance and from 4,600K to 5,300K 
for the vertical illuminance. In the daytime, the color of the light source is blue or whitish 
blue.  These illuminance data  shows  some difference, but little difference for the visual 
perception according to the paper described by the authors, within the measured 
environment..At night, the relative color temperature ranges from 4,400K to 4,900K for the 

Place  Shopping Acade㻌  㻌 㻌 㻌 㻌  Downtown Avenue  

Umeda  Higashi  
Dori  

Ohatsutennjin 
Dori  

Cyayamachi  North 
Nishiumeda  

South 
Nishiumeda 

Namba    Shinsaibashi  Sennichimae  Doutonbori  North Midou  South Midou  
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horizontal illuminance and from 3,600K to 4,800K for  the vertical illuminance. The colors 
of the light source is   reddish . 

 
Fig.1 The horizontal  illuminance  from  daylight at   Higashidori  shopping arcade  

 

 

 

 

 

 

 
Fig.2 The relationship between horizontal          Fig3 The relationship between vertical 

 Illuminance and relative color temperature    illuminance and relative color temperature 

at day and night (Higashidori )                                  at day and night(Higashidori) 

 

 3.2the downtown  

These streets have roads 7m wide in north area and 14m wide in south area, respectively 
and  open to sky. Shops are facing each other and  are around  15m  in height. 

1) Illuminance 

In daytime at Cyayamachi Street, the horizontal illuminance ranges from 13,400lx to 
22,000lx and the vertical illuminance from 3,800lx to 7,300lx. At night, the horizontal 
illuminance ranges from 20lx to 80lx and vertical illuminance from 10lx to 50lx. These 
values are quite low as compared with those of shopping arcade. 

2) Relative Color Temperature 

The relative color temperature ranges from 5,900K to 6,100K for the horizontal 
illuminance and from 5,700K to 6,000K for the vertical illuminance in the daytime. The 
color of these light sources is whitish blue. At night, the relative color temperature ranges 
from 2,500K to 3,300K for the horizontal illuminance and from 2,600K to 3,200K for the 
vertical illuminance. The colors of the light sources are reddish and orange. In daytime, 
these data are similar to those observed in shopping arcades, but different at night-time.�

 

3.3 Main Street 
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The roads of these streets are 15m wide in north area and 45m wide in south area, and open 
to sky. The buildings are around 30m in height and most of shops are located on the first or 
second floor.��

1) Illuminance 

In daytime at North Street of Nishiumeda, the horizontal illuminance ranges from 100lx to 
5,700lx and the vertical illuminance from 500lx to 2200lx. At night, the horizontal 
illuminance ranges from 8ix to 44lx and the vertical illuminance  from 5lx to 25lx, These�
night  data at  night are quite  low as compare with those of shopping arcade at night. 

2) Relative Color Temperature 

7he relative color temperature ranges from 5,800K to 6,300K for the horizontal 
illuminance and from 5,500K to 5,800K for the vertical illuminance during the daytime and 
the colors of  these light sources is whitish blue. At night, the relative color temperature 
ranges from 2,400K to 3,900K for the horizontal illuminance and from 2,600K to 3,200K 
for the vertical illuminance. The colors of the light sources are reddish and orange. These 
data are similar to those of downtowns at daytime and night- time. 

3.4 Questionnaire Survey  

 Questionnaire surveys were carried out to find any difference from visual perceptions 
relating to lighting on these streets, the author got the street lighting was effective in 
making people feel bright and  safe, but not clear to find delightful and  interesting 
lightings.  

4. CONCLUSIONS 

The illuminance of daylight at the shopping arcade area is about 1/2 as compared with two 
other area, but it is more than 5 times higher than those of two other areas at night. The 
color of the light source from daylight at the shopping arcade is whitish and that of other 
areas is whitish blue, .and from nightlight the former is reddish, the latter are reddish and 
orange, Although the data obtained in this research may not be enough to indicate clear 
conclusion,  however the author can recommended how to improve illumination on the 
street and how to change them  to achieve a better visual impact and� perception. 
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Changes of Color Names and Coloring Materials in Japan
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ABSTRACT
The color of Japan had several conversions historically, and at least three conversions exist. 

e fir t con er ion i  intro ction o  t e co or notion in t  cent r  e ore t at  a e  nat ra  
e  an  minera  igment  ere a rea  e  in a an  eca e o  t e ac  o  t e i torica  materia  

t e act a  circ m tance o  ormation an  c a ification a o t co or name  are not c ear  ro n  t e 
t  cent r   tra e it  t e ina c  a  t e ang na t  an  t e co ntrie  o  orean Penin a  
Sai i i co oring  t e man act re o  igment  t e notion o  co or i e o i i  co or  ere 

con e e  to a an  ter t at  ario  co or name  a eare  in a an  ro g  t e or  o  art an  t e 
i torica  materia  o  t e t  cent r  e can ee t e e e o ment o  co or materia  an  co or name

e econ  con er ion too  ace in eian erio  e a o ition o  o icia  en o  to ang 
na t  an  t e imitation o  t e ine e ang c t re ere o er at t e en  o  t  cent r  ter t  

century, enhancement of the Japanese culture led to the development of literature, dresses and their 
ornament  at a on c t re in t e o rt  n t i  time  ne  co or a ane  a  create  in re e  t 

e cri e  t e co or  ic  a ere  or t in or er an  i ene  t e co or to t e ant  or t e nat ra  
enomenon  i  ne  co or  a  not t e i co er  or e e o ment o  ne  co oring materia  an  
e  oreo er  t e i  an  no e ge o  t e e ant c ti ation ic  contin e  rom a an  

ara erio  a  eg n to e o t gra a  rom t i  time  ome co or  e en i  t e  ere ma e o  
anot er co or materia  a  een ca e  a  t e ame co or name

e t ir  con er ion i  c ange o  t e co oring materia  n ro e  nt etic e  a  
e e o e  in t e t  cent r  an  t e ainting  c ange  n a an  at t e ei i e toration  

e terni ation  a  ca e  or  en t e in o  o  tec ni e  an  materia  o  oi  ainting an  
aterco or ainting too  ace  rt ermore it ro g t a o t c ange o  t e co oring materia  o  

a ane e fine art  an  tra itiona  an icra t  Sim taneo  t e co or t eor  e e o e  in ro e 
an  merica a  a o ro g t to a an  e co or mi ing an  t e t ree rimar  co or  ere t ie  
imme iate  in a an  e ore in o  o  nt etic e  co oring materia  mo t o  minera  igment  
co  not accom i  t e e re ion o  mi t re o  co or  o e er   c anging t e co oring materia  
an  t ing o  t e co or mi ing an  t e t ree rimar  co or  co or  ere mi e  an  ne  co or  ere 
e re e  at a ane e fine art  an  cra t

ter a ing t ro g  c  c ange  ome ne  co or   nt etic e  an  im orte  co oring 
materia  ere come to e ca e   co or name  o  o  materia  ccor ing  it a  not een 
ma e a n ant  c ear et er or not t e co or  ca e  a  t e co or o  a an  act a  a e a ane e 
traditional elements. Since the situation of such multistory changes are not researched, this research 
organi e t e i torica  con er ion o  t e co or o  a an  an  it c ari ie  t e ac gro n  o  co or 
notion development of Japan.

Changes of Color Names and Coloring Materials in 
Japan
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Tokyo Polytechnic University, Faculty of Arts

ABSTRACT
It is necessary to organize the historical changes in the Japanese colors. The color of 

Japan had several changes historically, and at least three changes exist. The first change is 
introduction of the color notion in th century. Aro n  t e t  cent r   tra e it the 

ina c  a  t e ang na t  an  t e co ntrie  o  orean Penin a  
Sai i i co oring  t e manufacture o  igment  t e notion o  co or i e o i i  

co or  ere con e e  to a an  ter t at  ario  co or name  a eare  in a an  e 
second change took place in Heian period  ter th century, enhancement of the Japanese 
culture led to the development of literature, dresses and their ornaments at salon culture in 
the ourt. In this time  ne  co or "Kasane" a  create in dresses  t e cri e  t e co or  

ic  a ere  or t in or er an  i ene  t e co or to t e ant  or t e nat ra  enomenon  
From t i  time  ome co or  e en i  t e  ere ma e o  anot er color materials a  een 
called as the same color names. e t ir  c ange i  c ange to t e ne  co oring materia In 
Europe, synthetic dyes a  e e o e  in t e t  cent r  and the "painting" changed. In 
Japan, at t e ei i e toration  e terni ation  a  ca e  or  Then t e in o  o  
tec ni e  an  materia  o  oi  ainting an  aterco or ainting too  ace  
Simultaneously, the color theories developed in Europe ere a o ro g t to a an  e 
co or mi ing an  t e t ree rimar  co or  ere t ie  imme iate  in a an  After passing
through such changes  ome ne  co or  ere come to e ca e   co or name  o  o  
materials. Since the situation of such multistory changes are not researched, this research 
organize the historical change o  t e co or o  a an  an  it c ari ie  the multi-layered 
color names of Japan.

1. INTRODUCTION
It is difficult to define "The color of Japan", eca e a a various color names and color 
materials. Therefore, it is necessary to organize the historical changes in the Japanese 
colors. If you look at the historical change of color names, materials and theories, you 

o  recogni e t ree ma or changes. In order to organize complex color names and 
materia  a o t e co or o  a an   o  i e to arrange t e i torica  c ange  o  
colors in Japan.

2. THE FIRST CHANGE
The first change i  intro ction o  t e co or notion in t  cent r  e ore t at  a e  

nat ra  e  an  minera  igment  ere a rea  e  in a an eca e o  t e ac  o  t e 
i torica  materia  t e act a  circ m tance o  ormation an  c a i ication a o t co or 

names are not clear. There ere a o e  co oring materials used as pigments. Around the 
t  cent r   tra e it  t e ina c  a  t e ang na t  an  t e co ntrie  o  orean 

Penin a  Sai i i co oring  t e man act re o  igment  t e notion o  co or i e 
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o  recogni e t ree ma or changes. In order to organize complex color names and 
materia  a o t e co or o  a an   o  i e to arrange t e i torica  c ange  o  
colors in Japan.

2. THE FIRST CHANGE
The first change i  intro ction o  t e co or notion in t  cent r  e ore t at  a e  

nat ra  e  an  minera  igment  ere a rea  e  in a an eca e o  t e ac  o  t e 
i torica  materia  t e act a  circ m tance o  ormation an  c a i ication a o t co or 

names are not clear. There ere a o e  co oring materials used as pigments. Around the 
t  cent r   tra e it  t e ina c  a  t e ang na t  an  t e co ntrie  o  orean 

Penin a  Sai i i co oring  t e man act re o  igment  t e notion o  co or i e 

o i i  co or  ere con e e  to a an  ter t at  ario  co or name  a eare  in 
Japan. o i i  i  i e co or  a o t re  e  ac  ite  e o  o i i i  a 
conce t t at a  a ociate  it  t e i e e ement   ing  an  i  a o a tematic 
color classification ig re . oo  re re ent  green ic  inc e e  ire re re ent  
red. Earth represents e o eta  re re ent  ite  n  ater re re ent  ac n ina  
the five colors is important as a formal color. e ore t e i e co or  introduced into Japan, 
red color of Aka-T c i minera  o  re  c a  an  e green color of Yama-Ai  

ant  o  erc ria i  eiocar a  ere ami iar co ors in Japan. The first Japanese colors
ere con i ere  to e t o e co or

Figure 1: Gogyo and Goshiki(5 Elements and 5 Colors).

er in an  a  ointe  o t e ta i ment or er o  co or term  t i  ite an  ac  i  
ir t e ta i e  an  t en t e re  e o  an  green i  o o e . Satake Akihiro consider 

t e a re  ro ac  S iro ite  o e  a  een e ta i e  rom the 
representation on the initial literature of Japan. He thought that Aka comes from 
A ar i rig t  ro come  rom urai ar   ite come  rom i  S iroi c ear  o 
comes from Aoi ag e  ig re  o e er a ter intro cing o  t e i e co or  to Japan, 

e to trong in ence  t e c t re o  ine e c aracter  t e a ane e i ea o  t e co or 
come  t e i e co or  a  it a e

Figure 2: Appearance of Japanese Color Names.

rent er in  Pa  a  Basic Color Terms: Their Universality and 
Evolution. ni er it  o  icago re   -
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3. THE SECOND CHANGE
The second change took place in Heian period. The a o ition o  o icia  en o  to ang 

na t  an  t e imitation o  t e ine e ang c t re ere o er at t e en  o  t  
century.The pigments of pictures and sculptures like "Syusa  on o " and 
etc ere cri e  in  man cri ts "Shosoin- on o  o  t e t  cent r  t t at era  ario  
igment   ere o io  c a i ie  an  ere e o or name o  materia  eri e  ave 
een ritten man  in S o -Nihongi" and "Shosoin- on o  o  t e t  cent r  

construction of Todai- i em e a  een ma e a  a nationa  ine  i t art a  
e e o e  n   ro ction o  ainting  an  c t re  a  een acti e  ro ce  e 

many in  o  co oring materia  in cri e on the historical materials indicates that the 
n er tan ing an  arrangement o  t e co or materia  an  co or name  ere ma e
o e er at  a ane e mi ion  to ang na t  ere a o i e  an  t e era o  

imitation o  t e ina  ang c t re a  ini e ter th century, enhancement of the 
Japanese culture led to the development of literature, dresses and their ornaments at salon 
c t re in t e o rt  n t i  time  ne  co or a ane  a  create  in re e ig re . It 
e cri e  t e co or  ic  a ere  or t in order and likened the color to the plants or the 

natural phenomenon Figure i e ne  man  co ors appeared as Kasane, the discovery 
an  e e o ment o  ne  co or materia  eren t ma e  o e er  increa ing o  ric  co or 
e re ion in con nction ith development of the literature had represented the extension 
and understanding of Japanese color cultural development.

Figure 3: Images of Kasane colors.

Figure 4:Mood of Kobai Japanese apricot, Prunus mume color, from “Masasuke 
Syozoku-syo” Historical Material of Heian period.
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and understanding of Japanese color cultural development.

Figure 3: Images of Kasane colors.

Figure 4:Mood of Kobai Japanese apricot, Prunus mume color, from “Masasuke 
Syozoku-syo” Historical Material of Heian period.

e ore intro cing o   co or  to a an  t e co or name a  een re re ente   t e 
materia  o e er  t e i  an  no e ge o  t e e ant c ti ation ic  contin e  
rom a an  ara erio  a  eg n to e o t gradually. From around this time, some 

co or  e en i  t e  ere ma e o  anot er co or materia  a  een ca e  a  t e ame o  
co or name  eca e o  t at  t e a ane e co or names have such overlapping complexity.  

n  t e e ta i ment o  t i  m ti-layered color name  a not limited to the Heian 
perio  an  a  occ re  gra a .

4. THE THIRD CHANGE
The third change i  c ange to t e ne  co oring materia  n ro e  nt etic e  ere
e e o e  in t e t  cent r  an  t e ainting  a  c ange  n a an  t ro g  t e ei i 
e toration  e terni ation  a  ca e  or  n eit er o itic  econom  in tr or 

c t re  a ane e eo e ere i ing to earn t e no e ge an  tec no og  o  t e e t  
i  circ m tance a  ame in t e art  en t e in o  o  tec ni e  an  materia  o  oi  

ainting an  aterco or ainting too  ace  rt ermore it ro g t a o t c ange o  t e 
co oring materia  o  a ane e ine art  an  tra itiona  an icra t  n t e ei i era  
im orte  ro ean co oring materia  a  to e ca e  in more t an one co or name ic  
called the color names from European pronunciation and Japanese color names. In 
a ition  a igne  a ane e co or name  to im orte  materia  ere meant ometime  
another color material. Simultaneously, the color t eorie  e e o e  in ro e ere also 
ro g t to a an   e co or mi ing an  t e t ree rimar  co or  ere intro ce  an  
t ie  a  oon a o in a an  eorie  o  eorge ie  –  a i  re ter 

–  ermann on e m o t  –  ame  er  a e  –  et 
a  ere intro ce As the expansion of color science in a an  t ere a  S i i ai- a  

o or Science   ic i a ano to intro ce a ot o  no e ge a o t color science of 
Europe, an  t ere a  remar a e teac ing at t e ie  o  art e cation  S ira ama 
Akira. In addition, "Shikisai Shin- on  o  ei a  ag c i a  t e ir t a ane e co or 
t eor  eni re  o  a o er e o  e o i e o  n igo  a  ritten 
a  t e t ree rimar  co or  in t at ook. t a  remar a e t at eni re  an  i e  
a  een ritten a  co or c a i ication

  

Figure 5: Beisaku Taguchi,”Shikisai-Shinron”
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5. CONCLUSIONS
 a ter t ree ma or changes o  co or  a ane e co or a  een e ta i e  

rrent  ome "ne  co or  ma  e re erre  a  the color name of "old" materials. For 
e am e  t e co or it  a name c  a  o -S o a ac ite  an  n- o

rite  originally re er  to t e co or materia   t e nat ra  igment from around the 8th 
century. o a i Patina or er igri  an  one o  S in- a- nog  o ore  
g a  o er ic  are ma e rom ra ing t e nt etic e   are  ca e  a  o -Syo"
today.

n t e i tor  o  a ane e co or c t re  t ere a e not een t ie  a o t ma or c anges 
a  e cri e  a o e  n t i  a er   mmari e  t e ma or c anges of Japanese color. 

eca e o  c  c ange  o  co or  t ere a eare  t e m ti-layered color names. In 
a ition  it a  a o ointe  o t emerging a o t t e co or o  t e ame co or name  ile 
different color materials. Then, I pointed out reason for further complicatedness of 
a ane e co or t at ca e   o ing o  ro ean c t re to o ern a an In order to 

e ore t e ec iaritie  o  co or materia  an  co or name  in a an   o  challenge 
ee er in e tigation an  re earc  a o t t e co or name  an  co or materia  o  a turning

point of changes of colors in the future.
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ABSTRACT
e io ence i  a ocia  enomenon  t at  a t o g  it a  een re ent in a  t e i tor  o  

t e man eing  i  not in erent to a  t e in i i a  an  it i  no n t at t e ocia  en ironment 
contri te  to it  e e o ment

e ear ro ce   t e io ence i  inten i ie  in t e c i  o ation an  t at i   e 
con i ere  im ortant to no  at t e c i ren t in  a o t t e io ence  o  t e  ercei e it an  
i  it i  o i e  o  t e  ee  it  e ee  t e e an er  t ro g  t o me ia t at are ami iar an  not 
angero  or t em  co or an  ra ing

ot  are ri i ege  e ement  or t e re earc  o  io ence t ro g  a i a  image  ra ing i  
a motor  ontaneo  coor inate  an  er  com e  acti it  t at contri te  to t e ormation o  
personality, and color is an element that stimulates the emotions, and, as a communicating element, 
in orm  a o t t e emotiona  tate  t ro g  t e ana i  o  t e meaning  an  ormation o  c romatic 

attern  o n  in t e ra ing  rti  at i   e can a  t at man  i e in a m o ic 
or  o  co or  in ic  t e meaning  re ate  to nat ra  roce e  ecome ocia  meaning  an  t e  

orm an im ortant art o  t e c t re ere t e  emerge
e re earc  re ente  erein i  oriente  to ar  t e in e tigation an  t e t  o  t e a  in 

ic  t e c i ren ra  an  co or io ent cene  ince t eir ra ing  i  et  no  t eir er ona  
experiences. 

r o ecti e  ere
 o no  t e in ence o  t e nati e an  r an c t re  in t e re re entation an  e o  co or  

of violence.
 o no  t e co or  an  t e meaning  t at c i ren rom ten to t e e ear  e in t eir gra ic 

representations of violence and not violence.
Population and sample:

e am e o  t e e ican o ation a  o taine  rom c i ren i ing in e ico it  an  
in t e State  o  errero an  a arit in nati e r ra  o ation  e o era  am e con i te  o   
c i ren rom e ico it   rom a arit  an   rom errero

Method 
e e  a a itati e met o  ing r etorica  an  emiotic ana i  o  t e image  or t eir 

interpretation.
e t
ere are im ortant i erence  in t e e o  co or an  t e ra ing  in t e t ree gro  t ie

i iogra  
errer   o  eng a e  e  co or  ico  on o e c t ra con mica
rti     ignifica o e o  co ore  ico  itoria  ri a  
rti   So r ano   ico  e  co or en ico  e  m n o  ico  

“DIFFERENCES IN THE DRAWINGS AND THE 
COLOR OF THE VIOLENCE IN CHILDREN 

FROM THREE DIFFERENT CULTURES.” 
Dra.Georgina Ortiz Hernandez 

Universidad Nacional Autónoma de México, AMEXINC 
Dra. Mabel López 

Universidad de Buenos Aires, GAC 
 

ABSTRACT 

The violence i  a ocia  enomenon  t at  a t o g  it a  een re ent in a  t e 
i tor  o  t e man eing  i  not in erent to a  t e in i i a  an  it i  no n t at 

t e ocia  en ironment contri te  to it  e e o ment  
 

e ear ro ce   t e io ence i  intensified in the child population and that is 
 e con i ere  im ortant to no  at t e c i ren t in  a o t t e io ence  

o  t e  ercei e it an  i  it i  o i e  o  t e  ee  it  e ee  t e e an er  
t ro g  t o me ia t at are ami iar an  not angero  or t em  co or an  ra ing  

ot  are ri i ege  e ement  or t e re earc  o  io ence t ro g  a i a  image  t e 
co or  in orm  a o t t e emotiona  tate  t ro g  t e ana i  o  t e meaning  an  
ormation o  c romatic attern  o n  in t e ra ing  rti   at i   e 

can a  t at man  i e in a m o ic or  o  co or  
 

e re earc  re ente  ere in i  oriente  to ar  t e in e tigation an  t e t  o  
t e a  in ic  t e c i ren ra  an  co or io ent cene  ince t eir ra ing  i  
et  no  t eir er ona  e erience   

 

r o ecti e  ere  

- o no  t e in ence o  t e nati e an  r an c t re  in t e re re entation an  e 
of colors of violence. 

- o no  t e co or  an  t e meaning  t at c i ren rom ten to t e e ear  e in 
their graphic representations of violence and not violence. 

e e  a a itati e met o  ing r etorica  an  emiotic ana i  o  t e image  or 
their interpretation. 

Key words: Color; drawing; children; culture. 

 

INTRODUCTION 

Mexico is one of the co ntrie  ere t e io ence a  e cee e  t e crimina  imit  
an  it a  ecome a art o  t e ai  en ironment  in ic  t e c i ren are innocent 
participants since they live the violence, directly or indirectly in their familiar, 
academic, and social environments through the media and electronic games. 
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at i   to t  o  c i ren ercei e t eir ocio-cultural environment, e 
use ra ing  an  it  com onent  One of these components is co or  t ro g  it  e 
can get in ormation a o t t e a e ment o  intelligence, mood, psycho-physical 
development, nature of con ict  an  e e o ment otentia  arc a on e   

o e er  a t o g  t ere are common e ement  in t eir ra ing  regar e  t eir 
et nicitie  e can a  t at c t re gi e  i erent n ance  to t e ra ing  accor ing 
to t eir nat ra  an  ocia  en ironment e ogg o a   egar ing co or  e 
m t remem er t at it i  a comm nicating e ement t at m t e eco e   o o ing 
t e r e  o  t e c t re in ic  it e e o  a  it i  a e  on meaning  o  ign  an  

m o  rti   

Moreover, color is related to emotion  rti   an  t e  rein orce anot er 
in  o  e re ion  i e ra ing  i e  t ey make rhetoric from the graphic expression 

e   

OBJECTIVE 

o no  t ro g  ictoria  mani e tation  an  t e e o  co or  o  t e c t re o  
their place of origin and development influence the children in their perception of 
violence. 

METHOD 

T o tra itiona  met o  ere e  for the analysis of the graphic expressions: the 
antitati e an  a itati e  eca e t ere are no genera  or eci ic arameter  or 

their study. 
 e ra ing  o taine  in t ree i erent amples i  e re ente  a arit 

in a i ta  errero i ancingo e o  ra o  a t a  San arco  an  
e ico it  t e atter in or er to oint to oca  i erence  

Population and sample 

e am e a ication in a arit an  errero a  i cretionar  i e in e ico 
it  am e it a  ro a i i tic  e e t ree am e  ere i erent accor ing to t e 
o i i itie  o  t e inter ie er  t e ma e t one a  rom t e tate o  errero  

ere on   c i ren ere inter ie e  e ot er t o am e  ere ran om  
matched it  t i  n m er  o a tota  o   ra ing  i  e ana e  

RESULTS 

General data  
e o ation a  com o e    re on ent  o  e ementar  c oo  t ent  rom 

th an  th gra e  eir age range rom  to  ear  o  it  a mean a e o   
an  a tan ar  e iation o     ere girls an    ere o . 

Violence 
o in  o t i  t e re on ent  ere ecte  to io ence  t e  an er e era  
e tion  ranging from family violence to violence perceived in videogames. The 

re t  ere t e o o ing  

- The o  er more io ent act   com are  to t e girls  
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at i   to t  o  c i ren ercei e t eir ocio-cultural environment, e 
use ra ing  an  it  com onent  One of these components is co or  t ro g  it  e 
can get in ormation a o t t e a e ment o  intelligence, mood, psycho-physical 
development, nature of con ict  an  e e o ment otentia  arc a on e   

o e er  a t o g  t ere are common e ement  in t eir ra ing  regar e  t eir 
et nicitie  e can a  t at c t re gi e  i erent n ance  to t e ra ing  accor ing 
to t eir nat ra  an  ocia  en ironment e ogg o a   egar ing co or  e 
m t remem er t at it i  a comm nicating e ement t at m t e eco e   o o ing 
t e r e  o  t e c t re in ic  it e e o  a  it i  a e  on meaning  o  ign  an  

m o  rti   

Moreover, color is related to emotion  rti   an  t e  rein orce anot er 
in  o  e re ion  i e ra ing  i e  t ey make rhetoric from the graphic expression 

e   

OBJECTIVE 

o no  t ro g  ictoria  mani e tation  an  t e e o  co or  o  t e c t re o  
their place of origin and development influence the children in their perception of 
violence. 

METHOD 

T o tra itiona  met o  ere e  for the analysis of the graphic expressions: the 
antitati e an  a itati e  eca e t ere are no genera  or eci ic arameter  or 

their study. 
 e ra ing  o taine  in t ree i erent amples i  e re ente  a arit 

in a i ta  errero i ancingo e o  ra o  a t a  San arco  an  
e ico it  t e atter in or er to oint to oca  i erence  

Population and sample 

e am e a ication in a arit an  errero a  i cretionar  i e in e ico 
it  am e it a  ro a i i tic  e e t ree am e  ere i erent accor ing to t e 
o i i itie  o  t e inter ie er  t e ma e t one a  rom t e tate o  errero  

ere on   c i ren ere inter ie e  e ot er t o am e  ere ran om  
matched it  t i  n m er  o a tota  o   ra ing  i  e ana e  

RESULTS 

General data  
e o ation a  com o e    re on ent  o  e ementar  c oo  t ent  rom 

th an  th gra e  eir age range rom  to  ear  o  it  a mean a e o   
an  a tan ar  e iation o     ere girls an    ere o . 

Violence 
o in  o t i  t e re on ent  ere ecte  to io ence  t e  an er e era  
e tion  ranging from family violence to violence perceived in videogames. The 

re t  ere t e o o ing  

- The o  er more io ent act   com are  to t e girls  

- The girls o  errero er e  io ence  com are  to o   t i  
it ation a  o o ite in t e am e rom e ico it  

- o t o  t e io ence a  ica  an  it a  recei e  rom a ami  mem er  
especially in the case of girls  n contra t  t e o rce  o  t e io ence 
for o  ere t eir rien  an  c oo e o   one or ot  arent  

 an  anot er ami  mem er  

- e ace  ere t e io ence too  ace ar  accor ing to t eir gen er  or 
girls it a  t eir o n ome  an  or ma e  t e c oo  an  t e treet  

n t e c oo  en ironment e o er e  t at  

- n a mo t a  t e ca e  t e io ence came rom t e t ent   or girls 
an   or o  

- e am e rom e ico it  a  t e ig e t ercentage o  a irmati e 
an er  ot  in girls  an  o   

t a  a o in ire  ether the children had suffered any violent situation in the 
street: 

-  o  t e girls an   o  t e o  ga e a o iti e an er  

- e main act o  io ence ere   t em a  ica  aggre ion  

-  o  t e girls had suffered physical aggressions compare  to  o  the 
o . 

e re t  o  t e ana i   entitie  ere  

- Nayarit: 

o  o  t e girls suffer physical aggressions. 

o  o  t e o  i  not eci  at in  o  a e t e  er  

- errero 
o The o  did not explain the situation. 

o  The girls preferre  not to an er  

- e ico it  

o e mo t rec rrent act o  io ence or ot , girls  an  o  
 a  physical aggressions. 

 

Drawings 

 analyzing t e ra ing  o  t e t ree i erent o ation  imi aritie  an  
i erence  ere o n  

- e n m er of characters in t e ra ing  range rom  to  

- T e tati tica  mo e a    

- T e mean a e a   man ig re  er ra ing  

Some o  t e imi aritie  o n  ere  
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- o t man ig re  e icte  ere ig rati e it  i erent com ementar  
elements such as clothes, decorations and, in some of them, movement. 

- egar ing i e  in mo t o  t em, t e aggre or  ere igger t an t e ictims. 

- The aggressors depicted ere main  men, so it is not surprising that the 
aggre ion  ere committe  main  again t omen or children. 

e mo t re e ant i erence  o n  ere  

Nayarit 

- For the children in this sample, the violence is an attack on the property of 
others and, especially, against nature. The main causes are the roads; in them, 
t e  ra  car  it o t in o  car  running over pedestrians, or cars 
tran orting eo e it  g n  n one o  t e ra ing  one tr c  carr ing 
rea  i  a a te  t i  ra ing can e an in icator et er o  m c  o ert  

and hunger or of a very high criminal activity. 

- Most of the aggressors cannot e i enti ie  eca e t e  ace  are i en  
ma  or an ana  ome o  t em a e em t  ace  or t a e e e  t t eir 
gen er can e recogni e  t ro g  ot er eat re  o  t e o  o t o  t em are 
men. 

- n t e ra ing  in ic  the aggressors ha e ace  t e  o  a ine  or 
anger en t e  committe  an act o  io ence  Some o  t e ictim  are 
mi ing en t e  er t e act o  io ence  

- e range o  ea on  e  in t e act  o  io ence i  not a  i e  e  e  
mainly guns, rocks, and knives, drugs and physical strength. 

- e act  o  io ence inc e oo  an  ea  eo e  

  

Guerrero 
- e io ence again t nat re i  not a ear  e aggre ion  ere et een t o 

er on  main  carr ing ea on  
- e act  o  io ence ere ocate  in i erent cenarios such as the house, the 

school or any place that promotes social relations. 
- In this sample  a ra it  o  i enti ia e orm  o  io ence ica  er a  

c o ogica  gen er  a  o n  main  eca e t e c i ren re  i erent 
scenarios in one sheet. 

- The representation of violence lies mainly in men an  t eir ace  i  not o  
expressions. 

- e oo  i  re ent a  a c aracteri tic e ement o  ica  io ence  
- e ace  o  t e ictim  i  not o  a ine  n i e t e am e rom 

Nayarit. 

Mexico City 
- In this sample, the natural landscapes have completely disappeared and 

a t o g  t ere are cene  in t e treet  mo t o  t e aggre ion  ere ocate  
in the school environment. 
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- o t man ig re  e icte  ere ig rati e it  i erent com ementar  
elements such as clothes, decorations and, in some of them, movement. 

- egar ing i e  in mo t o  t em, t e aggre or  ere igger t an t e ictims. 

- The aggressors depicted ere main  men, so it is not surprising that the 
aggre ion  ere committe  main  again t omen or children. 

e mo t re e ant i erence  o n  ere  

Nayarit 

- For the children in this sample, the violence is an attack on the property of 
others and, especially, against nature. The main causes are the roads; in them, 
t e  ra  car  it o t in o  car  running over pedestrians, or cars 
tran orting eo e it  g n  n one o  t e ra ing  one tr c  carr ing 
rea  i  a a te  t i  ra ing can e an in icator et er o  m c  o ert  

and hunger or of a very high criminal activity. 

- Most of the aggressors cannot e i enti ie  eca e t e  ace  are i en  
ma  or an ana  ome o  t em a e em t  ace  or t a e e e  t t eir 
gen er can e recogni e  t ro g  ot er eat re  o  t e o  o t o  t em are 
men. 

- n t e ra ing  in ic  the aggressors ha e ace  t e  o  a ine  or 
anger en t e  committe  an act o  io ence  Some o  t e ictim  are 
mi ing en t e  er t e act o  io ence  

- e range o  ea on  e  in t e act  o  io ence i  not a  i e  e  e  
mainly guns, rocks, and knives, drugs and physical strength. 

- e act  o  io ence inc e oo  an  ea  eo e  

  

Guerrero 
- e io ence again t nat re i  not a ear  e aggre ion  ere et een t o 

er on  main  carr ing ea on  
- e act  o  io ence ere ocate  in i erent cenarios such as the house, the 

school or any place that promotes social relations. 
- In this sample  a ra it  o  i enti ia e orm  o  io ence ica  er a  

c o ogica  gen er  a  o n  main  eca e t e c i ren re  i erent 
scenarios in one sheet. 

- The representation of violence lies mainly in men an  t eir ace  i  not o  
expressions. 

- e oo  i  re ent a  a c aracteri tic e ement o  ica  io ence  
- e ace  o  t e ictim  i  not o  a ine  n i e t e am e rom 

Nayarit. 

Mexico City 
- In this sample, the natural landscapes have completely disappeared and 

a t o g  t ere are cene  in t e treet  mo t o  t e aggre ion  ere ocate  
in the school environment. 

- anta tic aggre or  c  a  mon ter  a ear  o e can in er t at t e actor of 
t e me ia in ence i  re ent  e can ee t i  ecia  in one ra ing ere 
t e aggre or can a o e con i ere  a  a ictim  

- egar ing t e ea on  t e g n  are re erre  a  in t e ot er am e  

Colors 

  in t e ana i  o  t e ra ing  imi aritie  an  i erence  et een t e 
uses o  co or  ere o n  

Some the similarities found in the three samples are: 
- Most of the analyzed ra ing  o not have a ac gro n  co or o  t e co or o  

t e a er ite  i  t e re ominant one an  it is ere t e ra ing i  create  
- egar ing t e e o  co or  

o most of the girls e  o t co or  i e o  used strong shades; 
o the o  e  e er co or  t an girls; 
o Most artici ant  i  not i minate t e ace  o t e  ere ite  it  

the exception of the sample from e ico it  
e re t  o  t e ana i   entitie  ere  

Nayarit 

- e mo t common co or  ere green  e an  ro n  e  are e  main  
in nat ra  an ca e  c  a  mo ntain  ri er  tree  an  o er  

- Most of the animals in the representations of violence lacked color. 
- The colors used in the aggressors clothes, and in some cases in the victims, are 

ar er reg ar  ac  an  ro n  
- o t o  t e car  ere e  in contra t it  t e e o  t e  t e  ere 

ra n it  ar er tone  t i  important to mention t at t e  e ong to t e 
aggressors. 

- e o e  e icte  o e  a i er ariet  o  co or  com are  to t e ot er 
t o am e  t t e re erre  co or a  e  o o e   ac  ite an  
e o  

- egar ing t e co or o  t e aggre or  girls ercei e  it a  ac  an  ro n  
- e co or ac  a  main  e  to i e t e i entit  o  t e aggre or  
- Unlike girls, o  i  not re ate irect  t e co or ac  it  t e aggre or t 

it  t e ictim a  in t eir ant  an  t e  i minate t e aggre or  it  
t e co or  re  an  ar  e  

- e co or re  re re ente  oo  
- The victims appeared naked to their aggressors. 
- e ea on  ere main  g n  an  t e mo t re ent co or  in t em ere 

ite an  ac  
-  t e ni e  ere tota  ite  
- We also o n  t e e o  roc  a  ea on  t e  ere mo t  ro n  e can 

infer that if they do not have access to “advanced” weapons, they can use 
t ing  in t eir imme iate conte t to e ert o er o er ot er  n one ra ing 

e can ee a om er cene a t nera  an  cemeterie  ere t e ar  co or  
are re ate  to emotion  o  a ne  t e can a o ee a ocia  coe i tence o  
people unlike the scenes of violence that are much more individualized. 
 

Guerrero  
It is important to note that this is the poorest grou  an  t at en t e  
recei e  t e o  o  co or  an  t e  ere in orme  t at it a  a gi t or t em  
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t e  ere o a  t at t e  e t it a  omet ing er  recio  it o t ing 
it. 

- e n m er o  co or  e  in t i  am e a  o er com are  to t e ot er t o 
am e  e o n  a tren  to ra  on  it  t e enci  it o t orr ing 

a o t t e e o  co or  i  tren  a  o er e  more in o  than in girls. For 
this reason, the discussion of the use of color in this group is limited. 

- The girls used a greater num er o  i erent o ect  or t e c aracter  an  a 
greater n m er o  co or  e tren  i  imi ar to t e one rom a arit  t e  

e  t e co or  ro n  green an  e t at are a tr e re ection o  t e t ing  
t e  a  ai  in t e nat ra  or  

- e o er e  more re ent  t e ig re o  t e n in t e am e rom a arit 
e on  o n  one ; it genera  a  e o  or re  

- The dark colors, i e t e ac  an  ro n, are representative of the aggressors 
for the o , and for the girls it a  t e co or green  t e ame co or t at 
re re ente  mo ntain  an  tree  e ore no  represents violence. 

- egar ing t e ictim  e o n  t at ot  gen er  ra  t em it  the colors 
ite an  re  in t eir c ot e  

- The clothes of the feminine characters a  corre on  it  t e eminine 
stereotype, thus the color pink as used in them. 

- e co or re  e  or t e re ence o  oo  a  o n  in t e aggre or  an  
not in t e in re  or ea  eo e  

- e ten enc  to ra  co or e  ace  i  ti  re ent  t e can o er e co or  
c  a  in  or e o  in t e ace  e ecia  in t e ictim  

- n t e ca e o  t e ie er  o  io ence ne  c aracter  ra n  e o n  t at 
t e  tr  to a  nnotice  eca e t e  are ra n on  it  a enci  tro e  in 

t one ra ing t e ie er a  co or  t  in t i  ca e  t ere i  a o e 
inter o e  et een im an  t e act o  io ence  

- e mo t re ent ea on  ere  again  g n  t e  ere ra n on  it  t e 
pencil, so it  co or a  gre  t e  ere o o e   ite ties or e t  or ot  
genders. 

Mexico City 
- In this sample, the natural landscapes have completely disappeared. 
- e actor o  t e me ia in ence i  re ent  e ecia  in one ra ing ere 

t e aggre or  ic  can a o e een a  a ictim  i  a m tico or o i a type 
c aracter  o  in t i  i a  conte t e o n  a ten enc  to caricat ri e t e 
io ence  e on  co or e  t at a  e  also in the other samples is the 

green and, again, it is used in the landscapes. 
- e co or e i  e  more o ten in t e  t an in t e ater  in i criminate  

or ot  gen er  
- e co or o  t e aggre or or t e io ence  i  t e ite  t i  in ing 

contra ict  man  o  t e re earc e  ic  etermine t at t e co or  ac  an  
red represent this phenomenon; it is true that the color red is still one of the 
mo t  o n  in a  t e am e  in t i  re earc  t t e co or ac  i  more 
re ate  to t e ictim  e ce t in girls ere it i  re ate  to t e aggre or  an  
t e co or ite in o  i  mo t re ate  to t e c ot e  o  t e aggressors. 

- The color of the faces in this sample is more varied, the flesh color is more 
e  an  a o t e ro n to re re ent ro n in  t at in mo t ra ing  are 

rom t e aggre or  e ecia  or t e gir  in ot  e ico it  an  errero 
samples. 
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t e  ere o a  t at t e  e t it a  omet ing er  recio  it o t ing 
it. 

- e n m er o  co or  e  in t i  am e a  o er com are  to t e ot er t o 
am e  e o n  a tren  to ra  on  it  t e enci  it o t orr ing 

a o t t e e o  co or  i  tren  a  o er e  more in o  than in girls. For 
this reason, the discussion of the use of color in this group is limited. 

- The girls used a greater num er o  i erent o ect  or t e c aracter  an  a 
greater n m er o  co or  e tren  i  imi ar to t e one rom a arit  t e  

e  t e co or  ro n  green an  e t at are a tr e re ection o  t e t ing  
t e  a  ai  in t e nat ra  or  

- e o er e  more re ent  t e ig re o  t e n in t e am e rom a arit 
e on  o n  one ; it genera  a  e o  or re  

- The dark colors, i e t e ac  an  ro n, are representative of the aggressors 
for the o , and for the girls it a  t e co or green  t e ame co or t at 
re re ente  mo ntain  an  tree  e ore no  represents violence. 

- egar ing t e ictim  e o n  t at ot  gen er  ra  t em it  the colors 
ite an  re  in t eir c ot e  

- The clothes of the feminine characters a  corre on  it  t e eminine 
stereotype, thus the color pink as used in them. 

- e co or re  e  or t e re ence o  oo  a  o n  in t e aggre or  an  
not in t e in re  or ea  eo e  

- e ten enc  to ra  co or e  ace  i  ti  re ent  t e can o er e co or  
c  a  in  or e o  in t e ace  e ecia  in t e ictim  

- n t e ca e o  t e ie er  o  io ence ne  c aracter  ra n  e o n  t at 
t e  tr  to a  nnotice  eca e t e  are ra n on  it  a enci  tro e  in 

t one ra ing t e ie er a  co or  t  in t i  ca e  t ere i  a o e 
inter o e  et een im an  t e act o  io ence  

- e mo t re ent ea on  ere  again  g n  t e  ere ra n on  it  t e 
pencil, so it  co or a  gre  t e  ere o o e   ite ties or e t  or ot  
genders. 

Mexico City 
- In this sample, the natural landscapes have completely disappeared. 
- e actor o  t e me ia in ence i  re ent  e ecia  in one ra ing ere 

t e aggre or  ic  can a o e een a  a ictim  i  a m tico or o i a type 
c aracter  o  in t i  i a  conte t e o n  a ten enc  to caricat ri e t e 
io ence  e on  co or e  t at a  e  also in the other samples is the 

green and, again, it is used in the landscapes. 
- e co or e i  e  more o ten in t e  t an in t e ater  in i criminate  

or ot  gen er  
- e co or o  t e aggre or or t e io ence  i  t e ite  t i  in ing 

contra ict  man  o  t e re earc e  ic  etermine t at t e co or  ac  an  
red represent this phenomenon; it is true that the color red is still one of the 
mo t  o n  in a  t e am e  in t i  re earc  t t e co or ac  i  more 
re ate  to t e ictim  e ce t in girls ere it i  re ate  to t e aggre or  an  
t e co or ite in o  i  mo t re ate  to t e c ot e  o  t e aggressors. 

- The color of the faces in this sample is more varied, the flesh color is more 
e  an  a o t e ro n to re re ent ro n in  t at in mo t ra ing  are 

rom t e aggre or  e ecia  or t e gir  in ot  e ico it  an  errero 
samples. 

- egar ing t e ea on  t e g n  t e re erre  ea on  a ong a  t e 
research, are re re ente  more re ent  it  t e co or  ite an  ac  

 
Comparatives 
 

e re t  o  t e com ari on o  t e t ree am e  are t e o o ing  
 

 
- e co or o  t e ace or t e ace re re ente  mo t  ac e  co or  n t e e  

ca e  ere t e ac gro n  a  co or e o er e t at t e mo t e  co or  
ere ro n an  tran arent an  in econ  ace green   

- egar ing t e e o  co or  entit  t e o o ing c art in icate  t at t e 
r an am e e t e greater n m er o  co or   

Color of the space 
  NAYARIT  GUERRERO  MEXICO CITY 
Garden         transparent orange/ blue transparent/ green 
Street     transparent   transparent/ blue       
Countryside transparent green transparent green green/ blue       
House transparent                 
Driveway transparent                 
Town transparent green               
No 
determined transparent   transparent   transparent         

 
Characters: 

- e o n  a ma im m o   c aracter   
-  ana ing t e co or o  t e c aracter  in t e ra ing  o  io ence e o n  

that: 
o Most of the girls did not illuminate the faces 
o The second more used co or ere e  co or  

- n t e a arit am e e o n  t at t e aggre or e  a ac a a e met  o 
t eir ace  ere ac  

- e ace  o  mo t o  t e c aracter  t at ere not co ere  ere co or e  

Color of the face 

Nayarit 

transparent 
flesh 
black 
brown 
      

Guerrero 

transparent 
yellow 
blue 
      

Mexico 
City 

flesh 
pink 
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orange 
transparent 

Total 

transparent 
flesh 
pink 
brown 

 
- egar ing t e co or o  t e acce orie  e o n  t at t e mo t e  a  t e 

ac  again  it a  t e r an am e t e one t at e  more co or .  

Colors in accessories 
  NAYARIT  GUERRERO  MEXICO CITY  

tton              red green     
Horns          red green    
Hat/cap          black     
Hair 
accessories          pink orange purple black 

e t green black yellow blue brown transparent      
a ac a a 

helmets green black     black      
race et      yellow               

 
Weapons 
 

e re t  regar ing ea on  ere t e o o ing  
 

Colors in weapons 
 NAYARIT GUERRERO MEXICO CITY 

Guns 
grey/  
penc
il 

transpare
nt 

purpl
e 

blac
k    blac

k 
transpare
nt 

bloo
d 

transpare
nt 

Machin
e guns transparent      black   

Panque        brown   

Ball        green transparent
/ black 

Rifle 
with 
bayonet 

    grey/  pencil   transparent   

Hands/ 
fists 

transparen
t 

grey/  
pencil  brown grey/  

pencil pink orange   

Knives transparen
t 

grey/  
pencil  transparent      

Brick/ 
rocks brown transparen

t  transpare
nt 

brow
n 

grey/  
penc
il 

    

Chainsa
w 

transparen
t 

grey/  
pencil         
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Brick/ 
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t  transpare
nt 

brow
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penc
il 

    

Chainsa
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transparen
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grey/  
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Belt     black       
Stick     transparent       
Other     transparent       

 
 

e n m er o  o e  in t e ra ing  a  a o recor e  e re t  ere t e 
o o ing  

- e o tain a tati tic mo e o   an  a mean a e o   o e  Most of them 
ere not it  n mo t o  t e ca e  e o n  t e e o  t e co or  ro n  ro n 

an  ac  an  e  
- n e ico it  am e e o n  one ca e o  a o e ainte  it  co or e  
- n a arit an  errero am e  t ere a  a tren  o  not ing colors in most 

of the cases. 
 

Colors in houses 

Nayarit 

Transparent 
brown/ Black 
blue/ Purple 
red/ Orange 
Green 
Blue 
Brown 

e ico it  Blue 

errero 
Transparent 
Brown 
red/ Yellow 

 
rio  e on  o n  an  tran ort  in t e am e rom a arit  eca e or 

t em  t e ri e a  an  e ic e  are ign  o  io ence. 
 

Colors in transports 
  NAYARIT  MEXICO CITY  
Airplane         Transparent 
Car pink purple black orange   
Van blue       
Truck Transparent         

 
egar ing another e ement  re ent in t e ra ing  ere co or a  e  e o n  

t e o o ing  
- n mo t ca e  t e  ere co or e  o e er  e o n  t e e o  t e co or  

ro n an  green o o e   t e i ing it  t e enci  an  t e ac  
- In Nayarit, the most used color in t e e o ect  a  e  o o e   ro n 

and green, related to nature.  
- n errero it a  more common to et t em co or e  t in econ  ace 

a  t e e o  t e ac  o o e   re  
- n t e am e rom e ico it  t ere a  on  one ca e o  ing of the color 

red. 
 

899
AIC2015 TOKYO - Color and Image



Colors in another elements 
  NAYARIT  
Flowers green red orange transparent    
Lake blue pencil      
River blue brown transparent green green/ white  /red 
Rock brown pencil green blue    
Smoke pencil brown transparent blue black orange 
Bag/briefcase 
with money green       
Road/ 
driveway blue brown transparent     
Cigar pencil brown transparent black blue orange 
Balaclava 
helmet/mask black       
Bushes green orange transparent     
Flag green blue green/ white red   
Mountains blue transparent pencil green orange   
Fence/wall brown pencil      
Grass green blue red brown Green/ white/  red 
Tomb blue brown transparent     
Casket/coffin blue brown transparent     
 

Colors in another elements 
  GUERRERO  
Flowers Red transparent brown   
River Red transparent    
Smoke Black transparent    
Bag/briefcase with money Black transparent pencil yellow 
Road/driveway transparent     
Cigar Black transparent    
Balaclava helmet/mask Black pencil yellow transparent 
Mountains Brown red transparent   
Grass Green     
Deer Red transparent    
Ball transparent     
Rocks Brown black red transparent 
Jewels/valuables Black yellow pencil transparent 
Public lighting Black yellow pencil transparent 

 

Colors in another elements 
  MEXICO CITY 
Balloon Red 
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CONCLUSIONS 

 en e ana e  t e ra ing  e o n  t at t e re on ent  ere in t e 
first phase of the intellectual realism o at   in ic  t e  ra  t e t ing  
they see and they try to copy the models re re ente  a  e  a  e ement  t at are 
i i e  t o g  in t i  a e  t e  a o e item  t at o  not e i i e  t i  

situation, in turn, causes the suppression of visual elements that are not important for 
them, so they recurred to the use of tran arenc  a t o g  e  ca e  ere o n  in 
this report. 

Other characteristics o  t i  a e t at e o n  in t e ana e  ra ing  ere t e 
lack of perspective; this a o ed them to put the maximum o i e n m er o  
e ement  in certain orm  o t e a r e  ir  an  i  are a a  in i e ace 

i e t e man ig re  are a a  ront ar  

egar ing o r o ecti e  e o n  t at t e i erence  are greater t an t e 
similarities. This confirms the hypothesis that the natural environment has an 
influence in t e e o  t e erce tion o  io ence t ro g  ra ing  an  co or  in t e 
ra ing  o  io ence  

S c  i erence  ere  among ot er  t at in t e am e rom a arit  e can ee a 
i e rea  concern or t e nat ra  environment manifested in the excessive presence 

o  ri e a . n t i  re earc  t e ro n or gre  ri e a  ere inter rete  a  
violence to the natural environment, disappearance of nature for purposes of 
modernization / r ani ation  

This situation a  i erent in t e am e rom errero  a ace t at  in t e a t e  
ear  a  een c aracteri e   ig  e e  o  io ence  i  ma e t e rea on  

the children visualize violence in their social environment and some of them included 
in different planes different scenes, that although the  are re ate  it  t e genera  

ect t eir c aracter  cenario  an  o ect  are not re ate  it  eac  ot er  

t i  im ortant to ig ig t t at a t o g  t e o  o  co or  a  a gi t or a  t e 
artici ating c i ren  t e gro  rom errero c o e to eep them instead of use 

t em an  t at en t e  recei e  it  t e  o e  an e re ion o  o  an  r ri e a  
if they had never had a gift like this. 
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Color and Image of the City in Environmental Design of Kazimir 
Malevich
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Smolensk State University

ABSTRACT
a imir a e ic  i  e  no n a  a rominent ainter  o e er  e a o a  a ot o  

intere ting i ea  a o t co or en ironmenta  e ign  an  i  to n anning ainting a  a ignificant 
impact on the color development of cities. 

a e ic  o io  rea i e  t at ocia i m c ange  not on  t e o itica  tem t a o t e 
i eo og  o  eo e  t create  ne  con ition  or t e e e o ment o  co or anning an  r an co or 
e ign  orce  ne  a  or t e ro ction an  i tri tion o  co or image  in r an c t re  i  i ea 
a  t at arc itect  co  not get ri  o  t e e i ting arc itect re  o e er  t e  ere a e to e t at 

acc m ate  arc itect ra  materia  a  a a i  or e re ing ne  i ea  an  creating a ne  image o  t e 
cit   mean  o  co or

e artic e i  con i t o   art  
e fir t art i  emon trate t e i ea  o  a e ic  on o  co or nction  a  an im ortant 

m o  in en ironmenta  e ign an  o  a ne  co or e ition  e  to c ange t e im re ion  
a o t t e e i ting ocia  tr ct re o  r an ociet  an  a o er e  a  a mean  o  romotion o  ome 

arter  i trict  an  e en o e to n  
e econ  art i  re ent t e e cri tion o  t e main re t  o  a e ic  e erimenta  

re earc  into t e ro e o  co or in t e i t en ironment  e e t ie  i  inc e t e rinci e  
of color organization of the scenic architecture, the Architectons and Planits, Suprematism, facade 
co oration  an  arc itect ra  ainting o  a e ic  im emente  in  in ite

e t ir  art i  ana e t e rinci e  o  orm an  ace organi ation in a e ic  ro ect  
e o rt  art i  c aracteri e t e co or tr ct re  co or con te ation  an  o  t e  

contri te to t e creation o  image an  atia  i ion in t e cit
n im ortant aim o  t e fi t  art i  e t e e amination o  t e im act o  ni e met o  t e 

enomenon o  matri  co or tr ct ring o  ace  etc  an  i ea  o  a e ic  rc itecton  P anit  
S atia  S remati m  on contem orar  an  e ent arc itect ra  co or age  n artic ar  it i  
re ea  t e in  et een t e or  o  a e ic  an  ian a ant gar e ro ect  e ecia  to a tract 
a onometric com o ition  o  geometric o i  c  a  t e Pro n  o   i it  t a o i  o  t e 

a  in ic  t e i ea  on en ironmenta  co or e ign o  a e ic  contin e to e i t in t e mo ern 
popular culture of the city.

 

 

COLOR AND IMAGE OF THE CITY                              
IN ENVIRONMENTAL DESIGN                                   

OF KAZIMIR MALEVICH 
Yulia GRIBER, 

Smolensk State University 
 

ABSTRACT 
The article is devoted to the description and the systematization of Malevich’s strategies 
for color design in urban space. The article demonstrates the ideas of Malevich on how 
color functions as an important symbol in environmental design and how a new color 
‘edition’ helps to change the impressions about the existing social structure of urban 
society, and also serves as a means of promotion of some quarters, districts and even whole 
towns. The text contains the description of the main results of Malevich’s experimental 
research into the role of color in the built environment. These studies include the principles 
of color organization of the scenic architecture, Suprematism facade coloration, and 
architectural painting of Malevich, implemented in 1919 in Vitebsk. The principles of form 
and space organization in Malevich’s projects are analyzed. The color structure, color 
constellations, and how they contribute to the creation of image and spatial illusion in the 
city are characterized. An important aim of the article is the examination of the impact of 
unique methods and ideas of Malevich on contemporary and subsequent architectural color 
usage. In particular, it reveals the link between the work of Malevich and Russian 
avantgarde projects, especially to abstract axonometric compositions of geometric solids 
such as the Prouns of El Lissitzky. It also shows the ways in which the ideas on 
environmental color design of Malevich continue to exist in the modern popular culture of 
the city. 

1. INTRODUCTION 
Kazimir Malevich is well known as a prominent painter. However, he also had a lot of 
interesting ideas about color environmental design, and his town-planning painting had a 
significant impact on the color development of cities. 

2. METHOD 
As the basic research method was used a complex (integrated) approach based on the 
appropriate methodological arsenal. An important means of this study was a comparative 
analysis and its methodology as well. A case study using such field methods of qualitative 
research as project analysis and historical documentation of color, content analysis, 
comparison of individual cases and a systematic qualitative data analysis was conducted by 
the description of the Malevich’s scenic architecture, his Architectons and Planits, projects 
of spatial Suprematism, facade coloration, and architectural painting, implemented in 1919 
in Vitebsk. 
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3. RESULTS AND DISCUSSION 

The starting point of the research was the thesis that we have been using color to create 
idiosyncrasies in urban space as long as we have been living in cities. Color in a city is 
accessible to individual citizens or “actors” who desire a means of “self-expression” and 
“impression management” (Goffman 1959) they wish to make upon others. However, 
together with these individual actors in the color space of the city we find collective actors 
as well, and the influence of these actors on color characteristics of the city is much more 
essential. Having a great amount of resources, the collective actors “modify the city” by 
use of color. Collective actors can create color illusions implying that urban spaces have 
particular qualities that are not present in reality.  

 
Figure 1: Kazimir Malevich. Study for a curtain (1919). 

Source: cultobzor.ru 

3.1 Philosophy of Malevich 

The political power of color in the color design of urban space was extensively used in 
socialist societies. Architects were working at the creation of a visual environment that 
corresponded to the socialistic structure. A rather exact and idealized image was produced, 
which transformed the architecture itself.  

Malevich obviously realized that socialism changed not only the political system but 
also the ideology of people. It created new conditions for the development of color 
planning and urban color design, forced new ways for the production and distribution of 
color images in urban culture. His idea was that architects could not get rid of the existing 
architecture; however, they were able to use that accumulated architectural material as a 
basis for expressing new ideas and creating a new image of the city by means of color. 
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corresponded to the socialistic structure. A rather exact and idealized image was produced, 
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Malevich obviously realized that socialism changed not only the political system but 
also the ideology of people. It created new conditions for the development of color 
planning and urban color design, forced new ways for the production and distribution of 
color images in urban culture. His idea was that architects could not get rid of the existing 
architecture; however, they were able to use that accumulated architectural material as a 
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Malevich considered color as an important symbol in environmental design. His idea 
was, that a new color “edition” can help to change the impressions about the existing social 
structure of urban society, and also can serve as a means of promotion of some quarters, 
districts and even whole towns. 

3.2 Malevich’s projects 

The main results of Malevich’s experimental research into the role of color in the built 
environment include the principles of color organization of the scenic architecture, the 
Architectons and Planits, the spatial Suprematism, facade coloration, and architectural 
painting of Malevich, implemented in 1919 in Vitebsk. 

The scenic architecture of Malevich was his first experience of color design in three-
dimensional space. As a stage designer of the Futurist opera “Victory over the Sun” 
premiered in 1913 in Saint-Petersburg he intended to underline parallels between literary 
text written in zaum1 language by Alexei Kruchenykh, musical score written by Mikhail 
Matyushin, and the art of painting and the color (Figure 1). 

 
Figure 2: Kazimir Malevich. Design for the speaker's rostrum (1919).                           

Source: Arskaya et al. 2000                                  

In 1919, during Malevich’s tenure (1919–1922) in the Soviet town of Vitebsk, 
Malevich’s spatial Suprematism confronted the real built environment. The Vitebsk 
experiment involved many different objects of urban space: Malevich and his disciples 
                                                
1 Zaum (Russian: зáумь) are the linguistic experiments in sound symbolism and language creation 
of Russian-empire Futurist poets such as Velimir Khlebnikov and Aleksei Kruchenykh. 
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created drawings for murals on buildings and interiors, signboards for the stores and shops, 
propaganda panels that decorated the sides of streetcars, speaker's rostrums (Figure 2), and 
even the decorations on the ration cards used during the period of War Communism, 
crockery,  textiles.  

The prominent filmmaker Sergey Eisenstein depicted his reception of the 
transformation of  “sooty and cheerless” provincial city, typically “built of red brick” into a 
Suprematic one:  

But this city is especially strange. Here the red brick streets are covered with white 
paint, and green circles are scattered around this white background. There are orange 
squares. Blue rectangles. This is Vitebsk in 1920. Its brick walls have met the brush of 
Kazimir Malevich. And from these walls you can hear: ‘The streets are our palette!’ 
(Eisenstein 1963: 279). 

3.3 The principles of form and space organization 

The essential characteristic of space representation in the town-planning painting of 
Malevich was the "two-dimensionality" of the basic forms he used in the urban space 
decoration (Figure 3). All the compositions comprises the same repeated elements – 
squares, circles, crosses, triangles of various sizes and colors, vivid against the typical of 
Malevich’s Suprematism white ground. The white canva was for him a field of pure light, 
a means emboding infinite space with no gravity inside. Spread over the façade both 
horizontally and vertically, the dynamically distributed colored forms of various sizes were 
included in a series of smaller and more complex compositions. Dynamic positioning of 
shapes testified to Malevich’s desire to restructure the rigid solidity of the original building 
while creating a feeling of ''non-objectiv'' environment. 

    
Figure 3: The basic Suprematism forms. The Black square (1923).The Black circle (1923). 

The Black cross (1923).The Red square (1915).                                                           
Source: Arskaya et al. 2000 

3.4 The color structure  

In urban space Malevich knowingly used a simplified coloration. The color system of the 
town-planning painting of the artist had a definite brief structure. Two main colors, the 
black and the white, were used in it. These two colors had quite clear and well-defined 
semantics. Malevich considered the black as "the most concentrated materiality" and "the 
sign of economy". The white was identified as "nonfigurative art", "renovation", "purity", 
"order", "high geometry of consciousness" (Malevich 2001: 80). All other colors did not 
have any expressed independent fixed symbolism in the art concept of Malevich. They 
were identified and semantically belonged to the third class. Only symbolism of the red 
was mentioned in some of his works as a "signal of revolution" (Malevich 2001: 80). 
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Thus, Malevich created the color dictionary of his town-planning painting, abandoning 
the symbolic meanings of a number of colors and shades, eliminating their cultural 
meanings. Similar "color blindness" was typical of the early stages of the color language 
evolution, the basic principles of which were affirmed in the works of Berlin and Kay 
(1969). In particular, just the same tendency was evident in the language of the African 
tribe Ndembu. Recurring one of the early stages of the color terms development, the color 
dictionary of the town-planning painting of Malevich was based on the three-termed 
classification. Such a parallel is not unique in the history of art and indicates that different 
types of color simplifications continue to exist in the artistic consciousness, repeating 
certain stages in the evolution of color language. 

3.5 The impact of Malevich’s ideas on architectural color usage 

The unique methods of Malevich (the two-dimensionality of basic forms, color-structuring 
of space, etc.) and his architectural ideas on spatial Suprematism have the great impact on 
contemporary and subsequent architectural color usage. In particular, there is an evident 
link between the work of Malevich and Russian avant-garde projects, especially to spatial 
Suprematism and abstract axonometric compositions of geometric solids such as the 
Prouns of El Lissitzky (Figure 4). The ideas on environmental color design of Malevich 
continue to exist in the modern popular culture of the city, where they work rather as 
metaphors (Figure 5). 

 
Figure 4: El Lissitzky. Study for a builging exterior in Vitebsk (1919).                      

Source: designblog.rietveldacademie.nl 
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4. CONCLUSIONS 

Malevich’s ideas on urban color design have the great theoretical importance to the 
development of conceptual and methodological approaches toward the study of color 
phenomena in environmental design. The systematization of Malevich’s strategies of color 
planning has not only theoretical but practical significance as well. This is a new chapter in 
color education, and will be used in the restoration and reclamation of monuments as well 
as in new construction and city image developement.  

 
Figure 5: The residential area “Malevich” (Yekaterinburg, Russia)                    

Source: us-invest.ru 
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ABSTRACT
ecent  t e orean ociet  ic  a  a ing e race  nation  a  een ra i  c ange  to t e 

m ti nationa  nat re  one ca e   man  immigrant  rom ina  So t ea t ia  etc  an  ario  
ocia  ro em  are e re e  o ten i  ne o  t em i  a i fic t  ere   c i ren o  t e econ  

generation rom m ti c t ra  ami ie  o enter orma  c oo  in orea  ic  o  e o e  
rgent  at t i  time en it i  re icte  to e ine ita e t at g o a i ation i  e rogre e  in t re 

a  e   n  t e n er tan ing an  acce tance o  m t a  c t ra  i erence  i  e t e o tion to 
ario  ro em  ca e  at m ti c t ra  ociet   ccor ing to in erg  co or a  eriorit  to t e 

in ence  to man ee ing  an  emotion  an  it i  con i ere  t at t e t  a o t co or re erence 
an  emotion com ari on or t e gro  o  m t a  i erent c t re  i  ort  o  im ortant ata to 
understand characteristics of the nations and races.  This study aims to understand the differences 
o  re erence ten enc  to co or  at nationa  recognition  an  emotion  a o t t e atia  co or   

er orming re erence  an  oca ar  a rai a  targete  to t e orean an  a a ian t ent  
o e ma or i  t e e ign  an   targeting en ironmenta  co or  a ie  to c oo  ea t  room  
ic  are c ange  to er orm ario  nction  or e cation  co n e ing  treatment  etc  in a ition 

to t e one t or tem orar  treatment in t e a t an  ic  are re ire  to er orm a nction or 
c o ogica  an  emotiona  ta i it  at t e ame time  

i  t  a o aim  to n er tan  c aracteri tic  among c t re   in ing o t i erence  
o  re erence ten enc  to atia  co or  an  emotion  among t e nation  o e c t re  an  region  
are i erent   or t e target an  met o  o  t e t  ten c oo  ea t  room  a  e ecte  among 
t e e ementar  c oo  ocate  in an etro o itan it  an  atia  co or  ere irect  mea re  

 ing a ectro otometer   e  ere ta en ict re  o  ot   a e  on t e re t rom on
t e ot r e  t e a et or atia  co or  an  t e atia  image  ere e ecte  an  t e too  or 

e tionnaire r e  ere ritten   argete  to  orean t ent  an  anot er  a a ian o are 
er  en iti e to e co or  eca e t eir ma or i  t e e ign  t e e tionnaire r e  a  con cte  

and representative colors for each nation, preference to color pallet for spatial color for health room, 
an  egree o  emotion  e t at t e atia  image a o t ea t  room ere a rai e   e emotiona  
ang age e  at t e a rai a  or emotion i   image ang age  ic  a  e tracte  rom  t e 

e ert  an  re enc  cro  ana i  an  confi ence erification ere rogre e   t e SPSS  
application.

Comparative Study about Preference Tendency to 
Spatial Color Based on Color Recognitions and 

Emotions among Nations: Focused on Korean and 
Malaysia 

Ji-Young OH , e ng P , Mai NEO , Jian-Yuan SOH , Min- ae , 
 U- e ign e artment  e ign n tit te  n e ni er it  
 ac t  o  reati e time ia, Multimedia University 

ABSTRACT 
Korea is changing rapidly from a single-raced nation into a multi-national due in part to the 
increasing n m er o  ine e an  So t ea t ian immigrants. This gives rise to a 
m tit e o  ocia  ro em , one of them eing t e i ic tie  ace   children of the 
second generation multi-c t ra  ami ie  o enro  to e ementar  c oo  in orea  i  

o  e o e  rgent  a  it i  re icte  to e an na oi a e ro em in t re  n   
n er tan ing an  acce ting m t a  c t ra  i erence  i  t e o tion to these multi-

cultural societal ro em  e reme ie . This study aims to investigate the differences in 
preference tendencies among nations it  re ect to t eir recognition of colors and 
emotions it in atia  co or en ironment . The study’s sample consisted of Korean and 
Malaysian design students  o e co o r re erence  an  oca ar  a rai a  of the 
environmental colors in Korean school health rooms ere solicited. The collected data a  
analyzed to en re t e re ia i it  an  t e re t  o  trong ort or com ari on 
studies on colour preferences among nations. 

1. INTRODUCTION 
In South Korea today, foreign or er  rom ina an  So t ea t ia a e een gro ing 
in n m er  e to t e economic ortcoming  o  t eir ome co ntrie . This increasing 
n m er o  oreignen or er  in So t  orea is ca ing t e n m er o  m tic t ra  
families to increase, an  con e ent  re t  in cultural and social 
conflicts and ro em  e to t i  g o a i ation, these second generation immigrants 
enroll into Korea elementary schools. As such, these younger generation egin to 
experience ma a tment an  i ic tie  ere ore t ere i  an rgent nee  to o e t e 
ro em a  oon a  o i e  Since  t e ini tr  o  cation of South Korea 

organized the “Health Room Modernization” program as a means to solve this ro em   
The result of this initiative is the design and development of elementary school health 
rooms. These elementary school health room should include health guidance, prevention  
education and counseling. 

As the multi-cultural society contin e  to gro , there is a need to educate the younger 
generation to recognize and understand the color changes of the environment  i  can e 
done through understanding the differences et een c t ra  en i i itie  ic  in t rn  

o  e  a e iate t e e cultural conflicts and ro em  im erg  a  c aime  t at 
color could influence the feelings and emotion  o  a man it  a er  trong im act  
Sc mitt  concurs and states that color has a significant influence on people’s feelings 
and emotions. Every color has different meaning depending on the person’s culture, so it is 
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important to understand the di erence et een erce tion an  co or re erence  o  eac  
culture.  Therefore, t i  t  aim  to i enti  t e c aracteri tic  i erence  et een t o 
countries, Korea and Malaysia, and investigate their sensitivity in color perceptions and 
color preferences. 

2. METHOD 

2.1 Composition of health room color  
The "Korean Government’s Health Room Modernization Service” was conducted in  
Elementary School health rooms -  in an, South Korea  r re earc  team ent to 
a   ocations, using a spectroscopic to collect the color data, took some photographs and 
collected in ormation a o t each school. oo ing at t e con ig ration o  colors of each, 
only one main color a  een a ie  to the floors  or a s, there ere t o 
similar main colors it  imilar hues   and for furnitures, a variety of 
colors a  a ie      .  i  a  een 
t ro g  a   c oo  o er e   a e  o  t e i tri tion o  atia  co or  in eac  o  
the health rooms. 

Table 1. Distribution of health room’s spatial color 
School A    E 

Space 
Image 

     

길기 

ꫳ셛ꄳ 
 

    

School F  H I J 

Space 
Image 

     

길기 

ꫳ셛ꄳ 
     

 

Each health room used most of the nine colors  an   ere t e Y color a  een to e 
used as the main color  Sc oo   had less colors configurations, and thus presented the 
simplest color scheme. School I’s health room had a tota  o   colors, an  a  t e c oo  

it  t e mo t color scheme. o or  a  een to e the color most often applied, 
approximately 3- time  Sc oo   a ie  the mo t  as its main color  erea  color Y 

a  a ie  mo t re ent  in c oo   School C’s Value and Chroma levels ere ot  
heavy and appeared to e have the least decent color scheme, ere a  School J had high 

a e t o  roma levels, and appeared to have the color characteristics of softness. 
Schools E and I appeared to have the most contrasting color  ere it  co o r  a  high 
saturation levels, ic  re te  in strong color contrast characteristics in its the applied 
colors. 
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2.2 Survey 
To investigate the differences et een Korean and Malaysian preferences and emotional 
state to ar  t e e ealth room environments’ colors  a r e  a  con cte  on a sample 
o   t ent  e e t ent  ere made up of Koreans ma e    ema e    and 

a a ian  ma e    ema e    e  ere a e  to c oo e a co or to m o i e 
t eir co ntr  o o   t eir most preferred and least preferred color palette color among 
t e  Sc oo  health room   o o ing t at  t e  ere t en gi e t e emotional evaluation 
form, which would solicit their preferences with respect to the health rooms’ color 
environment. 

3. RESULTS AND DISCUSSION 

3.1 Koreans and Malaysians Perception of National Color 
In order to examine the cognitive aspects of color of each countr  So t  orea an  

a a ia  t ent  ere a e  to c oo e a color that they felt m o i ed each country. As 
o n in a e  Korean ect  reported e   an  ite  colors to 
m o i e their nation, due on part to the effect o  ot  t e uniform color of the Korean 

oot a  team e  e i  a  e  a  t e notion o  ite re re enting the Korean 
traditional spirit. On the other hand, In contrast, Malaysian ects reported White 

 e  e  to m o i e So t  orea  main  eca e o  So t  
Korea’s national flag and their perception of South Korea as a clean and high-tech industry. 
 

Table 2. Korean and Malaysian’s perception of symbolic color for the two countries 
Korea’s m o i ing co or Malaysia’s symbolizing color 

o or e  Orange e o  reen e Purple ro n ac  White Etc. e  Orange e o  reen e Purple ro n ac  White Etc. 

Korean 
 

              3.8  8.8    

Malay 
 

           3.8  8.8       

 

The Korean ect ro i e  a ariet  o  co or  to m o i e t e co ntr  a a ia  it  
reen  range  eing the co o r  it  t e highest percentages of students. 

The an er reen a  c o en eca e o  t e green ant  an  r it  representive of the 
tropical climate of Malaysia, and the color range ere c o en a  o  t e color of 
Malaysians. 

ccor ing to a t   ra man  in a a ia t e co or reen re erred as the 
co or t at m o i e  anger an  i ea e  e  o  orean  o an ere  that the 
color t at m o i e  Malaysia a  reen i  in icate ortage o  recognition an  ma  
ca e i re ect to t e a a ian c t re  e en i  a ma  n m er o  a a ian an ere  

reen  t e  a eare  to e foreigners residing in Malaysia. 
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3.2 Environment Color Palette of Preferences and Sensibility Evaluation 

Korean and Malaysian t ent  ere a o a e  to pick their three most preferred color 
palettes and their three least preferred color palettes, ic  ere o o e  it  an 
emotional assessment survey to elicit the reasons for their choices. 

 

Table 3. Health room’s color spatial palette 

 

 can e een in a e  the top three colors that Koreans preferred a    an   
These three color palettes a e imi ar o  rig tne  range   -  an  o e  t at 
they preferred calm and soft colors. As for the emotional assessment results, Koreans 

re erre  a m ee ing  So t ee ing  o e er ear ee ing  
ree  ee ing  and at ra  ee ing   

n t e ot er an  a a ian  a  o nd to favour Natural color ee  it  ig  rig tne  
color in palette A, H, J. As for the emotional assessment results, Malaysian students 
preferred palette  t at ere similar to the Korean students it  ig e t ratio o  a m 
feeling  o o   a  ee ing  So t ee ing  at ra  ee ing  
From Korean student’s answers, Happy feeling a  t e o e t  t intere ting  a  one 
o  t e ig e t c o en  a a ian students. This re t o e  that Malaysians valued 
happiness more over Koreans. i  i  o n in a e  e o  
 

Table 4.Emotional Assessment for preferred color palette 

oca lary Soft 
feeling 

ear 
feeling 

Happy 
feeling 

ree  
feeling 

a m 
feeling 

Natural 
feeling Others 

Korean    3.8    3.8 

a a          

 

 o n in a e  Korean students’ least preferred color palette appeare  to e    
Koreans did not prefer a color palette that had high saturation levels  eca e they felt that 
the color did not eem to e a anced. As for the emotional assessment results, Koreans did 
not prefer  ee ing  rti icia  ee ing  In contrast, Malaysians 
preferred color palette H, although the Koreans does not. This clearly o  t at t ere i  a 
difference in the color re erence  et een a a ians and Koreans.  

Malaysians’ least preferred color a  o n  in   an  E. enera  a a ians disliked 
m  an   ee ing  a  o n in t e re t  oreans preferred color palette  although 
Malaysiana did not appear to like it. This proven even though the same color palette is 
chosen, people from different cultures can still have completely different emotion feelings 
to ar  it  

 

          

$ % & ' ( ) * + , - 
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$ % & ' ( ) * + , - 

Table 5. Emotional Assessment for least preferred color palette 

oca ar  Hard 
feeling 

Muddy 
feeling Sad feeling  

feeling 
Active 
feeling 

Artificial 
feeling Others 

Korean   33.8 8.8 .8    

a a     3.8   8.8 3.8 

 

3.3 Comparing the Emotional Evaluation on Color Palette and the Scale of Spatial 
Color Image  
In addition, analysis and comparison et een t e e a ation assessment of color palette 
preferences and the actual spatial color image scale ere con cte .  a e  o  
Korean students chose images    a  t eir most preferred atia  co or  eca e t e  
preferred the a m ee ing  So t ee ing  ear ee ing  ree  ee ing, Natural feeling. This 
s o e  that Koreans e a  re er at ra  race  ecoro  co or  an  partially 
to ar  the egant co or  i  re t o  that the collected data of evaluation 
assessment of co or a ette re erence  matc e  it  t e actual spatial color image scale. 

 
Table 6 Spatial color image scale 

School A    E 

Image 
Scale 

  

 
 

 

oca  
Mildly, Naturally, 
race  ecoro  

at ra  race  
ecoro  egant 

at ra  race  
m ient  ecoro  

Elegant 

ear  i  
m ient  race  

ecoro  Modernistic 

Mildly, race  
ecoro  odernistic, 

ree  
School F  H I J 

Image 
Scale 

 
 

 

 
 

oca 

Mildly, Naturally, 
race  ecoro , 

amoro  

ear  Mildly, 
at ra  race  

ecoro , 

o e  ear  
Mildly, Naturally, 
race  ecorous, 

Elegant 

o e  ree  Mildly, 
m ient  race  

ecoro  

Mildly, Naturally, 
race  

 

Malaysian students chose images A, H, J as their mo t re er atia  co or  eca e t e  
preferred the a m ee ing  So t ee ing  ear ee ing  ree  ee ing, Natural feeling. 
Malaysians appear to re er at ra  race  ecoro  co or  o o   o e  an  
Mildly colors.  ana ing t e re erre  co or a ette  t e re t  o e  t at Malaysians 
preferred the a  ee ing  o o   o e  ee ing an  i  ee ing  i  re t o  
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that the collected data of evaluation assessment of color palette preferences matches the 
actual spatial color image scale. 

4. CONCLUSIONS 
There are several conclusions that can be drawn from this study’s results. Firstly, en 

Korean and Malaysian ect  did the same survey of choosing t e m o ic co or or 
each country, their re t  o e  that the colors in their national flags are higher in ratio. 

o e er  Malaysians reported that the color reen m o i ed disease, erea  t e 
s orean t o g t reen m o i ed Malaysia because of the the country’s tropical climate, 
plants, and  fruits. This re t  o ed that eo e rom i erent c t re ac gro n  a e 
different points o  ie  on t e ame co or  

Secondly, Korean and Malaysian ect  ere a ed to choose their most preferred and 
least preferred spatial color images and evaluate their emotional en iti itie  to ar  t e 

 color palettes. e t  o  t at Koreans preferred color palettes that have calm and 
gentle emotions feelings, erea  Malaysians favored color palettes that had happy and 
natural emotion feelings. In adition, Koreans did not prefer color palettes that ere 
artificial and harmonious, and Malaysias dis not like the color palette that had dull and 
muddy feelings. 

 Thirdly and finally, comparing and analysing the emotional evaluation on color 
palettes and the scale of spatial color images, the results o  to matc e er  e  This 

o  t at t e co ecte  ata ere re ia e  in t re research i  rt er t i  t   
oing more com ari on it  ot er co ntrie  

ACKNOWLEDGEMENTS 
i  or  a  orte   t e ationa  e earc  o n ation o  orea rant n e   t e 

orean o ernment - S  

REFERENCES 
ern   Sc mitt  ang age an  i a  imager  e  o  or orate entit  in a t 

Asia. Columbia J. world bus  : - . 
ra man S  - a ee .  An experimental study of gender and cultural 
differences in hue preference. Frontiers in Psychology : - . 

Kim, Y.S., Park M.S  an   im    om arati e ana i  o  erce tion o  co or 
et een Korean an  ine e  oc ing on o ng men an  omen  Journal of Korea 

Society of Color Studies  -  
e   an  oi   om arati e St  o  ni er it  St ent’ Favorite o or  

et een orea an  ana a -centering on general and special favorite colors-. 
Journal of Korea Society of Color Studies  -  

Address: Prof. Heykyung PARK, Department of U-design, Design Institute,  
Inje University, 197 Inje-ro, Gimhae, KOREA 

E-mails: dehkpark@inje.ac.kr, drmaineo@gmail.com, ojy1245@gmail.com, 
matthias2001my@hotmail.com, mjleeworld@nate.com, 

914
AIC2015 TOKYO - Color and Image



PS2-5

The Analysis of Door Color on the Traditional Palace of the Kingdom 
of Joseon

  and Jin sook, 
 e octoria  co r e  e t o  rc itect re ngineering  ngnam ationa  ni er it  orea

 Pro e or  e t o  rc itect re ngineering  ngnam ationa  ni er it  orea

ABSTRACT
i  t  i  a art o  t e arc itect ra  e ement co or ana i  on t e ra itiona  Pa ace eo-

ng o g ang， ang eo g ng an  angg eongg ng o  t e ing om o  o eon  i  t  i  a e  
on oor ana i  on t e ra itiona  Pa ace o  t e ing om o  o eon  n t i  a er  e a o t n e  
co or tem an  S co or tem to t  co or age on t e oor o  t e ra itiona  Pa ace e 

r o e i  to fin  o t t e co or i tri tion range an  t e c aracter on t e oor  an  ana e t e re-
t  a e  on c t ra  tra ition o  orea  i  t  inc e   t ree te  e fir t a  main  or 

t e t  ect in ormation earc ing or  i  te  e  o or meter to co or mea rement o  
t e oor  om are  it  ot er met o  c  a  oto ana i  met o  t i  one rai e  reci ion an  
error i  e t e o  e econ  te  a  ana i  on t e ect  n t i  te  t i  t  e  t e 

n e  co or tem an  S co or tem to ana e t e t  ect  to get t e co or i tri tion 
range an  t e c aracter o  i tri tion range  e t ir  te  a  to fin  o t t e rea on a e  on c t r-
a  tra ition o  orea  ing t e ana i  con e ence  e re t  are o o ing  ir t  t e range 
o  oor co or i tri tion i  rom  to  e range o  oor co or i tri tion concentrate  rom 

 to   t e n e  o or tem  n  co or a o te   oor i  o  an  mi e a e an  c ro-
ma  Secon  t e co or o  oor i tri te  in t e range o   an   e c aracter o  t e co or in t i  
area i  ar  i e t e ar  tone  an  ar  tone  corre on  to near  co or e  a t  t e tra itiona  
a ace co or o  t e ing om i  a ociate  it  tra itiona  orean c t re  orean tra itiona  c t re 

t in  t at t e re ation i  o  er on an  nat re o  e a armonio  nit  e conc ion o  t i  
t  i  o o ing  n er t e in ence o  t i  i ea  eo e re er to e t e nat ra  nit  o  co or an  

materials. The color of the palace also has the same character, the color impression is not serious and 
ignifie  en e  e im re ion i  re a e  an  ta e integration o  t e nat ra  ee ing
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ABSTRACT 
This study is a part of the architectural element color analysis on the Traditional 
Pa ace eong o g ang,_ ang eo g ng an  angg eongg ng  ic  e ong  to 

ing om o  o eon  i  t  i  a e  on main arc itectural element door analysis on the 
Traditional Palace of the Kingdom of Joseon. In t i  a er  e a o t n e  olor System 
an  S o or System to study color usage on the door of the Traditional Palace. The 
o ecti e is find out the color i tri tion range and the character on the doors and analyze 
t e re t  a e  on c t ra  tra ition o  orea  i  t  inc e   t ree te . First a  
mainly of the study ic  i  ect  information searching.The second step used the 

n e  o or S tem an  S o or S tem to ana e t e t  ect  to get the color 
i tri tion range an  t e c aracter o  i tri tion range  e t ir  te  a  t e ana i  o  

t e oor co or rom te  t o and got the results like o o ing  ir t  the range of door 
color i tri tion concentrate  rom  to   t e n e  o or System. And color 
a o te  i  o  an  mi e a e an  c roma  Secon  t e co or o  oor i tri te  in t e 
range o   an   e c aracter o  t e co or in t i  area i  ar  i e t e ar  tones and 
dark tones correspond to nearly colorless. a t  it found o t t e re ation i  et een 
color and culture. e ma or co or o  orea arc itect re are e   a mmetrica  a ance 

it  nat ra  an  armonio  co or e co or o  t e a ace a o a  ame character, the 
co or im re ion i  not erio  an  igni ie  en e  e im re ion i  re a e  an  ta e 
integration of the nature feeling. t re re earc  i  ana e ot er arc itectr a  e ement 
color on the Traditional Place of the Kingdom of Joseon.  

1. INTRODUCTION 
With the development of history, most of Asian like the lifestyle and culture of estern 
Traditions lifestyle an  c t ra  are gra a  neg ecte  e c t re o  nation  ic  once 
o ne  t em e e  a o a  een gra a  orgotten  o e er  it  t e e e o ment o  
econom  t e internationa  tat  o  orea a  een im ro e  Peo e o  t e co ntr  a  
attention to t eir o n nation c t re an  i e t e  People start to search for the source of 
nation culture.  

This study is a part of the architectural element color analysis on the Traditional 
Pa ace eong o g ang  ang eo g ng an  angg eongg ng  o  t e ing om o  
Joseon. n t i  a er  e a o t n e  olor S tem an  S olor System to study 
color usage on the door of the Traditional Palace of the Kingdom of Joseon.The purpose of 
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t i  t  i  in  o t t e co or i tri tion range an  t e c aracter on t e oor  and analysis 
t e re t  a e  on c t ra  tra ition o  orea  i  t  a  t e a e o  t e arc itect ra  
element color ana i  on t e ra itiona  Pa ace et een ina an  orea  I did this study 

t or t o rea on  e first rea on a  the past research had compared a long time. And 
t e ot er rea on a  com are  it  ot er met o  c  a  oto ana i  met o  in a t 
resarc  t i  one rai e  reci ion an  error a  e t e o   So I decided to do this 
study or re earc ing co or i tri tion range an  t e c aracter on t e ra itiona  Pa ace 
again. 

2. METHOD 

2.1 Sample Preparation 
In this paper,three Traditional Pa ace ere selected and founded in t e o eon na t  

ic  i  eong o g ang ang eo g ang an  angg eongg ang.The 3 research 
ect  ere ocate  in Seo  This study aims are t e co or o  t e main i ing oor  

ig re  

 

 
Figure 1: Gyeongbokguang, Changdeokguang, Changgyeonggung 

2.2 Experimental Procedure 
To measure the color of doors,the current t  e  - _ S  S   
to measure physiological signals. -  e  n e  olor System to measurement the 
co or o  oor  S  S   e  S olor System to measurement the color 
of doors. e ore mea ring t e co or of oor   e  m  an  to i e t e r ace o  t e 
door. After t e mea rement o  co or a  one t rog  t e mac ine on the surface of the 
door. To minimize the mistake it  t e r ace  e traneo  tance  ere i ed off the 
surface of the door.  

e mea rement met o  e  a  o o  e ect a  eate  com orta  in t e 
outside and the day had no strongly sunlight. I u e  m  an  to i e t e r ace of 
door.Next t o co or mea rement mac ine  ere ta en or  seconds in the surface of the 
door. In order to reduce the error of result of measurement.I measured different positions 

t i e re  are region in t e r ace o  oor  n  t e ot er a  to re ce t e error of 
result of measurement, I used color measurement machines to measure the color of door for 
many times. At last, I took the average of the result of color measurement and recorded in 
the paper Figure . 
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Figure 2: Measurement color used two color measurement machines. 

3. RESULTS AND DISCUSSION 
This study used the Munsell olor S tem an  S olor System to analyze the study 

ect  to get t e co or i tri tion range an  t e c aracter o  i tri tion range  Munsell 
olor System, this system consists of three in e en ent imen ion  ic  can e 

respresented cylindrically in three dimensions as an irregular color solid: hue, mea re   
degrees around horizontal circles; chroma, measured ra ia  o t ar  rom t e ne tra  
vertical axis; and value, mea re  ertica  rom  ac  to  ite  Munsell o or 
System etermine  t e acing o  co or  a ong t e e imen ion   ta ing mea rement  o  
human visual responses. S olor System i  a e  on t e co or o onenc  e cri tion o  
color vision. The system is usually used for matching colors rather than mixing colors. 

The result of color measurement can e classifie  into t e t o o o ing gro  In the first 
group, -  used Munsell olor System to measurement the color of doors. The 
result of color measurement a  o n a  in ig re3 and ig re In the second group, 

S  S   e  S olor System to measurement the color of doors. The 
re t o  co or mea rement a  o n a  in ig re  
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Figure 3: Measurement color by CM-2600d and Analysis by Munsell Color System                                                                                                                                                                                                                                  

 

 
Figure 4: Measurement color by CM-2600d and Analysis by Munsell Color System 

The result of the first group is anya e   n e  olor System.The range of door 
co or i tri tion i  rom -  in t e irection o  c roma.And the range of door color 
i tri tion concentrate  rom -  in the direction of chroma.The range of door color 
i tri tion is from 3-  in t e irection o  a e  n  t e range o  oor co or i tri tion i  

from 3-  in t e irection o  a e  And co or a o te   oor i  o  an  mi e a e an  
chroma. e range o  oor co or i tri tion i  rom  to  in t e ac  a o  
region.The range of door color i tri tion concentrate  rom  to  in t e re  ao  
region  n e  olor System. 

 
Figure 5: Measurement color by NCS COLOR SCAN 2.0 and Analysis by NCS Color 

System 

918
AIC2015 TOKYO - Color and Image



 

 

Figure 3: Measurement color by CM-2600d and Analysis by Munsell Color System                                                                                                                                                                                                                                  

 

 
Figure 4: Measurement color by CM-2600d and Analysis by Munsell Color System 

The result of the first group is anya e   n e  olor System.The range of door 
co or i tri tion i  rom -  in t e irection o  c roma.And the range of door color 
i tri tion concentrate  rom -  in the direction of chroma.The range of door color 
i tri tion is from 3-  in t e irection o  a e  n  t e range o  oor co or i tri tion i  

from 3-  in t e irection o  a e  And co or a o te   oor i  o  an  mi e a e an  
chroma. e range o  oor co or i tri tion i  rom  to  in t e ac  a o  
region.The range of door color i tri tion concentrate  rom  to  in t e re  ao  
region  n e  olor System. 

 
Figure 5: Measurement color by NCS COLOR SCAN 2.0 and Analysis by NCS Color 

System 

 

 

e re t o  t e econ  gro  i  an a e   S olor System.The color of door 
i tri te  in t e range o     an   e co or o  oor i tri te  concentrate   an   

The character of the color in this idea is Toned dark gre  an  ar  ee  tone  corre on  
to nearly colorless.  

4. CONCLUSIONS 
e r o e o  t e c rrent t  a  to ana e the door color on the Traditional Palace of 

t e ing om o  o eon a e  on t e re t  t e co or a o te   oor i  o  an  mi e 
value an  c roma  t e n e  o or S tem  n  t e co or a o te   oor i  Toned 
dark grey and dark deep tones correspond to nearly colorless  t e S o or S tem.  

o o ing t e re t  t e tra itiona  a ace co or o  t e ing om i  a ociate  it  
traditional Korean culture. Korean traditional culture thinks that the relationship for person 
and nature o  e a armonio  nit  n er t e in ence o  t i  i ea  eo e re er to 
use the natural unity of color and materials. Even though Korea also has a hirerarchy society 

t not too ierce o t at ring t e rig tne  e ign o  a ai a e  t e co or  are mo t 
n o i ticate  ic  are t more attention in t e spiritual feelings. e ma or co or o  
orea arc itect re are e   a mmetrica  a ance it  nat ra  an  armonious 

color.The color of the palace also has same character, the color impression is not serious 
an  igni ie  en e  e im re ion i  re a e  an  ta e integration o  t e nat re ee ing  

 c  t re re earc  i  analyze other architectural element color on the Traditional 
Palace of the Kingdom of Joseon. n  it i  ana e arc itect ra  e ement co or on t e 

ra itiona  Pa ace o  ina  t i  in  o t t e ame an  i erent c aracter et een ina 
and Korea.  
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ABSTRACT
This research aims to locate Thai colour names in the Munsell colour system. Three different 

e eriment  a e een carrie  o t  c a ica  categori e  an  on ine  or t e ir t an  econ  
e eriment   an   ect  re ecti e  ere e ecte  a  ma e an  a  ema e  a ing a  
norma  co o r i ion  ne t o an  t ree n re  matt n e  eet  ere e  in ot  e eriment  

rom eac  n e  eet  a am e o     cm a  c t or t e fir t e eriment an  a am e o   
  cm a  c t or t e econ  e eriment  e fir t e eriment c a ica  co o r naming  in o e  
o ing tim i irect  to eac  ect n er contro e  en ironment  en ect  ere e  in 

t i  e eriment   ma e an   ema e  e n e  am e  ere ace  on ne tra  gre  ac gro n  
n er im ate   ig t o rce in a tan ar  ig t oot  e am e  ere o n ran om  an  

t e ect  ere a e  to e re  t e name o  eac  am e  co o r a  a ic co o r term or a  non
a ic co o r term  eir re on e time a  recor e  or eac  co o r am e  o n re  co o r 
am e  ere re eate  t ice to e timate naming con i tenc  e econ  e eriment categori e 

co o r naming  a  carrie  o t on a   ect  e n e  am e  ere ai  ran om  on a gre  
ac gro n  ta e it  t e i e o     cm  n er im ate   ig t o rce  e ect  ere 

a e  to categori e t e co o r  o  t e am e  accor ing to t e co o r name  t e  no  e roce  
a  re eate  t ice  n t e t ir  e eriment  one n re  an  fi t  t o ect  it   re orting 

norma  co o r i ion name  co o r am e  in an on ine co o r naming e eriment ona   
ac ona   e mean age o  a  ai artici ant  a   t    ema e  ere in o e  

in  o  t e re on e  an  ma e  in  o o r centroi  re on e time an  con i tenc  o taine  
rom a  t ree e eriment  an  rom i erent ang age  ere com are
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ABSTRACT 
We conducted  experiments in colour naming and colour categorisation in Thai to facilitate 
colour communication within and across cultures. In this study, we compare the frequency 
and location of Thai basic colours terms (n=11+1) in three experimental methodologies - 
two conducted in controlled viewing conditions (classical and category) and one over the 
Internet. Although the frequencies of colour names across the methods were different, they 
produced ranks within each method that were only slightly different compared with the 
ranks obtained in the other 2 methods. In terms of hue and lightness the agreement was 
relatively good for most colour terms but we found large differences in chroma. 

1. INTRODUCTION 
There are five published studies about Thai colour naming. Three of them are made by 
linguists and were published in Thai language. 

The first study was focused on colour names and on colour perception in Utaradit, north 
of Thailand (Witchurote, 1986). One hundred and twenty observers participated but only 
33 colour names were verbally stated. More than 90 percent of observers could name 
white, red, yellow and green. Seventy percent could name black, pink, sky blue, and 
orange. The number of known colour names was significantly different among gender, age 
and profession. The colour names that could be identified with highest precision were 
white, black and yellow. 

The second research was the comparative study of Zhuang on Thai colour terminologies 
(Prasithrathsint, 1988). Four observers, with ages between 30 and 40 years, living in 4 
geographic regions: central (Bangkok), north (Chiang-mai), north east (Nakhon-ratchsima) 
and south (Nokorn-sri-thammarat), were interviewed and were randomly showed 217 
printed colour samples one by one. The process was repeated twice. The colour samples 
were printed by Graf-G process inks from Dainippon Ink and Chemicals. Basic colour 
terms were defined on the criteria of Berlin and Kay, distinguishing the following 3 cases: 
1. Identical 12 basic colour terms were identified using: a). observers from Bangkok; b). 
observers from Chiang-Mai; 2. Eleven basic colour terms were identified using observers 
from Nakhon-ratchsima; 3. Ten basic colour terms were identified using observers from 
Nokorn-sri-thammarat. 

The 12 basic colour terms identified in the first case, are: white /khaw/, black /dam/,  
red /dang/, yellow /leaung/, green /khiaw/, sky blue /fa/, blue /nam-ngen/, brown /nam-
tan/, grey /thaw/, purple /muang/, pink /chom-pu/ and orange /som/. In the second case, all 
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former colour terms were identified but blue and sky blue were identified with the same 
colour term. In the last case, grey and brown were identified with the same colour term 
while pink could not be associated to any colour term, the rest of colour terms being as in 
case 1. Despite the subjectiveness of the observation procedure, useful data was collected 
and, based on it, further studies were developed. 

In 2003, there was a third research, a comparative study of colour terms made for the 
Sukhotai period (13-15 A.D.) and for the present time (Engchuan, 2003). Thai colour 
names that were found in recorded documents originating in Sukhotai period were 
corroborated with colour samples and natural colour objects. The colour name 
identification process was carried out with 10 female and 10 male observers, having the 
age between 30 and 45 years. This study showed that there were 5 basic colour terms in 
Sukhotai period: white /khaw/, black /dam/, red /dang/, yellow /leaung/, green /khiaw/, and 
12 in present time: white /khaw/, black /dam/,  red /dang/, yellow /leaung/, green /khiaw/, 
sky blue /fa/, blue /nam-ngen/, brown /nam-tan/, grey /thaw/, purple /muang/, pink /chom-
pu/ and orange /som/. 

In addition to the 3 studies conducted by linguists, there were 2 more studies performed 
by colour scientists on traditional Thai colour names. The first study resulted in the 
subjective identification of 50 colour names and was published in a Thai local journal in 
1988 (Siripant, 1988). The second study is based on an objective identification method 
first published in 2011 (Katemake et al., 2013), which was subsequently improved, 
resulting the first Traditional Thai Colour Name Dictionary that presents 147 traditional 
Thai colour names analysed, identified, quantitatively described, explained, transliterated 
and translated (Katemake and Preda, 2014). Most of the traditional Thai colour names take 
the names of specific objects from nature and environment to be part of their name in 
combination with basic colour terms. 

In December 2013, we started collecting unconstrained colour names with their colour 
coordinates from hundreds of Thai speakers in an online colour naming experiment 
(Mylonas & MacDonald, 2010) with an aim to facilitate colour communication across 
cultures over the Internet. In this study, we attempt to validate our findings by comparing 
the frequency and the location of colour centroids in CIELAB, against two experimental 
methodologies conducted in controlled viewing conditions. 

2. METHOD 
Three experiments of colour namings: classical (CS), category (CT) and online (OL) were 
carried out. The method of online experiment is already publised (Mylonas & MacDonald 
2010, Mylonas & MacDonald 2015), therefore we will only describe the principle. 

2.1 Stimuli Preparation 
One thousend three hundred matt Munsell sheets were used in both CS and CT 
experiments. Samples of 5 x 5 cm were cut from each Munsell sheet, were pasted on white 
cardboard and were framed with neutral grey for the classical experiment.  For the CT 
experiment, cut samples of 2 x 2 cm size were pasted on white paper with magnetic sheet 
and marked with Munsell notation and barcode on the opposite side. In OL experiment, 
600 Munsell codes were selected from the Munsell Renotation Dataset with an addition of 
neutral samples and were converted to sRGB colour coordinates in order to display the 
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colours on a monitor against a neutral mid-grey backgroud. The chosen size for each 
displayed colour was 147 pixels width and 94 pixels height, which for a pixel density of 
3.3 pixels per mm would be 4.5 x 3.0 cm, subtending an angle of 3.4 degrees at 50 cm 
viewing distance (Mylonas & MacDonald, 2015). 

2.2 Subjects 
In the CS experiment, 10 paid subjects participated (5 males and 5 females) with an 
averaged age of 26.9 years (σ=6.9). The subjects were undergraduates, graduates and 
lecturers, all having normal colour vision and half of them having basic knowledge of 
colour science. In the CT experiment, 8 paid subjects were involved (5 males and 3 
females), undergraduates, graduates and lecturers, with an average age of 25.6 years 
(σ=7.7). In the OL experiment, 266 subjects participated but only the responses from 214 
subjects (156 males and 58 females) could be used for analysis. Their education level 
ranged from primary school to Ph.D and their averaged age was 29 years (σ=9.8). 

2.3 Apparatus and procedure 
In the CS experiment, Munsell samples were placed in a viewing booth of 116x56x83 
(WxLxD) with neutral grey interior walls. D65 fluorescent lamps, with the colour 
rendering index (CRI) of 98 and total illuminance of 1200 lux, were installed on the 
booth’s ceiling. The viewing distance was 60 cm. This resulted in an approximately 
subtended angle of 4.8 degrees for the sample size of 5 x 5 cm. In the CT experiment, 1300 
Munsell samples with magnetic base were randomly positioned on a 100x200x92 
(WxLxH) cm iron-table with neutral grey background. The D65 fluorescent lamps, having 
the same CRI and illuminance as in the CS experiment, were installed on a white ceiling 
placed 90 cm far from the table surface. The ceiling was sustained by a framework 
outranging the experimental area in order to have no walls within the subjects’ viewing 
range. The viewing distance depended on the height of subjects. For an average height of 
160 cm, the viewing distance was approximately 74-78 cm. The subjects’ variable sized 
top part of the body was another factor affecting the viewing distance. This gave an 
approximately subtended angle of 1.5 degrees for the sample size of 2 x 2 cm. 

For the CS experiment, 2 samples were cut from each Munsell sheet, resulting 2600 
samples. One set of 1300 samples, one sample for each Munsell colour, was randomly 
separated in 6 boxes. From the second set of 1300 Munsell samples, 200 samples were 
randomly selected and placed into a 7th box. The samples from the 6 boxes were shown to 
the subjects one at a time in random order in the viewing booth. The subjects were asked 
to say “open” when opening the grey cover for viewing each sample and they were asked 
to name each colour, as fast as possible, using basic colour terms or non-basic colour 
terms, without using foreign words. The time needed for each subject to name each colour 
was recorded as response time for the considered subject/colour pair. The 7th box with 
200 samples was used for checking the consistency of the obtained data. The total 
observations were 15,000. In the CT experiment, 1300 Munsell samples were placed 
simultaneously on the iron-table. The samples were shown randomly to subjects who were 
asked to select and group colours according to each subject’s opinion on colour 
similarities and based on each subject’s choice for naming the colour-group. The colour 
names were written down for each resulted group and the colour samples from each group 
were placed separately into small boxes. The subjects were allowed to build colour-name 
groups simultaneously and/or sequentially. The total observations were 10,400. We 
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measured each Munsell sample under the experiment lighting condition with Konica 
Minolta CS-1000 in the same angle and distance that subjects were seated.  

The OL experiment (www.colournaming.com/th) consisted of six procedural stages: i) 
adjusting the display condition ii) giving display information iii) testing colour vision iv) 
naming colours of 20 randomly selected colours, v) giving cultural information and vi) 
summary of the results (Mylonas & MacDonald, 2010).  

3. RESULTS AND DISCUSSION 
In the laboratory experiments, the subjects were asked to name the colours in Thai 
language without using foreign descriptive terms or Thai words of foreign influence. More 
colour terms were obtained in the CS experiment, when one sample at a time was shown to 
the subjects, than in the CT experiment, when various samples were shown simultanously. 
The average ratio was 6 to 1. We analysed the data in terms of colourname frequencies and 
colour centroids. The colour names were divided into 3 groups: G1) basic colour names 
according to Berlin and Kay (Berlin and Kay 1969) definition plus fa (sky blue) G2) 
monolexemic terms and G3) colour names that include G1+identifier, G2+identifier, 2 
colour-word and 2 colour-word + identifiers. The reason why we added fa (sky blue) to the 
basic colour names is that fa (sky blue) has been used to represent blue before the word 
nam-ngen (blue) was known. With CS and CT method, G1 were 23.03% and 61.90%, G2 
were 1.34% and 2.88% and G3 were 75.25% and 35.22% respectively.  

The frequencies of colournames grouped in G1 are shown in Figure 1. The colourname 
with the highest frequency obtained in the CS method was thaw (grey): 20.32%, because 
the matt Munsell samples within the first step of chroma, which is much higher than other 
steps, were mostly named thaw (grey) by subjects. However, when subjects were shown 
these samples along with other samples, the resulted frequency dropped to 9.38%.  The 
colour names that had the top six highest frequencies were: 1) for CS: thaw (grey), khiew 
(green), muang (purple), nam-tan (brown), chom-pu (pink) and fa (sky blue); 2) for CT: 
khiew (green), muang (purple), chom-pu (pink), fa (sky blue), nam-tan (brown) and thaw 
(grey); 3) for OL: muang (purple), chom-pu (pink), fa (sky blue), khiew (green), nam-ngen 
(blue) and nam-tan (brown). This shows that fa (sky blue) is more frequent than nam-ngen 
(blue), which indicates that fa (sky blue) might be more appropriate to be considered in the 
Berlin and Kay 11 basic colour terms than nam-ngen (blue). 

Colour centroids of G1 colourname-group (n=11+1) determined in all three 
experiments, are shown in Figure 2. The CIEDE2000 colour differences in CIELAB 
between CS and CT  were relatively small (mean DE00=3.26) because the same type and 
number of colour samples and the same type of illumination were used in both methods. 
The differences between CS and OL (mean DE00=12.5) and between CT and OL (mean 
DE00=12.5) were mainly observed in chroma. The largest hue difference was observed in 
nam-ngen (blue). The lightness difference was small across the samples, dam (black) being 
an exception. The colour centroids obtained for thaw (gray) in the 3 methods were close to 
each other.  

The advantage of the CS over the CT method is that a greater number of non-basic, 
non-monolexemic colour names could be recorded. This method is similar to OL in terms 
of presenting samples sequentially to the subjects. The disadvantage of CS compared to 
CT relies in the time consuming procedures of colour naming and analysis. 
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Figure 1: Frequencies of basic colour terms plus fa (sky blue). 

 
Figure 2. Colour centroids of basic colour terms plus fa (sky blue) obtained by CS 

(square), CT (diamond) and OL (circle) methods, D65/10o, left plot is CIE a* b* showing 
hue and chroma differences and right plot is CIE L* C* showing lightness and chroma 

differences. 

4. CONCLUSIONS.  
In this study, we presented a comparison of the frequency and location of basic colour 
terms in Thai among three experimental procedures. The small differences observed 
between the two laboratory procedures (CS vs. CT) might be due to the same type of 
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4. CONCLUSIONS.  
In this study, we presented a comparison of the frequency and location of basic colour 
terms in Thai among three experimental procedures. The small differences observed 
between the two laboratory procedures (CS vs. CT) might be due to the same type of 

 

 

colour samples and illumination used in both methods and the effect of size and 
surrounding. The relatively larger differences between online and laboratory (CS vs. OL 
and CT vs. OL) observed mainly in chroma might be the result of different sampling and 
different display medium and the constrain of subjects in the laboratory setting to use 
foreign influenced words. Our initial results are encouraging, but further work is still 
needed to develop a comprehensive colour naming model to facilitate colour 
communication across cultures including the analysis of basic and non-basic colour names 
and their response times. 
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ter mo erni ation  in ence   e terni ation  an o  a tra itiona  co t me in orea  i  
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color or materials. So I make a hypothesis that if there are same colors or materials, have different 
e e  o  ee  tra itiona  or mo ern  accor ing to materia  or co or  n  or t i  t   ma e  
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cotton  atin   e ect to e e  to t e mo erni ation an  o ari ation o  an o
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ABSTRACT 
ecent  tra itiona  orean c ot e  an o  eing ercei e  a  incon enient an  o t o  

style, are evaded from young people and daily life. Thus, this study felt the need to develop 
co or  an  materia  o  an o  an  o g t to in e tigate ic  in  o  a ric an  co or 
the young generation might feel as traditional or modern. On the premise that the extent of 
eo e  erce tion a  tra itiona  mig t i er  co or or a ric  t e t  arrange   

co or am e c i  com o e  o  ario  a ric  c  a  cotton  atin  c i on  organ ie an  
a ric or an o  an  con cte  e tionnaire r e  among  omen in t eir  an  

   a re t  t e t  o n  t at regar e  o  a ric t e  co or  it  ig  lightness 
ere ominant  ercei e  a  mo ern  i e t o e it  o  lightness as modern. And as 

the significant difference the study also found that i e a ric  ercei e  a  tra itiona  
a  no ig i erence  c i on an  organ ie-tran arent an  t in a ric - ere not ercei e  

a  mo ern  a e  on t e e in ing  t i  t  e ect  t at i  a ric or an o  ere e  
e ce ting a ric  c  a  c i on an  organ ie  a o a ong it  co or  it  ig  lightness, 
it i  contri te to mo erni ation an  o ari ation o  an o   

1. INTRODUCTION 
 orean eo e  o era  i e t e a  een e terni e  ince t e mo erni ation in t e 

mi  t  ent r  tra itiona  orean c ot e  an o  eing ercei e  a  incon enient an  
o t o  t e  t maintain  it  tat  a  a ig -c a  orma  re  to e orn in t e e ent  

c  a  ir t irt a  art  an  t  irt a  art   or rea on  or t at enomenon  
Soo e eon  ong o ng oi  n ng ee  attri te  to incon enience in 
acti it  c m er omene  an  i ic t  o  an ing  i e Kyung-Hee Hong  
attri te  to incon enience  on t i e t e image  an  on t i e to attract t e attention of 
ot er  or t e rea on  tra itiona  an o  i  a erte  in ai  i e  i  te  eo e  
erce tion a  not c ange  in t e co r e o  o er  ear  time  ig ig ting t e rgenc  o  
an o  mo erni ation .  

Under the circumstances. this study, in an attempt to develop various colors and materials 
or an o  o g t to in e tigate ic  in  o  materia  an  co or t e o ng generation 

mig t ee  a  tra itiona  or mo ern  inc ing mo ern materia  a  e  a  materia  or 
an o    materia  an  co or  o  an o  ere to e e  in a mo ern t e a e  on 

t e in ing  o  t i  t  t e t  e ect  it i  contri te to mo erni ation an  
o ari ation o  an o  

2. METHOD 
Prior to e erimenta  e ign  t e t  e ta i e  t o hypotheses to i enti  o  
co or i  to e ercei e  a  tra itiona  e en ing on a ric - the purpose of this study. 

ne i  t at ame co or ma  generate i erent ee ing  o  eing tra itiona  e en ing 
on a ric  not er i  t at ame a ric ma  generate i erent ee ing  o  eing 
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2. METHOD 
Prior to e erimenta  e ign  t e t  e ta i e  t o hypotheses to i enti  o  
co or i  to e ercei e  a  tra itiona  e en ing on a ric - the purpose of this study. 

ne i  t at ame co or ma  generate i erent ee ing  o  eing tra itiona  e en ing 
on a ric  not er i  t at ame a ric ma  generate i erent ee ing  o  eing 

traditional depending on colors.   

2.1 Collection of survey data 
i ing on t e e ot e i  t e t  con cte  a e tionnaire r e   com aring 

a ric  act a  e  in an o  it  t o e generally used in modern clothes. As the first 
step, the study collected recently- e  am e  o  a ric  or an o  an  t en co ecte  
a ric  c  a  cotton  atin  c i on an  organ ie arge  e  or mo ern c ot ing  t 
e ecte   am e  in tota   matc ing a ric  i entica  or imi ar it  a ric or 
an o     

2.1.1 Types and features of fabric 
oo ing at eat re   t e a ric t e e  in t i  e eriment  a ric or an o  a  ine 

an  reci e tr ct re a  e  a  i er e te t re  an  e ign  erea  cotton a  a it ro g  
r ace e to re ati e  t ic  t rea  an  it  tr ct re o  ain ea e  Satin  c o e  o en 
 t in t rea  a  o t r ace an  tre  n i e t e a o e a ric  c i on an  organ ie 

a e c  a oo e  o en tr ct re a  to e i i e t e ot er i e  i e t e  are i tinct 
in that chiffon is soft and organdie is ite stiff.    

2.2 Composition of questionnaire and analysis methods 
 ran om am e c i  ro ce   t e a o e met o  ere i tri te  to t e ect  o  

t e r e  e e tionnaire com ri e  t ree c oice  t e  ere o e  to c oo e 
tra itiona  an  mo ern  i  t e  o n  eac  am e to e o an  ne tra  i  t e  found the 
am e i n t e ong to an  eci ic categor  n  t e ect  ere a e  to c ec  i  eac  
am e ere ercei e  tra itiona  or not   

e r e  a  con cte  among ema e gra ate t ent  in t eir  an   o ere 
sensitive to colors, an  a e  on t e ana i  o  re enc  o  an ere  o tcome  t e t  
ana e  t e i tri tion o   a e  o  t e am e  

3. RESULTS AND DISCUSSION 
e re t o  c a i ing tota   am e  it  i tinct i erence  - t o e it  t e mo t 

votes an  getting e en or more ote  e on  t e ma orit  at t e ame time - o e  t at 
 am e  ere ercei e  a  tra itiona   ere a  mo ern  an   a  ne tra  o e er 

in an effort to investigate definite colors perceived either traditional or modern, the study 
e c e  t e am e  t at ere an ere  a  ne tra  or i n t a e c ear i tinction it  
one vote difference or the tie.   

3.1 Analysis by the color 

oo ing at t e i tri tion o   co or coor inate o  t e am e  con i tent  
ercei e  a  tra itiona  or mo ern regar e  o  a ric t e  o t o  t e am e  it  ame 

co or t i erent a ric  t e am e  ercei e  a  mo ern ere e en  i tri ted for 
t eir c roma t ere main  it ate  at ig  lightness  i e t e am e  ercei e  a  
tra itiona  ere centere  on o  c roma an  o  lightness. And the colors perceived as 
tra itiona  ere main  re ea e  a   gro  P gro   gro  n t e ot er hand, the 
co or  ercei e  a  mo ern ere e en  i tri te  among  gro   gro   gro  
e ce t  gro  Figure  a e  o  t e co or  ercei e  a  eit er tra itiona  or 
mo ern regar e  o  a ric t e   
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Table 1. Color with consistent images 
Traditional Modern 

  

 

 
 

Figure 1. Color distribution with consistent images 
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oo ing at a ric t e  e ecte   eac  image  a  a ric  c  a  a ric or an o  
cotton  atin  c i on an  organ ie ere ercei e  a  tra itiona  erea  on  a ric or 

an o  e ce t c i on organ ie  cotton  atin ere ercei e  a  mo ern   

And loo ing at t e rate e ecte  a  tra itiona  or mo ern in ro ortion it  t e am e 
n m er o  eac  a ric t e a  er a e  organ ie  c i on  a ric or an o  an  
cotton ere more e ecte  a  tra itiona  i e atin a  t e ame ercei e  rate et een 
eing tra itiona  an  mo ern   

a e  on t e e in ing  t e t  a  a e to i enti  t at a ric  it  tra itiona  
image a  no ig i erence  i e t in an  tran arent a ric  c  a  organ ie  c i on 

ere not ercei e  a  mo ern   

Table 2. Selection rate of the image by the fabric 

a ric t e No. of 
samples 

Traditional Modern 
n  n  

an o   8 33.3   
Satin  8 33.3 8 33.3 

i on  3    
Organdie 8     

otton      
Totall      

n  o  o  e ecte  am e   t e a ric 

◆ Traditional  △ Modern ◆ Traditional  △ Modern 
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3. CONCLUSIONS 
 a matter o  act  an o  oe  not get goo  re on e rom contem orar  o ng 

generation e ite a i er e range o  t e in tr  e ort  to mo erni e an  o ari e it  
n  in an attem t to in  a  to o ercome t i  circ m tance  mo erni ing materia  

an  co or  o  an o  t i  t  e   co or c i  com o e  o  a ric or an o  an  
mo ern a ric an  con cte  t e r e  on et er o  eo e mig t ercei e eit er 
traditional or modern depen ing on a ric  an  co or   

a e  on  an   am e  ercei e  a  tra itiona  an  mo ern re ecti e  t e t  
con cte  ana i  o  et  com o e  o  i entica  or imi ar co or  regar e  o  a ric 
t e  an  a  a re t o n  t at t e co e o  co or  ercei e  a  an o  ere ituated at 
high lightness an  t at o  co or  ercei e  a  tra itiona  ere centere  on o  c roma an  
o  lightness  n t e ot er an  t e co or  ercei e  a  mo ern ere e en  i tri te  

among  gro   gro   gro  e ce t  gro  oo ing at t e ana i   t e a ric  
a ric  it  tra itiona  image a  no ig i erence  i e t in an  tran arent a ric  c  

a  organ ie  c i on ere not ercei e  a  mo ern   

a e  on t e e in ing  t e t  re ea e  t at im ortant actor  in encing eo e to 
ercei e eit er tra itiona  or mo ern inc e   gro  co or  it  o  lightness an  o  

chroma - co or  a o te  e t a  tra itiona  regar e  o  a ric t e  - an  co or  it  
high lightness -colors felt as modern - a  e  a  t in an  tran arent a ric  c  a  
organdie and chiffon.  

 i ing on t e e  t e an o  in tr  ere to ro ce an o  ing co or  it  ig  
lightness - perceived as modern - or using main  a ric  ot er t an organ ie an  c i on  
an  timate  com ining co or  ercei e  a  mo ern it  a ric  ot er t an organ ie an  
c i on  it i  e ecte  to contri te to mo erni ation an  o ari ation o  an o  
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The Positive Impact of Image by Colour for Vulnerable People
aria ena 

mage  o o r coac  a mania  tra ia

ABSTRACT
mage con ting a  een irecte  to an e ite ociet  mo e  e ec ti e  o itician  an  

ce e ritie  o o ing t e a ice o  an e ert to e e o  t eir image
o o ing a ion an  ran  in icate  an image o  cce  an  tat

t  o on  eo e o  ig  ocia  tat  e er e t i  er ice  
e ro o a  o  t i  re entation at   i term eeting in o o i  a o t o

mage  o o r a  e e  man  nera e eo e  
 am c rrent  o nteering m  er ice  in tra ia to e  eo e o are nera e  

disadvantaged or feeling isolated from society. 
For example: 

ictim  o  i crimination
ictim  o  ome tic io ence 
ictim  o  ing 

Peo e it  i a i itie  
n ec re teenager  it  eating i or er

omen it  emotiona  or ica  rt  o e e ort  a  er  o
e gee   o  nee  to ee  a i ate  a  t e  tart a ne  i e

Patient  an  t eir caregi er  ere i ea e a  re ce  t eir ica  image
nternationa  t ent  o ma e ictim  o  ing  oca  eo e
n m  re entation  i  o  t e e ce ent re t  on t e e nera e ector  an  o   t e 

impact of colour has had an immediate, real and lasting effect on their lives.
e artici ant   o   t e Po iti e m act o  mage  o o r or  nera e  Peo e ro ect  

earn to  re i co er t eir o iti e e image  i  t eir e e teem an  ee   more con i ent to  
achieve  their life goals - all through simply enhancing their physical appearance and the colour of 
their clothing.

o    re ing it  tai ore   rien  co o r  an   earning o  to com ine t em   it  
en ance  t eir tota  a earance  t en ance  t eir in  ra iance an  t e g eam in t eir e e

e  a e enefite  rom t i  a ice  ee ing more confi ent  fin ing or  an  a ing o e 
a ter ma or i e c ange

e mage  o o r er ice ort  re ect o    t eir i er it   creating a gen ine  ni e 
an  armonio  image  i  in ence  rom t e fir t contact  t e im re ion ot er  a e o  t em  

e or  a   a  een  e e o e  in  a team  com ining  ear  o  m  e erience   it  t e 
ort o  t e  tic t ra  o nci  o  a mania   t e igrant e ort entre  t e  it  i ion   

a ociation  o   i a i it  ort   eo e it  cancer an  t eir career  an  omen  a ecte   ami  
violence.

e ir t art o  t e ro ect a  re ente  in t e   in a aca  e ico  it a   e  
received . 

 o  e ono re  to re ent t e re t  o  t i  contin ing ro ect in o o 

T E POSITI E IMPACT OF IMAGE  COLOUR 
FOR ULNERA LE PEOPLE  

 
MariaElena C ago a 

 I age  Colo r coac  Ta ania  A ralia   

A STRACT 

The participants of “the Positive Impact of Image by Colour for Vulnerable People ”project 
learned to re i co er t eir o iti e e image  i  t eir e e teem an  ee  more 
confident to achieve their life goals all through simply enhancing their physical appearance 
and  the colour of their clothing. 

The  a e ene ite  rom t i  a ice  ee ing more con i ent  in ing or  an  a ing 
o e a ter ma or i e c ange  

e ir t art o  t e ro ect a  re ente  in t e   in a aca  e ico  it a  e  
received .  
 o  e ono re  to re ent t e re t  o  t i  contin ing ro ect in o o  

1. INTRODUCTION 

e ro o a  o  t i  re entation at   i term eeting in o o i  a o t o  
mage  o o r a  e e  nera e eo e  
 am c rrent  o nteering m  er ice  in tra ia to e  eo e o are nera e  

disdvantaged or feeling isolated from society.  For example:  
ictim  o  i crimination an  raci m  a  ictim  o  ome tic io ence ictim  o  ing  

Peo e it  i a i itie   omen it  emotiona  or ica  rt  o e e ort  a  
er  o  re ge  an  migrant  nee  to tart a ne  i e in tra ia  

Peo e it  menta  i ea t  an  menta  i or er  are artic ar  nera e to 
infringement of their civil and human rights and to discrimination

aci m can i o ate an  e c e eo e re enting t em rom a ing e a  o ort nitie  to 
integrate to the society,  The impact and negative effects increase distrust, fear and  
resentment , depression stress and anxiety.  

n tra ian t ie  e re orte  raci m a  een a ociate  it  tance e  
emotiona  an  e a io ra  i ic tie  an  ici e ri  or o ng origina  eo e 3 

A 2009 joint report by the Women’s Centre for Health Matters (WCHM), the Domestic 
io ence ri i  Ser ice S  an  omen it  i a i itie    Women 

With Disabilities Accessing Crisis Services o n  omen it  i a i itie  are more i e  
to e erience a e or io ence t an omen it o t i a i itie   

The mage  o o r er ice ort  re ect o  t eir i er it   creating a gen ine  
ni e an  armonio  image  i  in ence  rom t e ir t contact  t e im re ion 

other  a e o  t em  tro g t to o  t e correct co o r in t eir garment
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With Disabilities Accessing Crisis Services o n  omen it  i a i itie  are more i e  
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ni e an  armonio  image  i  in ence  rom t e ir t contact  t e im re ion 

other  a e o  t em  tro g t to o  t e correct co o r in t eir garment

. MET OD 

oac ing   c tomi e  in tr ctiona  training an  g i ance inter ention e igne  to 
improve the performance and ca acit  o  t e artici ant  team  e mage  o o r  
coac ing i  c aracteri e   inten e  taine  non gmenta  an  a i tance  ort  
gi ing  ee ac  to et goa  i enti  o tac e  an  e e o  an  tro g t t eir image an  
colours  and strategies to achieve goals.  

mage  co r coac ing a  integrate   one  to one  co o r ana  ort t eir  
in i i a  nee  in i  nera e tat  an  t eir g ar ro e an  a o    “peer coaching” , 
t at e  to enco rage it  a er  o iti e ee ac  o  t e artici ant  to eac  ot er   

mage  co o r oac ing  a  ro i e   to eac   particpant:  

e  ing e ation i   an  too  c aracteri e   the provision of assistance, 
tesmtimonlila, personal colours and set of garments to start to use their right colours. 

Partic i ant  recei e  caring  create  en ironment  c aracteri e   a itie  c  a  
e ne  concern  em at  in ne  con i eration  goo  i  re on i ene  an   
a  to o e t eir e  

 

 

 

.1 Sa ple Prepara ion 

The participants achieved to i enti  couching one –to-one the difference et een arm 
and cool colours . Identified their natural colours an  tone  can e to achieve the 
feeling of the confidence to look younger  more i rant and energetic. Their skin colour
are smooth and their texture looks radiance, it  ea t  g eam in their eyes.

e artici ant  i enti ie  rong co o r  t at a ect t eir a earance  oo  o er  
exhausted, ill or dull.   

e artici ant  i enti ie  o  en ance e t eir o n rien  co o r  a e  on t eir in  
hair, eyes, persona and culture. 

e artici ant  i enti ie  t eir ea on an  o  com ine t eir ea ona  co o r  an  
en ance  t eir er ona it  o  com ine  contra t an  coor inate co o r  or t eir o n 
ene it or different occasions through clothing, accessories and right hair colour. 
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e artici ant  it  e ere e e  o  i a i it  recei e  a o one  to-one coaching, it  
e  o i i itie  to i enti   t eir range t e co o r  a  ca ing t e o iti e im act o  

t e co o r  o e er t e moo  an  attit e a  recogni e  or t em an  care  ro g  
their careers  o recei e  a  t e in ormation e contin e t e e erimenta  roce re 

it  t i  nera e ector  

.  E peri en al Proced re 

e artici ant  in a team it  peer gain a er ona  erce tion t at  c o ogi t  a e 
etermine  t at t e co o r i  t e ir t conce t a o t a person’s appearance. Its impact is 

immediate and long-lasting.  

e artici ant  recogni e o  t e rig t an  incorrect co o r  e  in a erio  o   mont  
a  a ecting t eir moo  a arent age  t eir attit e on i e an  t e o era  im re ion can 

make on others. They was using the “wrong colour” for some hours 2 days a week to 
mea re tr e im act it  ot er  an   in t eir o n erce tion o  t em    

 gro  t e artici ant  a  eac  ot er  at in  o  ir t im re ion o o  ma e  
ir t im re ion i  t e mo t im ortant im re ion o  e er ma e--and you get only one 

chance to make it .

Left  side wrong colours  - Right side right colours  
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chance to make it .

Left  side wrong colours  - Right side right colours  

. RESULTS AND DISCUSSION 

Table 1.  Positive Impact of Image by Colour 

n t e roce  ot t e ro ect t e Po iti e m act o  mage  o o r or nera e Peo e  
t e artici ant   a o  e erimente    earing c ot  ne  an  ran  name it  tat  o  
e en i e c ot  t not in t eir range o  o iti e co o r  a  con e ence  t e  a e t e 
o ort nit  to com are o  t e  ee  o  t e eo e treat t em    e genera  im re ion 
i  it  t at in  o  c ot  mean  rong co o r  in e en i e garner  on  ca e t e e ect to 
focus the attention in the cloth, not in the person. 

e i c ion a  centre  a o t  ne  c ot   an  goo  a it  or amo  ran  name  are 
etter e ement  to create a o iti e image don’t matter at i  t e colour. 

eir a i ate t at   earing o  t in goo  con ition garment  in t e rig t co o r  t e 
artici ant   t e coac  o  mage  o o r o tain t e i  to coor inate an e ecti e  
mart an  nctiona  ar ro e t at i  e  create a o iti e image o  t em it  e  

effort and  money. 

e e  o  t e   re ection or t e nera e ector i  t at a ot o  t em are acce ting e 
garment  are re a e  rec c e or o    recei ing  a  re ent  onation or   ing  in   
opportunity  or second   hand stores.   

e re t to ear in t e a t erio  o  t e  ro ect  t eir correct  tone an  egra ation 
of colours in the range of “best” co o r  en ance t eir armon  a  a er  ati action 
re t or a  o  t em an  re ati e  to ee t en it  a er  a  an  con i ent ace  

Ta le 1.  Po i ive I pac  of I age   Colo r  

Increase 
selfesteem 

Increase confidance 

in participants 

x Economical 
disvantage

x x

x i a i it x x

x Feelings of 
e a ation

x x
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. CONCLUSIONS 

 nera e ector  omen an  men  not t tat e  amo  or ric  eo e can e e o  
t eir e  i enti  i e gaining re ect or t eir i er it  t ro g  an en ance  gen ine an  
harmonious self image.

To find, use and coordinate a range of positive and friendly colours is the  key to portray 
you and create a positive image of yourself.

e min  t at t e  o i tic nerg  in t e nera e ector  nee  t e ort o  t e ocia  
or er  octor   or t era i t  an  t e a a e c o ogica  ort  are ara e  a t i  

service.  o e er dear lovers of the colour : 

e ene it to ort  nera e eo e  o tart to e e ecti e  a mire an  a e t eir  
image ic  a rea  tarte  to o e in t e mirror  t e ee ing o   con i ence to en ance to 

e t eir  i  ta ent   n ance t eir  ro  o  t eir ni e  i er it   ac gro n  an    
er ona it  i  t e e t m e t  im re i e   im ortant an   im act  o  t at t e co o r  
or nera e eo e i  ca ing  
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PS2-9

Faith in the Power of Color: Spiritual Revival from the East Japan 
Earthquake Disaster

Yumi AWANO
o o o ei ni er it

ABSTRACT
o o  i trict in a an i  a e ere c imate t a  een e e  it  t e ric  ar e t rom 

t e ea oo  an  ie  Se era  manner an  e ti a  or contact it  at re a  een in erite  
t ere ince o  recogni e  t e e i tence o  t em  or e am e o  S S  o  no n 
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ABSTRACT 

The Pacific Ocean coastal area of Tohoku, Japan suffered extensive damage due to a 
massive earthquake and tidal wave, which occurred on March 11, 2011. The entire 
infrastructure and memories of towns disappeared in a short moment. 15,891 people died, 
2584 people were missing, and 6,152 people injured. Though the landscape changed 
beyond recognition, people seemed to experience a revival to the living world through the 
use of color. I discovered this when my eyes beheld the color in the landscape. This 
contrast between a relative figure and the background, can be considered as hare and ke, 
using Japanese concepts. Color is the accent spread on a level landscape as hare, meaning 
uncommoness. It works as a spice. For example, there was the cheerful color of senbazuru 
(one thousand paper cranes), dashi (a kind of float with a variety of decorations in festival 
parades), tairyohbata (good catch flag), and the flowers blooming  on rubble of the 
collapsed schoolhouse painted by high school students and their teacher. These colors can 
be considered a sign of courage, or maybe as an anchor, or perhaps as many good wishes. 

Color is a flower. Furthermore, while there is life, there is color. The faith of the entire 
culture and daily customs are formed as a result of personal modest daily beliefs. In this 
article, I wish to make certain that color accompanies the people of Tohoku to recover from 
this calamity. I will use these ideas as a clue to explore a relation between the Japanese 
spirit and treatment of color. 

1. INTRODUCTION 

Tohoku, Japan has a severe climate but has been blessed with the rich harvest from the 
sea, woods and fields. Many customs, traditions, and festivals bringing people into contact 
with nature have been handed down through the generations. The scenery of the coastal 
area was changed completely by the serious tsunami damage of the East Japan Earthquake 
on March 11, 2011. Several tidal waves caused by the intense earthquake destroyed almost 
everything, while reaching inland to the forest floor, carrying almost everything along in 
the undertow. The amount of wreckage was almost insurmountable. If I look at this from 
another perspective, the wreckage at least left some fragments of life before the tsunami. 
This situation caused most people inner conflict. It was a time of countless funerals. Sky, 
soil, and plants - this landscape without any artifact from the modern era closely resembled 
an ancient era (Figure 1,2). In those days, human beings constructed their life by using 
only basic tools and materials. People's minds as well as the material civilization were 
injured now. 

 When I visited there with a great deal of anxiety, I was convinced that color could bring 
out people's vitality to get them through their unprecedented loss. For example, I could see 
the cheerful color of senbazuru (one thousand paper cranes), dashi (a kind of float with a 
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soil, and plants - this landscape without any artifact from the modern era closely resembled 
an ancient era (Figure 1,2). In those days, human beings constructed their life by using 
only basic tools and materials. People's minds as well as the material civilization were 
injured now. 

 When I visited there with a great deal of anxiety, I was convinced that color could bring 
out people's vitality to get them through their unprecedented loss. For example, I could see 
the cheerful color of senbazuru (one thousand paper cranes), dashi (a kind of float with a 

variety decorations in festival parades), tairyobata (good catch flag), and the flowers 
blooming on rubble of the collapsed schoolhouse, painted by high school students and their 
teacher. The brilliance of tint produced an attractive contrast in the landscape that had lost 
its focal point.  

2. LANDSCAPE OF COLOR AS HARE 

In this section, I will introduce the three phases after this calamity to consider the power 
of color as well as a healing: that of natural sight, traditional rite, and activity of people. 

2.1 Flowers 

Snow fell after the disaster in March; weeds covered up a scar in the ground in summer. 
Below, in figure 3 and 4 the scene looks like a calm grassland. But a vacant house in the 
midst of the grassland can be seen. A curtain fluttered from a broken window. The 
residential area from the past was quietly spread under the sky. Though the rubble was 
almost all disposed of, fragments of someone’s life were still scattered throughout the 
bushes. Between the sky and the aimless ground, my eyes were attracted to yellow and red 
flowers. Then, I noticed that there were floral tributes placed here and there. I respectfully 
restrained from taking pictures since the flowers represented a private requiem. It was the 
season of Obon (a memorial service event for dead persons and ancestor spirits). 

Figure 3,4; At Ishinomaki, Miyagi(August 8,2012) 

Figure 2:“The miracle pine tree” also 
gave courage an anchor, and wishes to 
many survivors.(August 17,2012)

Figure 1:Migratory birds return as usual 
to the salt water paddy field in winter.
(Rikuzentakata,December 23,2012)

Figure 4Figure 3

Figure 1 Figure 2
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2.2 Senbazuru (One thousand paper cranes) 

There were dead cedar woods here and there at the foot of the mountains. Sea water 
reached the woods and left damage to the tree roots. After passing several such mountains, 
a colored banner on a protection wall suddenly appeared (Figure 5,6). The plates of 
Tatsuganesan were on a slope of lost woods. Other plates stating, "Thank you very much 
to everyone in the world" were on the protection wall, too. Banners of vivid colors were a 
length of senbazuru, one thousand folded paper cranes. Senbazuru, which is many folded 
paper cranes linked together, is the offering or charm which is an enduring symbol of 
wishes for a recovery from illness and also for longevity. These colored senbazuru 
banners, appealed with gratitude citing, "We make an effort to be fine.”  

Figure 5,6; on the way to Minami Sanriku cho from Kesen cho (August 8,2012) 

The Japanese Kanji character for Engi (Luck) is found here. Sometimes, a small shrine 
is built at the entrance to a particular place, like a village, or the entrance to a mountain. 
Often, Engi marks the spot where a miracle took place. Every so often, it is used to repel 
vice or bad things. Engi can also be used as a memorial. This place became a new small 
shrine (Figure 7,8). One thousand folded paper cranes and floral tributes have been offered. 
The prayer says "Rest in Peace."  

Figure 7,8; At the Disaster Prevention Office in Minami Sanriku cho (August 8,2012) 

2.3 Tairyohbata (good catch flag) 

A revival market Isatomae Fukko market was established at the foot of a mountain in 
Minami Sanriku cho(Figure 9).  The Kanji of Fukko (revive) is the same sound as Fuku 

Figure 6Figure 5

Figure 8Figure 7
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(lucky) + ko (happy), so people like to use 
the latter kanji. Many cheerful good catch 
flags were waving with several other flags. 
The good catch flag is a lucky charm that 
wishes safety for a ship and offers a prayer 
for a big catch of fish. It is very familiar to 
the people of this region. The color red is 
believed to hold power like a talisman, and 
also represents rejoicing in Japan. There is 
also a practical use for red color in flags 
since it is easy to spot on a ship while 
sailors are at sea. 

2.4 Dashi (a kind of float with a variety decorations in festival parades) 

 There is “Fighting Spirit Star Festival" 
which originated around 900 years ago in 
K e s e n c h o , R i k u z e n t a k a t a . A t t h e 
neighboring town of Takata, "The Moving 
Star Festival" is also held every year 
nowadays. This festival takes place at the 
beginning of the Obon. Both festivals 
feature gorgeously decorated floats. People 
were able to hold the customary festival 
even though they were lacking many 
materials used prepare for the festival. Even 
though the festival decorations were only 
intended to be used once, they were 

assembled with the utmost care. This attention to detail might relate todate. Date is closely 
related to some important concepts in Japan, for example kabuku, furiu (or furyu),and 
basara.. The spirit entailed in heavily decorating something is related to the furiu concept. 
Some of the dances and floats are named using furiu. Originally furiu was considered as 
something excessive. Recordings of this in the literature increased around the late Heian 
era to Kamakura era. The Kanji characters for furiu mean amorous in ancient Chinese 
language. Such meaning is included in the interpretation about iro in Japanese. Iro 
means mainly color, or amorous. Considering the common concept as explained earlier, it 
is possible to recognize excessive decorations and dramatic color as a natural progression. 
The remaining float became a spatial landmark in the grassland (Figure.10), although it is 
hard to remember its origins. 

2.5 Persimmon 

Persimmon is one of the predominant colors of autumn. The persimmon that has 
finished ripening on a branch is called undakko in the dialect of this district. The 
pronunciation of it is similar to the sound of the word meaning, "hold the luck" in 
Japanese, though the origin of this dialect has another meaning. Therefore, this brilliant 
color seems like an edible hope. People and birds share these gifts. Before it becomes 

Figure 9: Isatomae Fukko market 
in Minami Sanriku cho (August 8,2012)

Figure 9

Figure10: Dashi, at 
Rikuzentakata (August 8,2012) Figure 10
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undakko, people pick some of them to make dried persimmons. After peeling the skin, if 
they are kept hanging outside, sugar from the fruit seeps out. Fresh persimmons worn 
smooth through exposure to natural air glitter as they reflect the gentle sunshine in late 
autumn. (figure.11,12,13,14).. 

Figure 11,12: "Undakko" in nature, 
Figure13,14: dried persimmon in field, at Rikuzentakata (December 23,2013) 

2.6 Flowers blooming on the rubble 

This disaster brought a many emotional difficulties for the people of the area. Everyone 
suffered extreme stress during the earthquake, and in the aftermath as they adjusted to a 
long period of being refugees. In such a situation, a teacher of fine arts from Hohara High 
School in Fukushima reached a sense of peace by drawing a picture. Then she started the 
project "Blooming flowers on the rubble" with her students. Though some of her students 
were not familiar with painting, everybody could make a flower bloom through their 
drawings (Figure15,16). The rubble used in this project is fragments of a collapsed 
schoolhouse. The teacher and her students gathered the pieces to be used for the paintings. 
Those "Flowers blooming on the rubble" will be placed beside the rebuilt schoolhouse in 
the near future. Sometimes they encouraged the refugees who lived in temporary housing 
by this project. Through this activity, they could exchange a smile with people here. The 
students of the project "Blooming flower on the rubble" graduated last March. 

How much did the color comfort the silent rubble? Color becomes a flower here. 

Figure 13

Figure 11

Figure 14

Figure12
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Figure 15,16; project "Blooming flower on the rubble" by students in Hobara High School 
and their teacher Atsumi Bansho, at the exhibition in Ginza, (February 23,2013) 

3. FAITH IN THE POWER OF COLOR 

On the way to Tokyo, I felt out of place, looking at the solid buildings and crowded 
houses since my eyes had experienced the ruin, the prefabricated temporary buildings or 
the containers in the disaster area. At this cityscape, the power of color seemed less 
important. What is existence of color? The evidence of contrast between an accent color 
and the natural color from the ancient era or the gray of an artifact can be related to vitality. 
There is a relationship between hare and ke. The landscape which pauses is daily life as ke 
and the tint of accent is hare as extraordinariness. When considering Japanese concepts, 
we can believe that color is related to the performing arts and entertainment. Try to take 
care with all things, realizing at the same time that there will always be change. It can be 
thought of as a kind of Japanese elegance. Variations in the festival is proof of hare. Hare 
appears with an upsurge, then disappears to become ke. 

4. CONCLUSION 

As stated above, the power of color is rooted in personal small daily beliefs. Faith in 
culture and customs is formed after understanding personal modest daily beliefs. Vitality is 
required to see color. Sensitivity to color is not only for discovery but is also a kind of 
proof of being alive. 
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ABSTRACT 
itie  are t e a itat o  t e no e ge a e  econom  itie  ro ce an  attract 

man ca ita  an  are to a  giant inter ace o  comm nication  itie  o e  t e critica  
ma  or t e ro ction an  i ion o  no e ge  inno ation an  integration o  man 
net or  ic  ena e taina e gro th. At the same time cities are the true heart of 
inno ation   e aim o  t i  a er i  to create arc itectonic inter ention  on t i  ne  citie  
or t e creation o  ace  t at a  man eing  e t com orta e a  t e  are in i e o  citie  

an  it  mo ern an  taina e ie  i  in  o  ne  citie  conce t a  to a e more 
t an on  arc itect re i ing  an  ea ti  con tr ction  e  a e to ro ce conce t  
of community for habitants and not only a networking but technologies. So this is the “bad” 
art in i e t i  t e o  ne  - i o  citie   t e ata rom t i  citie  a  to e 

incor orate in i e an en omm nit  ata  ere t e citi en  artici ate acti e  on t e 
eci ion  an  an em o ering citi en  in t e con tr ction o  a artici ator  e-society. A 

city is not only a walkable place according to Jeff Speck: ” …the author of "Walkable City: 
o  o nto n an Sa e merica  ne Ste  t  ime  a a  a  to e e  a e  

com orta e  an  intere ting i  o re going to get eo e o t o  t eir cars and into the 
sidewalks.”. A city, and the Architecture that we have inside the city has to produce 
feelings and sensations to the population. A city is not an object as a simple “fridge”. So, 
t e oc  i  on t e ic ace  an  on common area  in i e t e i ing  o  t e  
connect with each other’s is an objective and the o or  that e e  e ee an  e in  
are oint  t at e can t orget  e aim o  t i  re earc  i  to etermine ome rc itect ra  
conce t  t at can e  not on  or citie  t especially for planners and architects, their 
role, their tools and theirs strategies. The paper argues that the strategic plan applied on this 

e  Smart itie  it i  e  or t e t re taina i it  o  t e maintenance o  t e ace  
Architecture systems could produce outcomes on the techno-economic scenario analysis 
and on the socio-economic impacts. 

1. INTRODUCTION 
“Smart Cities” are part of our modern society and are strong models on our generation, 
t a  e er t ing  e a e t e o iti e ace an  t e negati e ace  it a a  e en  o  o  

spaces are used. These spaces are a reflection of the enormous technological advances 
ro i e   ear  an  ear  o  t ie  romote   t e man eing  t at in certain action  

that go e on  t e ica  arrier a o ing t e eo e to i e in a ace at t e eginning 
o  irt a  it o t or er  i e man  in ention  c ange  t e i tor  t e Smart itie  
are re ea e  a  a ten enc  or ne  generation  mar ing etermining an  creating a ne  
type of culture. At the en  at are rea  Smart itie  at are Smart itie “…Across 
t e or  t e tri e o  migration rom r ra  to r an area  i  increa ing    a o t  
er cent o  t e o ation i  e i ing in citie  an  n ia i  no e ce tion  t i  nee  
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or t e creation o  ace  t at a  man eing  e t com orta e a  t e  are in i e o  citie  

an  it  mo ern an  taina e ie  i  in  o  ne  citie  conce t a  to a e more 
t an on  arc itect re i ing  an  ea ti  con tr ction  e  a e to ro ce conce t  
of community for habitants and not only a networking but technologies. So this is the “bad” 
art in i e t i  t e o  ne  - i o  citie   t e ata rom t i  citie  a  to e 

incor orate in i e an en omm nit  ata  ere t e citi en  artici ate acti e  on t e 
eci ion  an  an em o ering citi en  in t e con tr ction o  a artici ator  e-society. A 

city is not only a walkable place according to Jeff Speck: ” …the author of "Walkable City: 
o  o nto n an Sa e merica  ne Ste  t  ime  a a  a  to e e  a e  

com orta e  an  intere ting i  o re going to get eo e o t o  t eir cars and into the 
sidewalks.”. A city, and the Architecture that we have inside the city has to produce 
feelings and sensations to the population. A city is not an object as a simple “fridge”. So, 
t e oc  i  on t e ic ace  an  on common area  in i e t e i ing  o  t e  
connect with each other’s is an objective and the o or  that e e  e ee an  e in  
are oint  t at e can t orget  e aim o  t i  re earc  i  to etermine ome rc itect ra  
conce t  t at can e  not on  or citie  t especially for planners and architects, their 
role, their tools and theirs strategies. The paper argues that the strategic plan applied on this 

e  Smart itie  it i  e  or t e t re taina i it  o  t e maintenance o  t e ace  
Architecture systems could produce outcomes on the techno-economic scenario analysis 
and on the socio-economic impacts. 

1. INTRODUCTION 
“Smart Cities” are part of our modern society and are strong models on our generation, 
t a  e er t ing  e a e t e o iti e ace an  t e negati e ace  it a a  e en  o  o  

spaces are used. These spaces are a reflection of the enormous technological advances 
ro i e   ear  an  ear  o  t ie  romote   t e man eing  t at in certain action  

that go e on  t e ica  arrier a o ing t e eo e to i e in a ace at t e eginning 
o  irt a  it o t or er  i e man  in ention  c ange  t e i tor  t e Smart itie  
are re ea e  a  a ten enc  or ne  generation  mar ing etermining an  creating a ne  
type of culture. At the en  at are rea  Smart itie  at are Smart itie “…Across 
t e or  t e tri e o  migration rom r ra  to r an area  i  increa ing    a o t  
er cent o  t e o ation i  e i ing in citie  an  n ia i  no e ce tion  t i  nee  

 

 

about 500 new cities to accommodate the influx…” according to this statement Human 
eing  are tr ing to react to t e a  o   an  eman  an  tr ing to in  a a  to e 

a e to o e a t re ro em  itie  are mo ern creation “…It is a city where 
in ormation tec no og  i  t e rinci a  in ra tr ct re an  t e a i  or ro i ing e entia  
services to residents…” The origin  can e at ome e ecia  ine “…The concept of 
mart citie  originate  at t e time en t e entire or  a  acing one o  t e or t 

economic crise  n   egan or  on marter citie  conce t a  art o  it  Smarter 
P anet initiati e   t e eginning o   t e conce t a  ca ti ate  t e imagination o  
ario  nation  acro  t e g o e…” On article of 11 November , on the 

S taina e itie o ecti e  ina ianc i e at artman  e cri e Smart itie  a  “…a 
skeptical image of a “remote-control city…”. The definition says “…A city can be 
defined as ‘smart’ when investments in human and social capital and traditiona  tran ort  
an  mo ern  comm nication in ra tr ct re e  taina e economic e e o ment 
an  a ig  a it  o  i e  it  a i e management o  nat ra  re o rce  t ro g  
participatory action and engagement…”. But Smart City means efficiency, but efficiency is 

ere t e man eing i  a o in o e  in it  e e o ment  Smart itie  are c aracteri e  
as “…Smart cities as «innovation ecosystems» could offer ample opportunities for 

taina e  er-driven «intelligent services»…”. If these spaces are e  arc itect ra  
e igne  t e  can ecome m tic t ra  area  an  ace  o  no e ge an  e e o ment 

ere t e man eing ant  to i e an  ee  it  a it  o  i e  o e er  t e economic 
pressures have led some errors in planning and management. A city cannot provide this 
feeling “…No other city in South Korea, has attracted more attention than Songdo, the 
skyscraper-intensive, apparently eco-friendly ‘smart city’ built along reclaimed waterfront 
land in Incheon, home of the country’s largest international airport called Songdo 
International City, so called because of the ‘ubiquitous’ data-gathering technology. In 
recent centuries, an  rom ’s  ic ae  ra e  an  i  conce t o  e-design cities, or 
even the city model of or ier and several authors as Paolo Portoghesi ere ig 
influences on r an e ign  o in o e a o a e een re ent a  anot er in entia  t 
more focused on the American’s city e ign  on rier  o rigo Pere  Peter Eisenman, 

anie  i e in  an  recent  orman o ter, are ma or in encer  in t e e ne  conce t  
o  Smart itie  aria ere a i otta e o e on er artic e on  ecem er  t at 
Song o i  t e ir t Smart it  in t e or  . t i  a taina e cit  reen an   o  
technology and innovation. A cit  t at contain  a entra  Par  a  re errer oint  a emi 
imitation o  entra  Par  in e  or   cit  t at has  ear  of development. o e er  
accor ing nton   o n en  in i  Smart itie  oo   “…Songdo was originally 
concei e  a  a ea on or ig ting tra e ar  t e i ea a  to entice m tinationa  to 
set up Asian operations at Songdo»… with lower taxes and less regulation…”. Really 
Song o ince it  ince tion t at intro ce  t e conce t o  a ree conomic one  an area 

it  i erent reg ation of the rest of the country, but it’s not working like that and it has a 
ot o  ro em  

2. METHOD 
This idea is a e  on ogic it  t e conce t an  t e im ementation o  reen 

Architecture and  elements t at create t e reen o or on a city - the logic o  S taina e 
r an an  nerg  i  initia  e tion ari e  a  - e tion to i enti  re on e t at i  

c aracteri e   no ing ic  co or it a  to e more re ent on the taina e e ign 
metho  to e e  n  ecem er  e ar ian   Steven Poole  said, “…The 
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truth about smart cities: ‘In the end, they will destroy democracy…” and further underlines 
also “…The smart city is, to many urban thinkers, just a buzzphrase that has outlived its 
usefulness: ‘the wrong idea pitched in the wrong way to the wrong people’. So why did that 
happen – and what’s coming in its place?...” This re earc  im ro e t e e citie  to e 
ro ecte  an  i t to a  im ro ing it  e i tence  it  taina i it  an  im ro e t e t e o  

intervention in a ne  tem  on the existing cities. There are situations that are not 
i enti ia e  a  e cri e  ain e otton[8 ”… Beautiful houses not only fail as guarantee 
o  a ine  a  can a o e acc e  o  ai ing to im ro e t e c aracter o  t o e o i e 
there …”, may not on  e t e image o  i ing  co  e cri e t e development of a city. 

er e e  ain e otton identify a reality “…We have to ask what o  e e act  
the look of beautiful building …”. gm nt a man  on his oo  r t an  ear at the 

itie  says “…submit ourselves to the limits of our faculties: we know very well that we 
i  ne er come to ominate com ete  t e nat re an  o r o  a o i  ne er e 

immorta  or a o imm ne to t e re ent e  co r e o  time   e o not a e  eca e 
anot er reme  t at i  not content it  at e i t  i  i  a in ing t at a  no rea on to 
i co rage  or rea  t e i  to i e  t rat er o  er e  enco ragement an  in e 
 energ  i e e can not com ete  e tir ate t e ain  e can  in ome cases, 

e iminate it in art an  in ot er  re ie e it  e e tion i  to no  a o t it er i t  again 
and again, without faint…”. 

2.1 Sample Preparation  
 i t o  e tion  an  analysis at e ert  i ea  connecte  it  t e Smart itie  State of 

Art create t i  ne  t e e a ation to a  in e i ting citie  an  in t re itie  

 
ig re  Song o i ing Sharp I -  na i eira – transformed image  

2.2 Experimental Procedure  
i  i ea a  a e  on inter ie  on e ert  ere ere identified o or  on Smart 

itie  and the in ence  o  co or  on Smart itie , searching for t e e t co or to a  on 
t e i ing  and state of art of the predominant colors. Experts:  arco - 

S ener  Engineering Manager – i e; S  So emain - a ic  nternational 
School - mition  irector  ra i   eo  - a ic  nternationa  Sc oo  - 

i age Sc oo  o n e or – ana a; HAN, Jisop -  e ign an  P  - irector e ign 
– South Korea; S  mma - Metroland e ia ro  - ana a-; KIM, May - 

o in  nternationa  - ea  State a i or – Korea;  a i   - a e nternationa  - 
Pro ect anager – England; Po car  i or  - reen imate o n  - irector anager 
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– India, helped to create this analysis. i erent colours ere i enti ie  n  reen a  t e 
selected color. reen i  a S taina e co or in all opinions. 

reate an orientation a i  on t e emon tration o  o  architecture on city’s can e 
c ange  accor ing to t e rea  im ortance an  action in ic  t e reen rc itect re can 
produce ig re t  in o r a  

 

  

Figure 2: Flowchart illustrating the sample process. 

With a ata a e an  t e Smart it  conce t, create a first a conclusion and a o i e 
application on a a e Study. 

3. RESULTS AND DISCUSSION  
All Populations need to e in orme  an  g i e  to preduce results from the initial 

anning o  inter ention  in i e Smart itie  The solutions pass a  e  it  improvement 
on t e com nication it  ni er a  ang age eca e citie  are not tatic are organic  
People aspect cities it  a it  an  not g o t to n  . 

 t i  conce t  it  reen rc itect re can e a ie  on  itie  it o t t e 
needing of a total demolishement. For choosing a color it’s important kno ing o  eo e 
live an  o  eo e re ate to city’s too much important. an e  [  explain   itie  
are t e ace  ere eo e meet to e c ange i ea  tra e  or im  re a  an  en o  
Themselves ... The compact city - it  e e o ment gro e  aro n  ic tran ort  

a ing  an  c c ing - is the on  en ironmenta  taina e orm o  cit  t e cit  m t 
ncrea e t e antit  an  a it  o  e - anne  ea ti  ace  e are man in ca e  

taina e  ea t  a e  an  i e   itie   e  ro i e t e tr ct re e na e  
cities to come to i e  an  to nco rage an  accommo ate i er e cti itie  rom t e iet 
an  contem ati e to t e noi  an   e man cit   reate  ea re or i itors 
and passers-  a  e  a  or tho e o i e  or  an  a  t ere e er  a   e Jan 
says: "We shape cities, And They shape us" ... " 

The reen co or i  a ance an  create o iti e ee ing  reen co or i  armon  an  
re re ment  reen co or i  ni er a  o e an  e i i ri m  t co  a e ome negati e 
ee ing  a  tagnation an  andness a  e  e reen co or i  on t e center o  t e 

spectrum, a very important concept that people doesn’t realize. A place with plenty of 
green tran mit t e ater re ence an  a nat re ee ing  History and old elements are very 
important for the live  o  man eing  an  reen ro ce t at  

S m o  in a cit  are an a tomatic man reaction  an e   a o note  t e o o ing 
  a ing  to ing  re ting  ta ing an  con er ing  n re icta i it  an  n anne  

spontaneous actions are very m c  art o  at ma e  mo ing an  ta ing in cit  pace 
such a special attraction.” 

 

o ntr  it  o or  
 

USA San Francisco rn    

o am i e Maputo amo age reen    

nter ie  State of  onc ion  
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Thailand ang o  amoi ee    

a Havana er ean e    

Argentina eno  ire  o m ia e    

Peru ima oco ate e     

erman  er in  re     

Italy Sicilia itrine    

South Korea Seoul ar  ra      

Austria ienna ee  io et    

ina Macau     

United Kingdom on on renc  i tre    

Scotland in rg  ern reen    

India e  e i ng i  e     

USA e  or  it  ectric e o  #FFFF33   

Portugal i on o mic atte    

ina ei ing on     

Italy ome ame     

Japan Tokyo Amethyst    

France Paris am agne    

Morocco Marrakech a   ait    

South Korea Songdo a et re     

Table 1. Summary of the results from the experiment. 

e reen co or represent fresh air. The color of the interior and exterior spaces are 
man in encer  a  i  ro e  Peter mt or [  a o tran mit  in i  oo  tmo ere  

[    enter t e i ing ee t e room an  - in the fraction of a second - have this feeling 
a o t it  e a e ercei e atmo ere t ro g  o r emotiona  en i i it  - a form of 
erce tion t at or  incre i  an  ic  e man  e i ent  nee  to e   r i e 
  a e no i ea  t at i  o  t it  i e t at it  arc itect re too  . Population, 

citie  go ernment  com anie  i  ene it it  t i  ne  conce t  More oxygen, more 
a it  it  a reen co or   

4. CONCLUSIONS  
All of the Smart itie  are not o o  t e origina  conce t  o  S taina e ace  it  

important to change that. or tra orme an  create a taina e cit  t e amo nt t e i  
nee e  i  er  ig  o t e irect oc  on t e o ation a  to e er  trong and 
ro cti e   Smart itie  a e to improve to maintain the po ation  eco e on  it  

this focus, the space is prepare to make and produce results to create mechanism to apply 
on ne  tec no ogies or ether to transform the Spaces in Sustaina e an  a tonoms areas. 

e reen co or  in t is case, can e applied in Songdo and in other Smart itie  in Asia 
eca e o  t e o tion  t in t e t re  ot er colors can e orting t i  i ea  or no  

t e reen i  t e o tion  
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The last ten ear  o  m  i e ere e icate  or ca emic a ori ation  it  a concluded 
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PS2-11

The Use of English Colour Terms in Big Data
imitri  S  att e  P

e rnoo  S  in a   and e i  3

 Sc oo  o  ectronic ngineering an  om ter Science  een ar  ni  o  on on
  e t  o  i i  n ironmenta   eomatic ngineering  ni er it  o ege on on

3 e t  o  om ter Science  ni er it  o ege on on

ABSTRACT
n t i  t  e e  nat ra  ang age roce ing met o  to anti  t e age o  co o r 

name  in itter an  oog e oo  
 r fir t ta  a  to retrie e t e mo t re ent ng i  co o r name  rom an on ine co o r 

naming e eriment ona   ac ona   e ana e   re on e  rom  re i ent  
o   rom ic   re orte  norma  co o r i ion  e o taine   co o r name  re on e  

 time  or more  o o r name re on e  mo t o ten ere o  a ing e or  t co  con i t o  an 
n imite  n m er o  or  n ractice  t ere a  t one a ifier c  a  ime green or  e

o e ore t e age o  co o r name  in in orma  on ine con er ation  e co ecte   
ran om t eet  rom t e itter P  e fi tere  t e t eet  tream it  t e geo ocation coor inate  
t at corre on  to a rectang e it  e ge  a ro imate  at t e e ge  o  ng an  e e c e  t eet  
in ot er ang age  t an ng i  e age  in itter are imite  to ma   c aracter  an  o ten 
con i t o  non tan ar  ng i  t at ma e  c a enging t e ta  o  or en e i am ig ation  or 
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ABSTRACT 

This study explores the use of English colour names in large datasets from informal 
Twitter messages and the well-structured corpus of Google Books. Because colour names 
in text have no directly associated chromatic stimuli, the corresponding colour categories 
of colour words was assessed from responses in an online colour naming experiment. A 
comparison of the frequency in the three datasets revealed that the mapping of colour 
names to perceptually uniform colour spaces does not reflect natural language colour 
distributions. 

1. INTRODUCTION 

Colour plays a central role in visual perception and can be a powerful tool to differentiate 
emotions, ideas and identities. We are able to see millions of different colours but we tend 
to organise them into a smaller set of colour categories and give them names such as 
yellow, peach or sky blue. There is a growing interest in the language of colour, and over 
recent years colour naming models have been used for gamut mapping (Motomura, 1997), 
image processing (Moroney et al., 2008) and colour selection (Heer & Stone, 2012). 

In this paper we explore natural language processing and data visualisation methods for 
understanding the use of colour names by analysing a large pool data from Twitter and 
Google Books. Because colours in language have no direct reference to chromatic stimuli, 
we accessed the associated colour categories of each colour name from the responses of 
hundreds of participants in an online colour naming experiment (Mylonas & MacDonald, 
2010).  

Twitter is an open micro-blogging platform that allows millions of users around the 
world to broadcast and receive in real time short messages, known as tweets, of up to 140 
characters long. Twitter’s conversations are public by default and organised by 
community-driven practices.  This provides researchers with the opportunity to analyse 
multilingual everyday conversations outside of formal institutional environments. 

In 2001, Google created a large corpus of n-grams based on ~4% of all books ever 
published. N-grams refer to the sequence of n words found in all digitized books. The first 
edition of the corpus consisted of over 500 billion words published between 1500 and 2000 
in English, French, Spanish, German, Chinese, Russian and Hebrew (Michel et al. 2011). 
A new edition of the corpus provides syntactically annotated n-grams and their counts with 
part-of-speech (POS) tags from over 6% of all books ever published in 8 languages (Lin et 
al. 2012). POS taggers classify words as nouns, verbs and adjectives, etc. and provide an 
instructive form of word-category disambiguation in a given context. 

An online colour naming experiment (Available at: http://colournaming.com) was 
designed to collect broad sets of multilingual colour names with their corresponding colour 
ranges in sRGB and Munsell specifications. Over the past seven years (2008-2015) the 
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server has gathered responses from thousands of participants in fourteen languages: 
English, Greek, Spanish, German, Catalan, Italian, simplified and traditional Chinese, 
French, Korean, Danish, Lithuanian, Thai and Portuguese. The server also gathered the 
response time for each colour name and associated metadata regarding the cultural 
background, colour deficiency, hardware/software components and viewing conditions of 
the participants (Mylonas & MacDonald, 2010). 

The Munsell system is the most widely used apparatus in colour naming research, 
despite its limitations, as it provides a pragmatic colour space to map colour names to 
perceptual colour coordinates. The system divides the colour space evenly into five 
primary hues (yellow, red, blue, purple and green) and five intermediate hues. Purple was 
included as a primary because there are about twice as many perceptible hue steps between 
blue and red as between red and yellow, or yellow and green, or green and blue (although 
in nature we might find relatively fewer purple colours). A renotation was carried out 
(Newhall et al., 1943) with the objective to represent perceptually uniform hue, saturation 
and lightness spacing based on the principle of the Just Noticeable Difference (JND). The 
Munsell colours do not represent typical naturally occurring colours as their pigment 
spectra are smoothed in comparison to naturally occurring spectra and while it covers all 
the most important regions of colour space, some areas are not well represented 
(Buchsbaum & Bloch, 2002).  

Considering that colour coding may reflect the colours available in our environment, 
previous studies have focused on uniform colour spaces and image statistics of natural 
scenes (McDermott & Webster, 2012). In the present study we asked instead whether 
colour language is efficiently represented in perceptual colour spaces and examined 
whether the statistics of colour in written language follow the distribution of colour names 
mapped to an approximately uniform colour space in an online colour naming experiment.  

2. METHOD 
We analysed 10,000 responses in the online colour naming experiment from 500 UK-
resident English speakers, of which 90.3% reported normal colour vision. Colour name 
responses most often were of a single word (monolexemic) but could consist of an 
unlimited number of words. We identified the most frequent 50 monolexemic colour terms 
responded 20 times or more in responses from non-deficient observers over the age of 16. 
To access the associated colour categories of each colour name we retrieved all colour 
samples given the same name. 

To explore the usage of colour names in informal, online conversations, we took the 50 
most frequent monolexemic colour terms from experiment responses, and measured their 
probability in 1,036,103 random tweets from the Twitter API. We filtered Twitter’s public 
stream with the geo-location coordinates of [-5.4,50.1,1.7,55.8] that correspond to a 
rectangle with edges approximately at the edges of Britain. We excluded tweets in other 
languages than English {‘lang’:’en’}. Each tweet was tokenised into unigrams using the 
Natural Language Toolkit (Bird et al., 2009) and typographical conventions were removed 
resulting in 129,355,280 tokens. 

Messages in Twitter are limited to max 140 characters and often consist of non-standard 
English that makes the task of word-category disambiguation challenging. For example, it 
is difficult to determine whether the word orange is being used metonymically as an 
adjective to describe the colour of an object, like an orange table, or is being used literally 
to describe a type of citrus fruit. To investigate the use of colour names in context and 
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disambiguate their syntactic role, we also counted the probability of the 50 most frequent 
monolexemic colour terms from experiment responses in the syntactically annotated 
Google Books corpus of all digitised English books between 1500-2000. The frequency of 
occurrence of each unigram was counted by dividing the number of instances of each 
unigram in the given years by the total number of tokens (n=468,491,999,592) in the 
corpus for the same years (Lin et al., 2012). 

2.1 Sample Preparation 

The 600 total test samples in the colour naming experiment were specified in the sRGB 
colour space and selected from the Munsell Renotation Data (Newhall et al., 1943). The 
original dataset consisted of 2729 colour samples specified in CIE xyY colour space and 
viewed against a neutral grey background under illuminant C. Since achromatic colours 
were not included, nine neutral samples, one for each Munsell Value and a White and a 
Black sample at the extremes of the sRGB cube were added. Colour samples lying outside 
the sRGB gamut were discarded. Given the cylindrical coordinate system, the sub-
sampling of the remaining in-gamut colour samples followed a similar approach to the 
advice of Billmeyer to Sturges & Whitfield (1995), namely to equalize the perceptual 
distances between samples (Mylonas & MacDonald, 2010).  

2.2 Experimental Procedure 

The procedure in the online colour naming experiment consists of six steps (Figure 1). First, 
we ask the observers to adjust his or her display to sRGB settings, and the brightness in 
order to make visible all twenty-one steps of a grey scale ramp. In the second step the 
participant answers questions relating to the lighting conditions, the environment and 
properties of the display. Then, in the third step, the participant is screened for possible 
colour deficiencies with a simple web-based Dynamic Colour Vision Test developed at the 
City University London (Barbur 2004). The fourth and main part is the unconstrained 
colour-naming task: any colour descriptor, either a single word, or a compound, or 
terms(s) with modifiers can be entered to describe each of twenty samples presented in 
sequence and randomly selected from the 600 in total samples. Along with the colour name 
typed on a keyboard, the response times (RTs) of onset of typing are recorded, defined as 
the interval between presentation of the colour stimulus and the first keystroke. In the fifth 
step we collect information about the participant’s residency, nationality, language 
proficiency, educational level, age, gender and colour experience. In the last step we 
provide the participant with a summary of the responses. 

 
Figure 1: Flowchart of the experimental procedure (Available at: http://colornaming.com) 
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3. RESULTS AND DISCUSSION 

The probability of the most frequent monolexemic colour terms from experiment responses 
in Twitter messages is shown in Figure 2. For clarity, we have chosen a cut-off of 30 most 
frequent terms in Twitter given that non-expert observers are able to identify 30 colour 
names in their native language without training (Derefeldt & Swartling, 1995). Black and 
white were the most frequent colour terms followed by red, cream and blue. Yellow was 
found in the 9th position while indigo and teal were ranked at the bottom of the list. The 
absence of context in this approach produced an issue of word-category disambiguation. 
For example, we were not able to disambiguate whether cream, orange and salmon were 
used as nouns or as adjectives. In Twitter messages this is a particularly challenging 
problem as the character limit and conventions of text communication forces users to 
compress more information into fewer characters without conventional use of grammar 
and syntax. For well-structured corpora such as books and articles, POS taggers achieve 
higher accuracy. 

 
Figure 2. Top 30 most frequent colour terms in ~1 million Twitter conversations 

Figure 3 shows the probability of the 30 most frequent English colour terms used as 
adjectives in the syntactically annotated Google Ngrams Corpus from the 50 most frequent 
monolexemic colour terms from experiment responses. White, brown and red were the 
most frequent colour terms followed by blue, black, green and yellow. The least frequent 
terms were khaki, turquoise and maroon. 

 
Figure 3. Top 30 most frequent English colour terms used as adjectives in Google books 

Ngrams between 1500-2000. 
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We retrieved the 30 most frequent colour terms with the highest average rank across 
Twitter and Google Books (white, black, red, blue, brown, green, cream, yellow, orange, 
grey, pink, purple, lime, olive, salmon, mustard, peach, coral, violet, plum, lavender, lilac, 
aqua, indigo, maroon, teal, turquoise, burgundy, aubergine and beige) and obtained all 
colour samples given the same name by hundreds of participants in the online colour 
naming experiment.  

Figure 4 shows these colour categories by the size and their associated colour names. 
Purple was the largest colour category in the experiment followed by blue and pink. Lilac 
and turquoise were found in the 6th and 7th positions respectively. The colour categories 
with the smallest size were coral, cream and lime. 

Comparing the distributions of colour names in the three datasets shows that while 
white was the most frequent colour term in Google Books and second in Twitter, in the 
online experiment it was found in the 26th position. Purple on the other hand was the 
largest category in the online experiment while in Twitter was the 12th and in Google 
Books the 9th most popular colour term. Red was found in the 3rd position in both Twitter 
and Google Books but in the experimental dataset was found in the 12th position.  

 

Figure 4. Treemap associated with the size of colour categories in the online colour 
naming experiment: (left) colour samples of each colour name; (right) colour name. 

4. CONCLUSIONS 

In this study we have presented the use of colour names in Twitter messages and Google 
Books and we visualised their associated colour categories using responses from an online 
colour naming experiment. The comparison of the colour distributions in the three datasets 
revealed that the mapping of colour names to perceptually uniform colour coordinates does 
not reflect natural language colour distributions. Future plans include the examination of 
the geometry of lexical colour spaces. 
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ABSTRACT
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e r o e o  t i  a er a  to ro o e a colour-universal-design aiding tool to 

im ro e t e e igner  no e ge o  ic romat  con ion co o r  e e e o e  a game 
ic  a er  can earn t e con ion co o r  in or er to im ro e t e no e ge o  

ic romat  con ion co o r  

2. DEVELOPMENT OF A GAME

2.1 The Conception of the Game 
The conception of this game is that t e a er  no e ge o  ic romat  con ion 
colours is empirically im ro e   a ing t e game  ere are t o a roac e  to 
accomplish the education of colour universal design for designers. One is the approach of 
ma ing a e igner earn t e co o r com ination  that dichromats can discriminate. Using 
t e co o r com ination earne  t e co o r e ign o  e a ni er a  e ign  or 
example, the colour pallet for universal e ign recommen e   a an Paint an act re  

ociation to  i  a e  on t i  i ea  e ot er a roac  i  or a e igner to earn 
t e t ica  con ion co o r com ination  o  dichromats. Namely, he/she learns colour 
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A Proposal of a Colour Universal Design Game for 
Learning Dichromats' Confusion Colours 

Shigehito S  S o i S
ra ate Sc oo  o  ance  ntegration Science  i a ni er it

 ac t  o  e ign   ni er it  

ABSTRACT
e ro ct  a e  on t e i ea o  co o r ni er a  e ign a e rea   e e o ment o  

check tools for colour universal design in Japan  ne o  t e ne t i e  i  o  to e cate 
colour universal design to a designer. We developed a game for learning the confusion-
co o r com ination  o  ic romat  n t i  a er  e intro ce a e e o ment roce  o  
the game and some comments to the game from game players. 

1. INTRODUCTION 
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an  co o r com ination  t at are ca e  con ion co o r  ec i an  Sti e  
Therefore, colour vision defectives cannot recei e in ormation e ine   t e con ion 
colours in visual media or on visual displays   co o r ni er a  e ign a  een ro o e  
again t c  a ic romat  i a antage   a ic i ea o  co o r ni er a  e ign i  to 
a oi  ing c  ic romat  con ion co o r com ination  Some co o r ni er a

e ign ai ing too  or e am e ariantor i a a a  no c i  a  S inomori  an  
a a c i  an  i c ec  o g ert  an  a e  a e een e e o e  recent  
o e er  t e ro e o  t e e too  i  to c ec  et er con ion co o r  are eing e   
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ociation to  i  a e  on t i  i ea  e ot er a roac  i  or a e igner to earn 
t e t ica  con ion co o r com ination  o  dichromats. Namely, he/she learns colour 

com ination  t at o  not e e  or co o r ni er a  e ign  rrent  it i  not c ear 
ic  a roac  i  etter  

e a o te  t e atter a roac  eca e e a e t o g t t at t e atter a roac  o  
ie  a e igner t e e tion et er t e con ion co o r com ination  are eing e  in 
i a  i a  ene er e e oo  at t em  

2.2 The Features of the Game 
It is the most important point of the game t at a a er a  t e game re ent  

ere ore  e ga e t e o o ing eat re  to t e game  
The rule of the game is very simple. 

ne game ini e  it in  min te  at onge t   
e game a  contingenc  o t at t e a er o  not get ore  it  
e game can r n on a mart one or a ta et terminal so that the player can play it 

an time an ere  
e c o e an i S rogramming it  co e on ac S  a  a at orm o  t e game 

e e o ment an  e e o e  t e game g e ing t e con ion co o r com ination   

2.3 Calculation of Confusion-Colours Combinations 
e con ion co o r com ination  ere ca c ate  in t e S co o r ace e ine   

t e cone n amenta  ro o e   Smit  an  Po orn   ig t co o r  ere 
randomly chosen in the parallelepiped define   t e gam t o  a co o r i a  e  

rimarie  an  t e gamma c aracteri tic o  t e  tan ar  ere a ie  to t o e o  t e 
colour display, respectively. A confusion colour aire  to eac  o  t e eig t co o r  a  
ran om  etermine   i ting to t e irection paralleled to the missing fundamental 
a i  in t e ara e e i e  n e am e in t e ca e o  t e Protan  i  o n in ig re  

Figure 1: Method of determining the 
paired confusion colours. 
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3. HOW TO ENJOY THE GAME
e game creen i  o n in ig re  e creen con i te  o  a Segmente  ontro  an  

sixteen colour patches. Sixteen colour patches constitute eight pairs of the confusion 
co o r  a  mentione  in Section  o  to a  the game and the rule of the game are as 
o o  

A player selects one type of dichromacy to earn rom t e Segmente  ontro :
Protan  e tan  an  ritan

 ig t con ion co o r air  o  t e elected dichromacy are computed. Sixteen 
colour patches consisting of eight pairs are ran om  a igne  to a o r o r 
arrangement and are displayed. 

 e a er c oo e  t o co o r atc e  t at are g e e  to e a con ion co o r air 
 ta ing  

   t e c o en t o co o r atc e  are a con ion co o r air  t e a er i  get  
oint an  can mo e to a ne t c oice  t er i e t e game i  e o er  

e e ect t at t e game a er  no e ge o  ic romat  con ion co o r  o  e 
em irica  im ro e   re etition o  t e game a  

 4. COMMENTS TO THE GAME 
We got some comments from the game player  o ere t ent  at school of design, 

 ni er it  e  ere intere te  in t e game g e ing t e con ion co o r air  
mo t t e comment  ere t at it a  i icult to choose the confusion-colour pairs 

it o t an  no e ge o  ic romat  con ion colours. Therefore, other supplementary 

Figure 2: The game screen. 

Segmented Control: 
The player selects one type 

of dichromacy from “Protan”, 

“Deutan”, and “Tritan”. 

Sixteen colour patches that 

constitute eight pairs of the 

confusion colours.  

The player taps two colour

patches that seem to be a 

confusion-colour pair. 
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Sixteen colour patches that 

constitute eight pairs of the 

confusion colours.  

The player taps two colour

patches that seem to be a 
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materia  ma  e re ire  or t e a er in or er to ro i e a a ic no e ge o  
ic romat  con ion co o r  rt er  e en i  t e  a e ome no e ge o  t o e  it a  
ar  or t em to com ete t e game en imi ar con ion co o r  air  ere i a e  
t ma  e nece ar  to a  a con traint on the random colour-choice algorithm in order to 

avoid displaying similar confusion-colours pairs. 

5. CONCLUSIONS 
e e e o e  a game or e igner  to im ro e t e no e ge o  ic romat  con ion 

co o r  n t i  a er  e a e e cri ed the development process of the game and 
a er  comment  to t e game  o e er  e a e not e amine  a i it  o  t e game in 

earning t e con ion co o r com ination  et  e i  e amine et er t e game 
a er  no e ge o  ic romat  con ion co o r  i  e em irica  im ro e   

playing the game in the future study.
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PS2-13

Colour Management: Managing the Intuitive Issue, the Gamut Issue 
and the Engagement Issue.

P i   an  Ste en S
Sc oo  o  e ign  ni er it  o  ee

ABSTRACT
r or  i  concerne  it  t e e ign o  co o r ic er too  an  t e e a ation o  er

e erience  ree c a enge  are i entifie  t e gam t i e  t e int iti e i e an  t e engagement 
issue. The gamut issue is that the display presents colours that are outside the gamut of the printer 
an  not re ro ci e  e int iti e i e i  t at co o r e ection too  are genera  a e  on a iti e 
co o r mi ing erea  er  can more ea i  n er tan  a too  a e  on tracti e co o r mi ing  

e engagement i e i  t at t e oc  on ea e o e in contem orar  arrangement  i  a ro em 
rat er t an a ene it  con er e  an arrangement t at e  orce  er engagement o  e  to 
o ercome ro ematic a m tion  t at t e er ma  a e  o ecti e  t e e i e  re ent  re t 
in con ion an  er i ati action  P c o ica  t ie  a e een carrie  o t in ot  a orator  
an  e ign t io etting  t a  o n t at er  etter re ict t e re t  rom tracti e co o r
mi ing t an rom a iti e co o r mi ing  t a  a o o n t at co o r e ection too  a e  on 

tracti e mi ing er orm etter t an t o e a e  on a iti e mi ing  t i  a o conc e  t at er  
are ra n to at rate  co o r  an  i  re ente  it  t e e i  ten  to e ect t em it o t e en 
t in ing a o t t e con e ence  an  t at t e a  contem orar  inter ace  are e igne  enco rage  

nctiona fi e ne  oing not ing to c a enge t e er to t in  a o t gam t  i e  e g  et een 
i a  an  rint  r re earc  in ing  are e  to n er in t e e e o ment o  a ne  P oto o  

P g in o o r imi  e o t are eat re  are e cri e  an  t e ene it  o  t e o t are are 
e aine  in term  o  e e ta i e   rinci e  e fina  o tcome o  t i  re earc  i  a co o r
creation o t are t at incor orate  a ni e inter ace an  ro i e  an a ternati e er centre  a roac  
to managing digital colour.

 

Colo r Manage en  Managing e In i ive I e  e 
Ga  I e and e Engage en  I e.  

 
Phil  HENRY,1 Stephen  WESTLAND,1   
1 School of Design, University of Leeds 

 

A STRACT 
This research directly challenges the established and continued practice to implement 
colour-picker arrangements that are underpinned by colour science principles. Computer 
Aided Design software has evolved to empathetically resolve familiar real-world design 
challenges, whilst colour selection interfaces are predominantly governed by unfamiliar 
technical colour-spaces and additive colour behaviour (the intuitive issue). Importantly, the 
work confronts the current norm where colour-picker arrangements offer a user little insight 
into the potential colour difference between the various hardware components until hard 
copy proofs are produced (the gamut issue). Perhaps, more problematical still is the less 
obvious issue relating to an interface design strategy that allows users to easily select colour 
from the full monitor gamut (the engagement issue). The consequence of presenting 
exaggerated, yet easily accessed colour choice, in a technologically enhanced workflow can 
seemingly lead users to confidently select colours with little reflection on their tacit colour 
knowledge. This workflow can effectively negate inherent colour aptitudes which in the 
case of designers is likely based on paint and more naturally aligned to printer capabilities.  

1. INTRODUCTION 
The important concept that underpins this investigation is the hypothesis that creative 
digital colour users will benefit from a colour–picker interface that is designed to be 
consistent with their intuitive colour knowledge i.e. subtractive colour (Henry et al., 2013; 
Henry, 2013). This notion is seen to have particular significance for problematic digital 
colour tasks where the creative objective is to achieve an acceptable colour-match between 
the monitor display and colour printer. Such colour-sensitive objectives are often a creative 
requirement in the colour critical industries of fashion, textiles and graphic design. Hard 
copy proofs (colour-printouts) are regularly used as an integral part of the design 
development process, being central to effective in-house discussion, customer approval or 
in some cases as contractually binding manufacturing standards. Equally important is the 
understanding that this work doses not seek to invalidate technical colour management 
protocols but rather shares the views of other researchers in the observation that design 
communities working in colour critical environments often struggle to effectively apply 
ridged colour management workflows in a fluid and ever evolving design context (O’Neill 
et al., 2008; Hirschler, 2010). A note worthy observation supported anecdotally in both 
industry and education contexts is the relationship between increased expectations in colour 
fidelity in direct relation to any increased investment in technical colour engagement. 
Subsequently, any disappointing results often lead to mistrust in the quality/capabilities of 
hardware, software or even user proficiency.   
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. SUMMAR  OF E PERIMENTAL OR  
 

.1 T e In i ive I e  
In the initial work the ability of users to predict colour mixtures in additive and subtractive 
systems was tested (the intuitive issue); it was shown that users can better predict the results 
from subtractive systems and it was assumed that experience with physical colorant system 
(e.g. paints) during childhood may be where the knowledge required is gained. This finding 
led to the hypothesis that a colour-picker tool based on subtractive colour mixing might be 
better, or more intuitive, than one based on R  additive colour mixing. A series of 
experiments were conduced by which the accuracy of a colour match (where a participant 
tries to match or select a colour to match a given target) was assessed for a tool based on 
subtractive C Y primaries and compared with one based on additive R  primaries. The 
subtractive C Y tool did, in fact, give better performance. However, most contemporary 
software presents a colour-selection environment rather than a colour-mixing environment; 
that is a colour map, for example, rather than R  sliders. Therefore the new subtractive 
C Y tool was also tested against more contemporary solutions, (Figure 1.), and, in some 
circumstances, was shown to still give a better performance. The new subtractive tool works 
well when it has been explained to users (in terms of paint-mixing) whereas a similar 
explanation for the additive tool is unsuccessful.  

 

 
Figure 1: Examples of experimental colour-picker tools, a CMY slider bar (left) consistent 
with the experimental paradigm and an HCL arrangement (right) modelled on standard 

configurations. 
 

.  T e Ga  I e  
urther work explored more challenging cross-media colour matching scenarios questioning 

why users tend to select very bright and saturated colours on screen (i.e. the gamut issue). 
Several conclusions were arrived at  (1) firstly, users are drawn to saturated colour and if 
presented with these will tend to select them (without even thinking about the 
consequences); (2) secondly, users tend to remember colours as being brighter and more 
saturated than they were (Figure 2.); (3) thirdly, the way in which the interface is designed 
encourages functional-fixedness (Dunker, 1 ) and does nothing to challenge the user to 
think about the differences in gamuts, for example, between display and print. 
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Figure 2: CIELAB coordinates (a* and b*) (L* and C*) of one of the six targets (black 
circle) and the matches made by the observers on-screen (blue X) and in print (red X)

.  T e Engage en  I e  
Previous studies of user colour-interface experience focuses their assessments on ease-of-
use; how easily the participants could excel in basic colour-matching tasks when using 
different colour-picker arrangements. However, more current HCI (Human Computer 
Interaction) thinking has identified reservations with regards to interface strategies centred 
on ease-of-use preferring interfaces that exhibit aspects of possibilities-in-action. An 
underpinning and distinguishing quality of our colour-picker tool is the opportunity for a 
user to engage-in-use and connect with their existing colour knowledge, as well as gain an 
improved understanding regarding the nature of the digital colour challenges they are 
dealing with and use their skills and knowledge to make well-informed decisions. This new 
strategy is counter to existing colour selection strategies that seemingly encourage poor 
colour choice by presenting colour options that are not compatible with printing and only 
provide users with a relatively passive role in accepting colour outcomes governed by often 
concealed colour management infrastructures (i.e. the engagement issue).  
 

 
 

Figure 3: Illustrates views of the initial characterisation/colour matching exercise which 
introduces user to the gamut issue and the colour mixing interface which mimics 

subtractive/paint mixing   
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. DISCUSSION  
The results of this work challenge the established colour science convention suggesting 
that colour management methods are the most viable answer to tackling colour fidelity 
issues prevalent in many design industries, notably Textiles, ashion and raphics.  
Unquestionably, existing colour management does offer effective solutions providing the 
technical structures are correctly implemented and the practical constraints understood. 
However, a key criticism highlighted on all existing workflows is a procedure that allows 
users to make contextually poor colour decisions based on the colour information and 
options presented by the majority of colour-picker arrangements. Why, in the first instance, 
mislead the design expert with exaggerated colour options, then expect that any required 
compromises in creativity will be adequately resolved by colour science proficiency    

        

 CONCLUSIONS 
The final outcome of this research project is fully functional colour-creation software 
Colour imix; it is developed as colouring tool for designers providing the means to create 
original palettes reproducible within the colour-space of a selected printer, ink set and 
substrate combination. This is achieved without the need for expensive and complicated 
colour management hardware or software; as an alternative the designer is in control from 
the outset using their colour judgment to set up the colour-picker tool to display only 
printable colour selections on the monitor screen. The software incorporates a unique 
intuitive interface and provides an alternative user-centred approach to managing digital 
colour. ore detailed information regarding the software can be found at 
www.Colour imix.co.uk and https //creative.adobe.com/addons.  
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Suggestion for Teaching Natural Colors through Investigation and 
Analysis of Current Color Education for Children in Korea

SHIN Sangeun,  S eran   Saet  an  KIM Yoosun
Sa m oo  n ironmnenta  reen e ign e earc  n tit te

ABSTRACT
ontem orar  eo e e erience co or  in ario  orm  in i e an  t  re ire ro e iona  

color education. As color education has greater effects on children than adults, it is significant. 
ccor ing to t e re t  o  r e  an  inter ie  targeting ear  c i oo  teac er  o  ri 
rric m or i ren  ic  i  t e common name or orean ear  c i oo  c rric m  or  

to ear o  orean co or e cation or c i ren i  i ic t en in tr cting art acti itie  ince 
teac er  are not ro e iona  an  materia  are artificia  co or  n a ition  co or i  recogni e  a  an 
im ortant e ement in art acti itie  or c i ren  t a e ate co or e cation an  acti itie  or c i ren 
eem to e in ficient  ere ore  it i  nece ar  to en o  t e roce  o  co or training i  con cte  in 

ear  c i oo  e cation  art  acti itie  it in t e ro o e  acti itie  an  a ariet  o  co or  to irect 
a nat ra  conc ion to t e a t co or o  e c e t e artificia  co or  gge t a irection to e an  t e 
ari  ro ction an  art acti itie  reac e  n t i  t  e ro o e a o i e nat ra  co or c eme 

used in ecological education kindergarten curriculum that is the issue in Korea during early childhood 
to re ent it in e t  o  co or teac ing met o  t ro g  inter ie  it  re ate  ication  

orean co or e cation or c i ren in o e  man  acti itie  a e  on t e ea on an  nat ra  
o ect  t it oe  not em a i e nat ra  co or  ence  t i  re earc  gge t  t e o o ing  conce t  
o  t e co or tem  S orean in tria  tan ar  tan ar  co or  ita e or co or e cation  
activities using KS standard colors, natural color-oriented activities, use of the natural color palette 
or c i ren  co or management conce t  an  o er ation o  co or c ange  o  nat ra  o ect  c  a  

tree  an  o er   a ing c roma an  rig tne  ro g  increa e  n er tan ing o  t e nat re o  
color hues infant education and activities in Korea are expected to lead to continued interest in color 
education and research.
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ABSTRACT 
Modern people e erience co or in ario  a  an  t  o  a e icient co or 
e cation  ecia  co or e cation i  im ortant or c i ren  o are more a ecte   
co or  t an a t  o e er  it i  i ic t to teac  art ince co or e cation or c i ren in 

orea i  ta g t  non-experts and consists of artificial colors, according to the results of a 
r e  inter ie ing teac er  o  t e ri rric m or children aged 3-  ear . Moreover, 

there is a lack of appropriate color education for children, and color is recognized as an 
im ortant art acti it  n t i  t  e gge t t at Forest Experience Education as a 
met o  o  co or e cation or c i ren a e  on t e iterat re an  inter ie  ing 

a itati e ana i  rrent co or e cation or c i ren in Korea utilizes parts of the 
Forest Experience Education curriculum t oe  not oc  on nat ra  co or  or co or e  
e en t o g  t ere i  a en e o  ea on  an  man  e erience  o  nat ra  o ect  ence  e 
have developed guidelines on color activities for children involving color theory, sense, 

tem  etc  im ementation o  a ic co or t eor   ear  c i oo  teac er  an  
gge tion  or nat ra  co or e cation a e  on tan ar  co or  S  ere ore  co or 

education for children in Korea can upgrade the understanding of natural colors, and 
activities are expected to continue interest in color education. 

1. INTRODUCTION 

1.1 Background of Study and Purpose 
o or e cation or mo ern eo e i  eing gra a  recogni e  a  e  Pro e iona  

color e cation i  e ecti e in ti i ing co or  an  o  e tarte  ring in anc  t i  
o i e to no  t e mentione  content  ic  t  t e re ation i  et een t e c i  

inte igence an  t e a i it  o  t e co or e  tate  o en e  o i  t e art educationalist, 
t e c i ren a e e ig  inte igent an  re t ario  o  co or a ication a  t e 
tendency of the reference on the art is high, they live in the good educational environment 
for art, and the more children learn the art education. In ot er or  ae t etic en i i it  o  
c i ren i  a ecte   t eir rece ing e cation   art e cator  i torian  an  
psychologists should concentrate on art activities during childhood. For example, Paul Klee 

o i  an arti t in erman  a  e erience it  t e i a  art  rom c i oo  an  i  
artistic instincts consolidate music and the visual arts. There are positive effects of color 
e cation or c i ren a ter ecoming an a t  o e er  c rrent co or e cation or 
c i ren ri rric m  is not motivating and tends to concentrate on step- -step 
skills.  
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1.2 Theoretical Study 
The various activity progresses along the vitalization of the recent forest experience 
e cation  it ten  to tart in in anc  i  i  a e to no  irect  or in irectly to search 
the advance of program on the various forest experience education, the foundation of 
Forest kindergarten, and the management.  

Practically, early childhood education focuses on the seasons and experience of natural 
o ect  ir t  or ea on  a  it i  connecte  it  t e acti it  o  t e ect i  e ee t e 
acti it  o  t e re ate  nat re inc e  t e in tr ction o  ri rric m or teac er  e 
comment concentrate  on t e ect o  anima  ant  an  nat re  it ten  to e 
concentrate  on t e content  aro n  t e ect  e ecia  t e content  o  t e ea on  

en ing nat ra  o ect  it roce  ario  a  t e er  e ecti e acti it  in t e 
en ironment o  cit  ic  i  not eno g  to meet t e nat re  a  t e acti it  e ing t e 

eakness  processing rapidly due to the future of the change of environment and the feature 
o  ocation  ecent co or e cation or c i ren i  a e  on ore t erience cation  

ic  i  recogni e  a  arti tic e cation or c i ren  n ore t erience Education, all 
o  nat re ecome  a a gro n  i e ing t e ore t or t e e cation ace regar e  
o  t e ea on an  eat er  t e r o e i   t at earning t e armonio  re ation i  
et een man an  nat re rom c i oo  accor ing to t e rea on o  t e e -rounded 
e e o ment  an  t ere i   to e e o  t e o  an  menta  or c i ren armonio  

ere are o icia  organi ation  or ore t in ergarten  in erman  an  enmar  t in a 
state of developing the plan of the program and   the invention of the forest kindergarten    
in orea  or t i  rea on  co or e cation or c i ren o  e a e  on t e ea on  t e 
acti it  o  ect  an  ore t e erience e cation  it i  t e ac  o  connection an  not 
concentrates on the nature color and the color activity. 

man  attain t e eriorit  o er reaction o  e  a t ent  t o-month-o  a  t 
do superiority over reaction of color from a four-year-old, transition period around a five-
year-old is confused the reaction of type and color, and reaction of type attain supervisory 
o er t e reaction o  t e aro n  a nine ear  o  i ren re on  more en iti e  to 
co or t an a e   e t ie  c i ren recei ing ri c rric m age  -  ear  o 
attended a daycare center and kindergarten from  ini tr  o  cation  to e amine 
the current conditions of color education for children in Korea. 

2. METHOD 

2.1 Research Object 
man  attain t e eriorit  o er reaction o  e  a t ent  t o-month-o  a  t 

do superiority over reaction of color from a four-year-old, transition period around a five-
year-old is confused the reaction of type and color, and reaction of type attain supervisory 
o er t e reaction o  t e aro n  a nine ear  o  i ren re on  more en iti e  to 
color than sha e   e t ie  c i ren recei ing ri c rric m age  -  ear  o 
atten e  a a care center an  in ergarten rom  ini tr  o  cation  to e amine 
the current conditions of color education for children in Korea. 
 

2.2 Research Method 
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 antitati e t  

e met o  o  t  i  a  o  o r e  t e re ent con ition o  co or e cation or 
c i ren re ate  to ri c rric m  e t ie  an  c a i ie  t ree artic e  on t e re ent 
conditions of color education, present conditions of color activity, and satisfaction of color 
acti itie  t ro g  a r e  an  inter ie  o   ro e iona  ear  c i oo  teac er  in 
Seo  an  o ng-gi. 

 

 ualitative study 

a e  on t e re t  o  t e a itati e t  e inter ie e  ear  c i oo  teachers and 
in e tigate  re ate  oo  an  t e e  

3. RESULTS AND DISCUSSION 

3.1 Results of quantitative Study 
ig re  o  t e an er  to t e r e  e tion o  im ortant i  it to e a teac ing 

ai  re ate  to art acti itie  or c i ren  ent -nine an ere  t at it i  im ortant to a  
art activities for children. Four people answered ‘yes’, 12 people said ‘somewhat’, and 
seven people answered ‘no’. Regarding the question ‘Have you ever experienced 
difficulties in making teaching aids or lack understanding of color?’, 40% answered that 
t e  ac e  in ormation a  t e ma orit  an  ac  no e ge o  e i ting co or acti itie  an  
teaching aids, and lack knowledge of the question ‘If you have difficulties in making 
teaching aids or lack understanding of color, what is the reason?’ Importance of color is 
recogni e   ro e iona  ear  c i oo  teac er  to teac  t e c i ren  t e ita e co or 
education for children and the contents of activities among the art activities for the children 
are lack. 

                                  

Figure 1:Art activities from children&Importance of color. 

Figure 2. Difficult experience of the art activity/teaching aids according to the lack of 
understanding 
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Figure 3:The cause of difficult experience of the art activity/teaching aids according to the 
lack of understanding  

e in e tigate  co or e cation or ro e iona  ear  c i oo  teac er  a  e  a  oo  
and teaching aids for art activities for children regarding the question question ‘If you have 
difficulties in making teaching aids or lack understanding of color, what is the reason?’ to 
search "the lack of information on the related field" and "the lack of the existing activities 
for color and the variety of teaching aid" to take first ranking and second, respectively. In 
t e r e  an o er e ming  ma orit  o   eo e among  an ere  no  o t co or 
education is experienced at university, and total time to compete the course takes an 
a erage o   o r   

Finally, "non-arti icia  co or  i    t e ig  rate an  o o  t e ae t etic a e  
inexpensive price, etc  regar ing t e art te t oo  an  teac ing ai  to im ro e. Art 
acti itie  or c i ren an  e cation are im ortant t em e e  a e  on an in-depth 
inter ie  it  ear  c i oo  teac er  e ce t t e r e  t ere a  t e it ation not to 
recommend high- a it  co or acti it  or c i ren e to t e n er tan ing on t e co or 
ie  an  t e ac  o  in ormation or t e ita i it  o  acti it  an  teac ing ai  or man  

discretion and autonomy 

                                

Figure 4:The experience related on the color education figure 

Figure 5:The improvement of producing teaching aids of art activity from children  

3.2 Qualitative and quantitative studies 
ir t  it nee  to gi e t e a ic e cation or co or t eor  t e ear  c i oo  teac er o 

mar e  ac  o  c rric m re ate  on t e co or a  t e re t o  t e ig re  o  a 
antitati e t  an  a  t e ig re  a ing m c  i ic t in oing art acti it  or t e 

production of teaching aid according to the lack of color understanding. These lead to a 
en e o  ea on  e erience o  nat ra  o ect  co or  art acti itie  in t e ri c rric m  

an  e cation o  nat ra  co or  in ig re  

ccor ing to content  o  t e ig re  e a te  tan ar  co or  orean n tria  
Stan ar  S  in orea to t e co or e cation an  acti itie  ractica  not to i  t e 

tem an  conce t o  co or e en t o g  t e im ortance or t e co or e cation i  gro ing 

965
AIC2015 TOKYO - Color and Image



 

 

more  to mi  t e tem an  conce t o  co or in t e a ove Nuri curriculum in the activity 
of experience of around the fun and interests . 

e t  t i  i  re ent t e ario  co or acti itie  an  t e teac ing met o  e tr  to gge t 
the activities aimed for natural color in the field of art experience of the o er ation  
expression, feelings and the utilization of teaching aid, for example, in art activities for 
c i ren to e e o  t e acti itie  or t e co or re earc ing to e a e to earc ing or in t e 
nat ra  o ecti e ing tan ar  co or S  to ma e t e natural colored palette for children 
to e a e to e re  an  ee  t e nat ra  co or e tracte  nat ra  o ecti e to a  t e 
conce t o  co or management  t ro g  acti it  o  t e o er ation on t e c ange o  co or o  
t e nat ra  o ect c  a  tree  o er  etc  to a  t e conce t o  t e rig tne  an  c roma 
to apply the color perception. 

4. CONCLUSIONS 
o or e cation or c i ren in orea ac  oc  on nat ra  co or  an  ti i ation t t e 

various actives progresses recently according to the vitalization of for natural ecology. 
 e gge t t at co or e cation or c i ren o  oc  on nat ra  co or  a e  on 

a itati e an  antitati e t ie  ir t  a ic e cation o  co or t eor  o  e 
a mini tere   ear  c i oo  teac er  ing ri curriculum. There are not many 
c ance  to earn a o t co or e en t o g  ear  c i oo  teac er  earn a i e range o  art 
an  m ic  i ic tie  in ear  c i oo  e cation are ac  o  teac ing-learning materials 
for adapting the Nuri curriculum (2013: Park, Noh cited re-quotation). o or e cation in 
a a ting to c i ren i  n ami iar  o e a  art acti itie  or c i ren are in ence  
great   t e a i it  o  ear  c i oo  teac er  

Secon  e e e o e  co or acti itie  a e  on tan ar  co or S  e c ing arti icia  
colors the artificial color is from the understanding on need to give various chance to meet 
t e nat ra  co or a  t e content  ointe  o t  t e ear  c i oo  teac er to im ro e t e 
color cognition and visuals 

of children live the city life mostly. 

ir  e ro i e  g i e ine  or ario  co or acti itie  rt acti itie  o  e 
er orme  t ice er ee  in ractice n i e t e c i  artici ate  in t e acti it  to 

intere ting  eca e t e teac er a e to e en  on t e certain g i e ine or an en 
teac ing  t t e etai e  gge tion oe  not re ent t e ario  co or acti itie  to e  
this. This study is expected to lead to the color education from children in Korea to upgrade 
understanding on the natural color, the activities, and the consistent interest and study as 
presenting the direction of the color education from children and the natural color 
education. 
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Color Mixture Learning using Personal Computer for Basic Design
Tomoko MITSUTAKE,  at i  and o e S 3 

 i on e igner  Sc oo   e ign on tant
 o o o ei ni er it   e igner

3 i a ni er it  rgani ation or romotion o  ca emic air

ABSTRACT
S tracti e  iti e an  ta o e  co or mi t re  are e  a  re ro ction tec ni e in 

in tria  e ign ro ct  n a ic e ign e cation  earning o  t e e ign tec ni e ing t e e 
rinci e  o  eac  co or mi t re are ignificant

 ecent  e a e een a e to im ate a ariet  o  co or mi t re re t  ea i  it  P  ince 
rea  o  t em  n  a o  t ent  a e een ecome a e to in t i  a  o a ariet  o  co or mi t re 

experiences in a short time.
 n t i  a er  e i  o  t e e ign tec ni e o  t e co or mi t re  ing P  o t are an  

t e t ent  or  an  im re ion  a ter t e e erci e
e intro ce e o  training content
 S tracti e co or mi t re

  raining o   co or mi t re it  a co ore  enci  an  t e ainting on a er or ater
co or ainting e  erci e  or ario   co or mi t re  ainting  an  a ing a 
co or o  t e eac  e e  gra ation  o   co or
  n e erci e o  t e  co or mi t re it  t e tran arenc  i m  a er  t e 
tran arenc  fi m  an  er orm  co or mi t re
  raining o  t e  co or mi t re im ation o  t e e erci e o   it  t e P  o t are

ac   co or i  i i e  in e e  gra ation  into e er  a er  an  im ate traction 
color mixture.

 iti e co or mi t re
  erci e or t e iti e co or mi t re it  t e ig t  tran mitte  t e eac   co or 
cellophane.
  erci e ing P  o t are  im ate   co or mi t re  ac   co or a me  it 

e e  gra ation   a e co or  e a ecima  notation
3. Juxtaposed color mixture

 an e am e o  t e ta o e  co or mi t re  to e ign t e co or attern o  t e c ot  o  t e 
ain ea e  P  o t are  a e  on an e am e o  t e ging am c ec  attern ing  create 

e ign  it  t ent  origina  co or
e i  intro ce e o  t e im re ion o  t e t ent  a ter t e training
 nction ca e  co or m ti ication a  con enient an  n er too  e  t at it a  

intere ting
en it a  ea  to ma e a tran cent e ign an  t e e ign it  t e nite  ee ing   e t it

 a  co or con tit tion i e to a  in t i  training  an  e en ot er c a e  on  c ange  a 
o ition to e i e   a itt e an  an im re ion c ange  com ete  an  a  intere ting

 a  a e to imagine on  t at  mi e  aint en  ear  t e or  co or mi t re  t  came 
to e a e to imagine t e co or mi t re to re eat  a ing e  tran arence origami  an  t e a er 

 t i  c a
n er tan ing rom t e e im re ion  ignificance o  t e training i  gge te
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ABSTRACT 
e ia e re ion   gra ic e igner  a e een igita i e  rom t e t cent r  i  

paper is a o t a tria  o  a ic e cation or e igner in t e igita  en ironment. 

 There are t o igni icance  to intro ce P  into a ic e cation for designer. One is that  
physical color im ation can e one ea i  e re t o  t e Additive and the S tracti e 
color mi t re can e e re e  ea i  e nee e  a ot o  training to mi  co or e  

it o t P  The second is that accurate ra ing can e one ea i  an  acc rate  to 
manage element of color and ig re  t e n merica  a e it  gra ic  o t are  The 

a ic o erationa  irection  o  a gra ic tran ation  ooming  rotation an  re ection  are 
a o ea  ore com e  re eating or  can a o e er orme  ic  e e are very 
great advantages for design learner.  

  This design exercise is a e  on co or mi t re  t ir t  eac  met o  o  training is 
in icate  n  a ter  t ent  im re ion  are also indicated. Significance of these 
trainings i  o n rom t ent  im re ion  

1. INTRODUCTION 
a ic e ign in t e igita  en ironment t e co or an  mor o og  mani ation  i  a 

theme for this research. We focus on "the color mixture". eca e of the color mixture  
t e t ree rimar  co or  are e  m c  or re ro ction it  t e co or or industrial 
design. We ai  attention to mmetr  o  a gra ic  mor o og  mani ation  eca e 
of  the mo t o  gra ic  o t are are e igne  a e  on mor o ogy. 

  The industrial co or re ro ction an  n er tan ing o  gra ic  o t are are er  
important in present design. The significance in ic  com ine  t e e mo ern in tria  
tec no og  it  a ic e cation or e igner i  im ortant  e co or e ign ic  ma e 
"color mixture  i  a t eme or t e e ign e erci e  in icate  a  e o  At first, the training 
o  iti e  S tracti e an  ta o e  co or mi t re ere in icate  n  ne t  t ent  
im re ion  ere a o in icate   

2. METHOD 
ttri te o  t e er on or earning: egineer of the graphic design. Student of the night 

graphic design department in i on e igner  Sc oo  m er o  t ent    male and 
 female students, average age:  ear  o  a  name: a ic e ign  rt （refer to 

-  “Subtractive color mixture” and -  “Additive color mixture”）, i a  e ign（refer 
to -3 “Juxtaposed color mixture”） 
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2.1 Subtractive color mixture 
- -  raining o   co or mi t re it  a co ore  enci  an  t e ainting on a er or 
ater-co or ainting e  erci e  or ario   co or mi t re  ainting applied

-level gradation” in each  co or ig re  

- -  n e erci e o  t e  co or mi t re it  the transparency film”  a er  it  
the films can make  co or mi t re ig re  Figure 3, Figure  

         
Figure 1      Figure 2  Figure 3    Figure 4 

 

- -  raining o  t e  co or mi t re im ation o  t e e erci e o  -  it  t e P  
o t are  ac   co or i  i i e  in -level gradation  into "every layer" and 

simulate a traction co or mi t re  

In this study, e e o e trator  raining met o  i  a  o o  Figure  

 
Figure 5: Practice process for CMY color mixture simulation. 

 

 
Figure 6: Student work examples. 
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2.2 Additive color mixture 
- -  erci e or t e iti e co or mi t re it  t e ig t  tran mitte  t e eac   

color cellophane.（ ig re ） 

 
Figure 7: Simulate the mixing result in the RGB color of flashlight. 

 

- -  erci e for  co or mi t re im ation ith PC software (“ -level gradation  
and  a e co or  in eac   

 
Figure 8:Working process for RGB color mixture. Figure 9: RGB color mixing simulation. 

 

            
Figure 10:Practice process for RGB color mixture.         Figure 11: Student work examples 
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2.3 Juxtaposed color mixture 
 an e am e o  t e ta o e  co or mi t re  to e ign t e co or attern o  t e ain 

ea e it  the P  a e  on an e am e o  t e checked pattern ing  to create the 
attern  st ent  color choice. on ition  o c oo e t ree co or  o  t e o tion an  
e ign  Juxtaposed color mixture. 

  or  roce re  ac  co or ane a me  it a are o  mm te   o ace t e 
ir t co or  t e econ  co or into c ec  orm te   o co  rotate  egree an  t on 

it te   The third color locates it as a lower color of the ground. This is defined as “basic 
unit” of the Juxtaposed color mixture (step 4). To co  t e a ic nit  an  a e ign o  t e 
checked pattern is completed  in  i e engt mm  eig t mm te   To print 
t e attern to a iece o   i e c ot   oo  ac et i  ma e to t e i e o  t e oo   
folding. A production process and the students’ work are as follows. 

 
Figure 12: Working process for Juxtaposed color mixture 

 

 
Figure 13: Replicate the basic unit of checked pattern to A4 size 
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Figure 14: Student work examples 

3. RESULTS AND DISCUSSION 
 ro ction roce  an  t e or  o  t e t ent are a  o o  

"A function ca e  co or m ti ication a  con enient an  n er too  e  an  it a  
interesting." 

 e t t at it a  ea  to ma e a tran cent e ign an  t e e ign it  t e nite  
feeling.” 
"I had color constitution like today’s class (in this training),  and even other classes only 
c ange  a o ition to e i e   a itt e an  an im re ion c ange  com ete  an  a  
interesting". 

 a  a e to imagine on  t at  mi e  aint en  ear  t e or  co or mi t re  t  
came to e a e to imagine t e co or mi t re to use “transparence origami” and the layer by 
this class"  

t a  i erent rom t e image on  to ma e co or  ta o ition en  on  t one  
co or t at  image  en  mi e  it  ere ore  it a  nece ar  to im ate it man  time  
an  a  erio  t  t in  it a er  goo  t  

From these comment after the trainings, significance of the training is suggested. 
The color is a very important topic in education for designer. When a learner handles the 
co or  t e  ace t o ro em  One is a color material and the color mixture. The color 
materia  it  ica  ro ertie  c  a  aint  it i  i ic t to re ict t e co or mi ing 
re t  a n m er o  em irica  no e ge  n no  e a o e ign ing t e co or i a  
an  a o nee  no e ge o   color. not er i  t e co or c eme  ario  co or 
t eorie  a e een ro o e  t in t e act a  e ign  it i  i ic t to e  a a t t eir 
theory.  

  intro cing t e P  or co or e cation  t e e ro em  are ea i  o e  iti e an  
S tracti e co or mixture are ot  ica  enomena  e P  o t are  a im ation o  
physical phenomena is easy. In particular color learning Additive color mixture a  
i ic t it  con entiona  co or e cation  o  in ta o e  co or mi t re  a ge 

n m er o  ine color surface are needed. To create manually these color plane is difficult, 
t P  can create ea i  it  gra ic  o t are  

 earning o  co or c eme i  o ten e  a co or ace t at i  a tracte  c  co or ee  
i  met o  i  o taine   ti i ing t e geometric re ation i  o  t e co or ace  o or i  

treate  a  a tracte  co e c  a  co or n m er  in t e ace  i  met o  i  ita e to 
n er tan  t e co or c eme t eor  rior to t e toning  a  een co oring materia  c  

a  co ore  a er  i  re ire  
 earning t e co or  toning  i  a o an im ortant i e  or toning  it i  nece ar  to 
n er tan  t e co or ca e   t e t ree rimar  co or  an  co or mi ing rinci e  an  

also mixed toning to determine the interrelationship of color. Therefore, understanding of 
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co or mi ing i  t e a i  o  t e co or c eme earning  i  i  an e treme  ene it or 
eginner  

4. CONCLUSIONS 
Among the practical challenges, "Juxtaposed color mixture" is very significant of practice 
e ign o  oo  ac et  n t i  e erci e  re ation et een t e rinci e o  co or mi ing 

ta o e  co or mi t re  an  t e e ign or  checked pattern  inc ing t e e ign 
process is very easy to understand for the learner. Among the design education, education 
re ate  to a ic e ign  art c  a  co or  i  i ic t to re o e it  on  a tracte  
theory. o en t eori ing  it i  a o im ortant to con i er et er to t eori e at an  
stage. or e am e  in t i  t  e o e  t e t eor  e icit no e ge  ac  to a 
more primitive stage called "color mixture" rather than " harmony theory" for the color 
scheme. 
 n t e t re  ame a  iti e an  S tracti e co or mi ture, e o  i e to advance 
the research including its design process such as directly linked the modeling 
re re entation an  orma  no e ge an  a o e  t e ir t c o ar  or training 
challenges. 
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The Art of Colour Harmony: the Enigmatic Concept of 
Complementary Colours

ara  
a to ni er it  Sc oo  o  rt  e ign an  rc itect re

ABSTRACT
i  a er e ore  t e t eor  an  ractice o  co o r armon  a e  on t e e i i ri m o  

complementary colours. For centuries artists relied for their colour choices on studio experience and 
arti tic no e ge an e  o n rom ma ter to a rentice i e cientific  co o r t eor  remaine  
mo t  t e reocc ation o  c o ar  an  i o o er  an  o  t e atter in  o  t eor  ere a e  on 
a com ari on o  i a  armon  it  m ica  o  armon  em   age   i  a er 
re ent  ome re ection  on t o e t eorie  an  arg e  t at t e  a e ea  t e re earc  o  t e ae t etic  

of colour astray for centuries.
om ementarine  in co o r  i  ometime  e cri e  a  o o itene  a t o g  trict  

ea ing com ementarine  an  o o itene  are i erent conce t  t i  nc ear  en t eorie  o  
t e o o itene  o  co o r  entere  t e ang age o  art  t t e term com ementar  co o r i  e  
t an t o n re  ear  o  an  come  rom t e ic  o  ig t    com ement  i  omet ing t at 
com ete  or fi  in a mi ing ortion o  omet ing  n t e ca e o  ig t t e mi ing ortion i  a certain 

art o  t e ectr m o  ig t t at a e  to t e re t o  t e ectr m com ete  it to ro ce ite  
or ne tra  ig t  i  enomenon a  e cri e   e ton in i  or  tic    cent r  
ater o ann o gang on oet e re ente  a ri a  t eor  t i  time o  com ementar  en ation  

rat er t an com ementar  tim i r ar en e re   i  t eor  i t  t e enomenon o  
complementarity or oppositeness from the realm of physics to the realm of phenomenology, from the 
stimulus to the sensation. Most modern theories of the oppositeness of colours, their position in the 
co o r ee  an  t eir ro e in t eorie  o  co o r armon  can e trace  to t e e t o o rce

t er t eorie  o  com ementarine  an  armon  im  ma e re erence to a co o r ee  
tating t at co o r  o n  iametrica  o o ite on t e ee  are com ementar  to eac  ot er  Some 

te t oo  in i t t at t e e re ation i  are e treme  reci e  eca e o  t eir cientific o n ation 
tten  t er  i e rom gating a co o r ee  a e  armon  t eor  a mit t at t i  
rinci e i  ma e rat er ncertain  t e act t at t e co o r re ation i  e en  entire  on o  t e 

ee  i  con tr cte  
In his article Är komplementärfärger mer olika än andra färgpar  re com ementar  co o r  

more i imi ar t an ot er co o r air  Pro e or n er  r  o e  o  am ig o  t e conce t 
o  com ementarit  i  e en it in a cientific rame o  re erence  e a o conc e  t at arti t  gra e  
t e ne  cientific t eorie  o  tracti e com ementarie  com ementar  tim i an  im taneo  
an  cce i e contra t  a  acce ta e e anation  roo  or efinition  o  enomena t at t e  a  
ince ong ago no n an  or e  it  r   e armon  or i armon  o  co o r  

et er a e  on com ementarine  or ot er re ation i  i  not cienti ica  anti ia e  t a 
a itati e a ect t at re ire  arti tic no e ge  en i i it  an  attention to e era  im taneo  

layers of experience.

The art of colour harmony: the enigmatic concept of 
complementary colours 

 
HARALD ARNKIL 

Aalto University School of Arts, Design and Architecture 
 

 
ABSTRACT 

 
This paper explores the theory and practice of colour harmony based on the equilibrium of 
complementary colours. For centuries artists relied for their colour choices on studio 
experience and artistic knowledge handed down from master to apprentice while 
“scientific” colour theory remained mostly the preoccupation of scholars and philosophers. 
Many of the latter kind of theory were based on a comparison of visual harmony with 
theories of musical harmony, astronomy and mathematics (Kemp 1990; Gage 1993, 1999). 
This paper presents some reflections on those theories and argues that they have led the 
research of the aesthetics of colour astray for centuries. 

 
 

1. INTRODUCTION 
 
Complementary colour is a concept that is often referred to in textbooks on colour and in 
discussions on colour harmony. Complementariness in colours is sometimes described as 
oppositeness, although strictly speaking complementariness and oppositeness are two 
different concepts. Since ancient times artists and designers have either intuitively or 
consciously exploited the phenomenon of oppositeness in colours to achieve highly 
different visual effects. Some have aimed at maximum visual tension, others at harmony 
through equilibrium. Colour educators have tended to seek universal laws and principles or 
empirical evidence that would explain “scientifically” the phenomena and effects of colour 
experience. The principle of harmony through balance of opposites or of complementaries 
is an integral part of numerous colour harmony theories (Munsell 1905; Ostwald 1917; 
Itten 1961). What is meant by opposites or complementaries varies from one theory to the 
other and thus necessarily affects the interpretation of harmony in those theories.  
 

The concept of harmony – and hence of colour harmony – is historically entwined in 
mathematics and theory of music and is not free of these associations even today (Arnkil 
2013). The notion prevails that colours are separate entities belonging to an a priori 
system, and that they have fixed physical identities and locations in a system rather like the 
12 tones of the diatonic scale in Western musical harmony. But what could harmony 
through equilibrium mean? Colour has no measurable weight, area or mass, which is 
perhaps why in art colour harmony has been understood as balance of metaphorical visual 
forces. (Kandinsky, Klee, Munsell). A scientific view of equilibrium presupposes a precise 
identification and quantification of energy, power, mass, etc. In the case of colour these 
forces have sometimes been identified as complementary wavelength distributions or 
opponent neurobiological processes. (Pridmore 2009). The latter type of investigation can 
contribute to the development of more sophisticated mathematical models of human colour 
vision, but is unlikely to deepen our understanding of the aesthetic function of colours in 
art and design. As artists through the centuries have shown, it is possible to identify 
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ABSTRACT 

 
This paper explores the theory and practice of colour harmony based on the equilibrium of 
complementary colours. For centuries artists relied for their colour choices on studio 
experience and artistic knowledge handed down from master to apprentice while 
“scientific” colour theory remained mostly the preoccupation of scholars and philosophers. 
Many of the latter kind of theory were based on a comparison of visual harmony with 
theories of musical harmony, astronomy and mathematics (Kemp 1990; Gage 1993, 1999). 
This paper presents some reflections on those theories and argues that they have led the 
research of the aesthetics of colour astray for centuries. 
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balancing, opposite or antagonistic relationships in certain types of colour combination 
without attempting to pin down a precise calculable definition of those relationships. Such 
relationships need not lead to a “harmonious” visual outcome, but offer instead multiple 
expressive possibilities. The outcome depends always on several visual factors and 
variables of colour that cannot be left of the equation. 

 
 

2. A SCIENTIFIC FOUNDATION FOR THE ART OF COLOUR?  
 

 

 
 
Figure 1. Schematic illustration of some colour wheels and their complementary hues. 
From left to right: Delacroix/Chevreul/Blanc; Hering; Ostwald; Munsell. 
 
Almost every colour primer that says something about complementary colours makes 
reference to a colour wheel, stating that colours found diametrically opposite on the wheel 
are complementary to each other. (Itten 1973: 34, 78; Hope & Walch 1990: 89; Holtzschue 
2002: 52–53; Hornung 2005: 15; Stone 2006: 236). Some textbooks insist that these 
relationships are extremely precise, because of their scientific foundation (Itten 1973: 34). 
Others, while forwarding a colour wheel -based harmony theory, admit that this principle 
is made rather uncertain by the fact that the colour relationship depends entirely on how 
the wheel is constructed. (Feisner 2006: 50). The origin of the various colour wheels, their 
differences, and their potential problems for predicting colour harmony are thoroughly 
discussed in Westland et al 2007. The wheel or circle as a symmetrical symbol of 
perfection suggests in itself completeness and harmony. This symbolism was idealized by 
the early Romantic painter Philipp Otto Runge in his spherical representation of the 
harmony of colours. 150 years later Johannes Itten modelled his own colour sphere and 
colour star on Runge’s sphere and made them an iconic image of colour harmony in his 
book Kunst der Farbe/The Art of Colour (Itten 1973), The book was originally published 
in 1961, but is still immensely influential in colour pedagogy. 
 

The two most famous colour systems that have made claims about both scientific colour 
ordering and colour harmony are the now forgotten Ostwald system and the still thriving 
Munsell system. Wilhelm Ostwald based his uniform hue difference scale on 
complementary wavelength pairs (Pridmore: 234), thus placing the concept of 
complementaries at the centre of his theory of colour harmony. Although Munsell also put 
great emphasis on “balance” in visual aesthetics, he abandoned in his hue circle his initial  
“compensatory” colour pairs in favour of perceptual uniformity. (Kuehni & Schwarz 2008: 
115). The fitting together in one and the same colour space of perceptual uniformity of 
colour difference and symmetrically opposed complementary hues remains and unresolved 
challenge for colour science.   
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2.1. Opponent colours and opponent processes 
 
In 1872 the German psychologist Ewald Hering (1834–1918) presented his theory of 
colour opponency which stated that a colour cannot appear both red and green at the same 
time and that there can be neither bluish yellows nor yellowish blues. It was first thought 
that Hering’s opponent colour theory was irreconcilable with the Young–Helmholtz theory 
of trichromacy, but gradually it was realized (and proven also empirically) that they 
describe two different levels of the colour vision process. (Kuehni & Schwarz 2008: 100). 
Could Hering’s opponent colours be called complementary and if so, does their 
complementariness have a neurological basis? Hering hypothesized that the neural 
opponency of red with green and yellow with blue was based on antagonistic physiological 
processes (Valberg 2005: 279). At first there seemed to be no evidence to support this 
hypothesis but the discovery of opponent-process colour-coded cells in the 1950s and 60s, 
first in the retinas of fish, then in primates and later in the human visual cortex seemed to 
finally prove the neurobiological basis of complementariness in these colours. It is worth 
remembering, though, that an important role of that process is not to only to provide us 
with good discrimination of reds from greens and blues from yellows, but to pack the 
signals from the three cone receptor channels into a more economical form through a 
process of signal subtraction. Hence we are much more attuned to colour differences per se 
than to absolute colours in any sense of the word.     
 

Building on Helmhotz’s and Hering’s legacy, the CIE has produced ever more precise 
colour difference models. Do these improved scientific models contain the answer to 
complementary colours and colour harmony? Professor Anders Hård showed in 1985 in 
his article Är komplementärfärger mer olika än andra färgpar? (Are complementary 
colours more dissimilar than other colour pairs?) how ambiguous the concept of 
complementarity is even within a scientific frame of reference. He also concludes that 
artists “grasped the new scientific theories of subtractive complementaries, complementary 
stimuli and simultaneous and successive contrasts, as acceptable explanations, proof or 
definitions of phenomena that they had since long ago known and worked with.” (Hård 
1985, my italics). In a more recent article by Anders Hård and Lars Sivik the authors say: 
 

In color literature and encyclopedias, the concept “complementary colors” is defined in 
several different ways … As far as we understand, it is not possible to decide whether 
simultaneously perceived Color Elements are complementary according to any of these 
definitions unless one has acquired, through specific experimental learning, the 
knowledge of the particular definition in question. (Hård & Sivik 2001). 
 
Hård and Sivik also point out that in their experiment carried out with 35 architecture 

students of architecture, showed no evidence that complementary colour combinations are 
experienced as more harmonious than other combinations: “The colors that were hue (Φ), 
chromaticness (c), and redness (r) identical, on the other hand, were judged as more 
harmonious than all the others, while the constellation where all the colors were 
completely different was judged as least harmonious.” Neither were the complementary 
colour pairs perceived as more different than other combinations. The experience of 
difference depended rather on NCS lightness difference. (Hård & Sivik 2001: 26). The 
findings of Li-Chen Ou and Ronnier Luo corroborate these findings: in their 2003 study, 
equal hue and moderate lightness difference were among the most important contributing 
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factors in harmony and there were no results for complementary colours. (Ou & Luo 
2003).  
  
 
2.2. Other dimensions of complementary colours 
 
Complementariness is closely related to simultaneous contrast otherwise known as colour 
induction. (Pridmore 2009). Colour induction is in some degree present in nearly all colour 
juxtapositions, but it is most dramatic in colour combinations where a colour field of high 
chromaticness induces an opposite hue in an adjacent, more neutral colour field. This 
perceptually induced opposite hue is said to be the complementary of its adjacent hue 
stimulus. Another related phenomenon is that of vibrating boundaries, sometimes also 
called “simultaneous contrast” or “simultaneity” in art parlance. There are several 
explanations for this phenomenon (see e.g. Livingstone 2002), but it is most often 
attributed to complementary colours enhancing each other when juxtaposed in the form of 
hard-edged areas. So-called ‘simultaneity’ in the form of juxtaposed areas of saturated 
complementary-type colours in highly rhythmic designs were typical of the works the 
Robert and Sonia Delaunay. It is debatable whether they can be called ‘harmonious’ or that 
either artist even aimed at harmony. The effect is rather of vibrancy and a sense of 
rhythmic movement. Indeed, the proclaimed aim of Robert Delaunay was the creation of 
movement and a novel evocation of time and space through colour. (Gage 2006: 36–37) In 
the Pop- and Op-Art of the 1960s complementary-type contrasts in equiluminant 
combinations often created a restless, vibrating or kinetic effect whose very aim was the 
opposite of harmony. Such effects were widely used in advertising and especially in the 
graphic images of the 1960s pop culture and psychedelia. 
 

Although complementary and antagonistic colours do not automatically create harmony 
in a colour composition, they may occupy an otherwise special place among colour 
combinations. Michel Eugène Chevreul (1786–1889) stated that colours appeared to their 
best advantage when juxtaposed as pairs of complementaries. In Chevreul’s colour circle, 
the three primary colours red, yellow and blue are placed at angles 60° in relation to each 
other, yielding the complementary pairs: red/green, yellow/violet, blue/orange, etc. 
Summarizing his findings on various types of colour juxtapositions, he concludes: “This 
[juxtaposition of complementaries] is the only association where the colours mutually 
improve, strengthen and purify each other without going out of their respective 
scales.”(Chevreul 1987: 134). But he goes on to say: “This case is so advantageous to the 
associated colours, that the association is also satisfactory when the colours are not 
absolutely complementary. So it is also when they are tarnished with grey.” (Ibid.).  
 
 

3. DISCUSSION 
 
Chromatic contrast not only provides us information about lighting, space and material 
qualities, but also affords us pure enjoyment and aesthetic pleasure, but sometimes also 
displeasure. Artists or designers can learn to control these factors only by experience, by 
tirelessly testing various options and by training their sensitivity to the multiple layers of 
visual experience at play in any art or design task. Josef Albers has demonstrated how 
creating with colours has very little to do with rigid rules and much with alertness, 
flexibility and tactical skill, with “thinking in situations”. (Albers 2013: 42, 68). He 
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referred to theories of complementary colours, but never asserted that they were a 
guarantee of harmony. In fact, harmony was for Albers no more desirable than 
disharmony. Just as music consists of consonances and dissonances, so must visual art. 
(Albers 2013: 39–43). In contrast to his former teacher and colleague Johannes Itten, 
Albers had a deep distrust of formal rules of colour harmony – mainly because of they did 
not address the relational and situational nature of colour design. (See Albers 2013: 42). 
There have been attempts even in Albers’s time to quantify variables such as surface area, 
complexity and colour intervals in mathematical representations of colour harmony (Moon 
& Spencer 1944). However, most of the models are able to include a very limited number 
of hues or other variables in the algorithm. Even the most sophisticated computational 
colour harmony models to date leave out crucial factors affecting the experience of 
harmony. These include the spatial array, cultural context, figuration, symbolism, texture, 
materiality and evocation of light and atmosphere. Computational rules of colour harmony 
so far appear to be self-predicting. There is no guarantee of their success outside their own 
form of presentation and mode of appearance, as even the creators of such models admit. 
(See: Ou & Luo 2003, Conclusions). A continuation of computational harmony studies 
with more naturalistic stimuli could be extremely challenging, but perhaps worth trying.   

 
 

4. CONCLUSIONS 
 

The concept of complementariness in colours has no single established definition. The 
“harmony” or “disharmony” of colours, whether based on complementariness or other 
relationships, is not scientifically quantifiable, but a qualitative aspect that requires artistic 
knowledge, sensibility and attention to several simultaneous layers of experience. The 
experience of visual balance is not dependent on any precise and quantifiable chromatic 
relation. The experience of visual harmony depends on multiple factors that can only be 
addressed through the sensibility, skill and experience of the designer or artist. Rules of 
harmony that are based on fixed, abstract formulae do not sufficiently take into account the 
multiple variables involved in real-life applications of colour and do not sufficiently 
address the needs of contemporary art and design. Complementary, opposite or 
antagonistic colours can, when used with skill, afford visual balance to the chromatic 
composition of images, objects or spaces, but they can also result in visual tension, 
restlessness, even discomfort. The latter effects can be and often are the very goal in 
today’s designs or artworks. Present-day colour harmony research has received little or no 
attention from artists, designers and architects. The reason may be that “harmony” is too 
limited a concept for the needs of visual communication, expression and good design in 
contemporary life. Many of the confusions and misunderstandings concerning the role of 
colour in art, design and architecture arise from a lack of clearly articulated artistic 
knowledge about colour. It has sometimes resulted in artists taking recourse to science that 
they do not understand and scientists applying to art methods and rules which are blind to 
the multifaceted nature of art. The discussion between science and art in colour research 
can be useful only when the strengths and limitations of each approach are clearly 
identified.      
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 St y on In ence o  t e C lt re an  rt erience o  Senior 
Citizens from Relationships between Culture and Art Education Space 
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ABSTRACT
The ratio of the aged population in the total population of the Korean society is expected to 

contin e to increa e an  it i  increa e   in  rom no  on  t e e ecte  t re i etime 
o  t e age  i  e m c  onger an  t e i e o  t e age  erio  i  contin e on one  o n anning 
i e t e i e ring one  o ng an  mi e age  time or o er  ear  a ter one  retirement n i e 

t at in t e re io  time  ccor ing  t e go ernment i  i ting e are o ic  or t e age  to a ne  
irection in term  o  t e co ntr  an  e are o ic  or enior citi en  e an e  common er ice  

ic  a  een ro i e  on  or t e age  on i ing rotection an  in o  income  to genera  enior 
citizens. 

    In fact, most of senior citizens are experiencing culture and art such as the 
go ernment  common er ice   in orea e to t e increa e  i ing con ition  an  a it  o  i e  
n a ition  c t re an  art e cation aci itie  or t e age  increa e    aci itie  to  aci itie  
rom  aci itie  or  ear  rom  to  i e ace  or t e age  are ra i  i t  or 

t eir e an  r o e a  e  ccor ing  it i  nece ar  to carr  o t t ie  to ro i e t e im ro e  
aci itie  an  en ironment  in a a  or t e age  to ee  t eir ica  an  c o ogica  ta i it  in 

accor ance it  cognition on t e age  toget er it  t e gi en r o e o  ace  a ong it  o r aging 
ociet  o e er  t ie  re ating to cognition on t e age  an  en ironment  on c t re an  art ace  

are ac ing en e ana e t e t  tren  ic  a e een carrie  o t  to t e recent time
    i  t  ana e  t e in ence o  t e c t re an  art e erience o  enior citi en  

on t eir co or emotion a e ment rom re ation i  et een c t re an  art e cation ace  an  
color emotion assessment through the analyzed data after the status on space colors in culture and art 
e cation an  co or ana i  er ace com onent in orea ere i entifie  e m ti e regre ion 
ana i  mo erate  regre ion ana i  an   ana i  ere carrie  o t ing t e SPSS tati tic 
rogram  to ac ie e t e r o e o  t i  t

     a re t o  t e t  t e co or  rig tne  an  c roma o  e cation ace  ere 
concentrate  on t o e co or  c  a  orange  e o   an  e o  green  e mo t 
in ence  a eare  en t e co or  o  a  e re e  ace  among  e ement  c  a  t e cei ing  

a  an  oor  e in ing  o  t i  t  are e ecte  to e e  or im ortant ata in t e co or 
planning for indoor education spaces for the culture and art eduction spaces of the aged.
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S R C  
Accordingly in this research, properties of evaluation vocabularies according to colors 
used in each Korean cultural art education indoor space is evaluated. Through analyzed 
resources, influence on senior citizen s color sensibility evaluation by the relationship 
between cultural art education space and color sensibility evaluation is analyzed. In order 
to achieve the goal of this research, SPSS statistic program 21 is used to conduct reliability 
analysis and T-test analysis. As a result of the research, among the three elements, ceiling, 
wall and floor in educational space, wall is the most influential when applied with color. 
Second, in oriental calligraphy room which has clear use and purpose, and used for visual 
art education space, color sensibility is clearly demonstrated per use of different colors. 
Third, there were difference in the sensibility each individual feels from the color of the 
wall between a group of individuals who has experienced cultural art and the group of 
individuals who has not experienced cultural art. There was significant difference in grey, 
pink, wine and yellow-green. The conclusion of this research is believed to be used as an 
important data to plan indoor education space color palette for senior cultural art education 
spaces. 

. IN RO UC ION 
As the number of facilities allowing senior citizens to explore cultural art is increasing in 
Korea, geographical distance to/from cultural art center, transportation method is getting 
easier and the opportunities of experimenting various cultural art is growing. The 
difference in details and degree of emotional sensibility each individual feels from the 
colors in interior spaces are expected between individuals who have experienced cultural 
art and who have not. In the coming future and forward, Korean government is anticipated 
to generously support and invest in improving life quality by adopting cultural art 
experiences as universal opportunities. Consequently, as a first step in this research, 
emotional sensibility of senior citizens, the true users of cultural art education spaces are 
studied as a part of indoor color palette plan. As a second step, the purpose of this research 
in distinguishing the differences in emotional sensibilities between individuals who have 
experienced cultural art and who have not to identify the properties and use them resources 
for designing cultural art spaces since emotional sensibility of users who have experienced 
cultural art can be referenced in making color palette plans for indoor spaces distinctively 
designed for educational purposes.  
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Accordingly in this research, properties of evaluation vocabularies according to colors 
used in each Korean cultural art education indoor space is evaluated. Through analyzed 
resources, influence on senior citizen s color sensibility evaluation by the relationship 
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. E O  

.  E  O  
This research includes preliminary survey and main study. Physically and mentally healthy 
57 senior citizens (31 females and 26 males) at ages between 55 and 63 without conditions 
of color blindness participated in this experiment. Preliminary survey was used to identify 
biological information along with physical and psychological conditions. The main study 
is conducted as color sensibility category in cultural art education space using general 
statistics and Likert s 9-point scale. Especially, the application of color in indoor space is 
limited to walls by referencing advanced researches. According to the preliminary survey 
conducted in this research, 9 .09  of senior citizens responded that walls have the biggest 
affect to interior space images and sensibilities.  
 

Figure 1: Basic 15 Colors for Color Sensibility Evaluation. 
Accordingly, prior to conducting this survey, sufficient explanations on color stimulant in 
indoor spaces are provided. Survey participants were asked to evaluate emotional 
sensibilities they feel by looking at images of indoor spaces that best demonstrate the basic 
15 colors (red, yellow-red, yellow, green-yellow, green, blue-green, blue, bluish violet, 
purple, reddish purple, pink, brown, white, grey and black) on 9-point scale. 
 

.  E  S    S  
Oriental calligraphy room that is designated as a social educational space located as a part 
of senior citizen welfare center which conduct cultural art educations such as photography, 
oriental calligraphy, oriental painting, art and architecture is selected as an evaluation 
subject. The basic colors are selected based on KS color system and the colors are applied 
to walls which has the most visual influence within indoor spaces. ocabularies used in 
the evaluation are derived from the 201  research of Lee, Jin-sook. As shown in (Table 1), 
total of sixteen pair of evaluation vocabularies are selected and SD (Semantic Differential 
Method) is used to conduct the sensibility evaluation. 
 

Table 1. Color Sensibility Evaluation Vocabulary

N . ocabulary N . ocabulary 
 Happy  Not Happy  Enjoyable  Irritating 
 Hopeful - Hopeless  Interesting - Boring 
 Stable - Stimulating  Calm  Excited 

4 Comfortable - Tense  Active - Static 
 Pleasant - Unpleasant  Bright - Dark 
 Warm - Cold 4 Light - Heavy 
 Clear - Dozy  Confident - Fearful 
 Influential  Influenced  Strong - Weak 

 

981
AIC2015 TOKYO - Color and Image



 

.  E   
In this research, in order to evaluate the reliability of each evaluation vocabulary, 
reliability analysis (Cronhach- ) is conducted using SPSS statistics program 21. Moreover, 
in order to evaluate fundamental properties of evaluation vocabularies based on colors, 
descriptive analysis is conducted. Lastly, T-test is conducted to analyze the effect of 
education space color on participant s sensibility between those who have experienced 
cultural art and those who have not. 

 . RESE RC  RESUL  

.  R   

Reliability analysis is a value that allows to verify how accurate and consistently the 
evaluation vocabularies are measured by survey participants. In other word, it is the 
probability of resulting in the same measurement regarding the same concept repeatedly.  
Generally in the social science area, the standard that interprets Cronbach  value sees that 
the value above 0.6 is credible. The total Cronbach a value is demonstrated as 0.9 0 
therefore no specific vocabulary is removed. All 16-pairs of vocabularies are used as 
evaluation vocabularies.  

.   
In order to identify the property of evaluation vocabularies as results of cultural art 
education indoor space colors, the average value of evaluation vocabularies evaluated by 
the senior citizens is used to conduct descriptive statistics. Analysis result according to 
applied color is as shown in the following.  
For color red, stimulating , Tense , Exciting  and Strong  were the most frequent 
sensibility vocabularies. Bright  was the most frequent sensibility vocabulary for yellow-
red. For yellow, Happy , Hopeful , Pleasant , Warm , Clear , Enjoyable , Active  
and Confident  were the most frequent sensibility vocabularies. Especially in yellow, 
Interesting , Bright  and Light  were the highest sensibility vocabularies. Yellow-green 

had Pleasant , Enjoyable  and bright  as the most frequent sensibility vocabularies. 
Green had relatively frequent sensibility vocabularies in Pleasant , Clear  and Strong . 
Turquoise blue had relatively frequent sensibility vocabularies in Stable , Clear  and 
Strong . Blue had relatively frequent sensibility vocabularies in Heavy  and Calm . 
Cold  was the most frequent sensibility vocabulary for blue. Cold , Dark  and Heavy  

were the most frequent sensibility vocabularies for bluish violet. Purple had low 
distribution in overall, but among them, Clear  and Strong  were the most frequent 
sensibility vocabularies. Reddish purple had relatively high frequency in Exciting , 
Heavy  and Strong  sensibility vocabularies. Happy , Active  and Light  were the most 

frequent sensibility vocabularies for pink. Heavy  was the most frequent sensibility 
vocabulary for brown. For white, Pleasant  and Calm  were the relatively frequent 
vocabularies and Bright  and Light  were the most frequent sensibility vocabularies for 
white. For grey, Calm  and Heavy  were relatively frequent. Not Happy , Hopeless , 
Unpleasant , Cold , Irritating , Boring , Dark , Heavy  and Fearful  were the most 

frequent sensibility vocabularies for black. 

.  S          
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.  E   
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In order to identify the property of evaluation vocabularies as results of cultural art 
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red. For yellow, Happy , Hopeful , Pleasant , Warm , Clear , Enjoyable , Active  
and Confident  were the most frequent sensibility vocabularies. Especially in yellow, 
Interesting , Bright  and Light  were the highest sensibility vocabularies. Yellow-green 

had Pleasant , Enjoyable  and bright  as the most frequent sensibility vocabularies. 
Green had relatively frequent sensibility vocabularies in Pleasant , Clear  and Strong . 
Turquoise blue had relatively frequent sensibility vocabularies in Stable , Clear  and 
Strong . Blue had relatively frequent sensibility vocabularies in Heavy  and Calm . 
Cold  was the most frequent sensibility vocabulary for blue. Cold , Dark  and Heavy  

were the most frequent sensibility vocabularies for bluish violet. Purple had low 
distribution in overall, but among them, Clear  and Strong  were the most frequent 
sensibility vocabularies. Reddish purple had relatively high frequency in Exciting , 
Heavy  and Strong  sensibility vocabularies. Happy , Active  and Light  were the most 

frequent sensibility vocabularies for pink. Heavy  was the most frequent sensibility 
vocabulary for brown. For white, Pleasant  and Calm  were the relatively frequent 
vocabularies and Bright  and Light  were the most frequent sensibility vocabularies for 
white. For grey, Calm  and Heavy  were relatively frequent. Not Happy , Hopeless , 
Unpleasant , Cold , Irritating , Boring , Dark , Heavy  and Fearful  were the most 

frequent sensibility vocabularies for black. 

.  S          

 

T-test analysis is conducted to evaluate the influence on education participants  sensibility 
by different colors applied to education spaces by conducting sensibility vocabulary 
evaluation analysis. T-test is an analysis method that compares the average between two 
groups. In this research, through an independent sample t-test analysis, the sensibility 
evaluation result gained from two groups, one who has experienced cultural art and 
another who has not experience cultural art is analyzed as t-value and significance 
probability value. Moreover, among total analysis result, only values that demonstrated 
significant differences are used. Oriental calligraphy room that has clear educational 
purpose within the space is used as an object space and the category of art education 
conducted in the objective space is applied as shown in (Table 2). Through questions that 
allow multiple confirmations, the participants are identified as individuals who have 
experienced cultural art and who have not. 

Table 2: Cultural Art Category used in Calligraphy Room 

Cultural Art Category .Oriental calligraphy room 
Applied Education Area Photography, Architecture, Art 

Number of Individuals who have experience cultural art 31 

 
It is a result of comparison between two groups: one who has experience photography, 
architecture and art and another group who has not. In the calligraphy room, varying from 
whether individuals who have experienced the cultural art or not, yellow-green(6) had t-
value of 2.769, pink(15) had t-value of -3.032, grey(3) had t-value of -3.030, grey( ) had t-
value of -3. 8, and grey(5) had t-value of -2.9 8. There was less than 0.01 of difference 
in significance level. Moreover, Reddish purple(5) had t-value of 2.5 6, pink(5) had t-
value of -2.311, pink(1 ) had t-value of -2.361, grey(1) had t-value of -2.127, grey(8) had 
t-value of -2.330, grey(11) had t-value of -2.139, grey(12) had t-value of -2.198, grey(13) 
had t-value of -2.127, and grey(1 ) had t-value of -2.031. There was less than 0.05 of 
difference in significance level. In total of 1  categories of yellow-green, purple, pink and 
grey, statistically difference was demonstrated between the two groups. 

4. RESUL S N  ISCUSSION 
Based on the advanced technology statistical analysis result, color sensibility vocabulary 
properties are demonstrated in sensibility evaluation. ocabularies show vocabularies that 
have the average value of 6-7 for each color and is in descending order. For colors that do 
not have numbers higher than 6 demonstrate vocabularies that fall in to the high values. 
Furthermore, they are vocabularies that are evaluated in educational spaces that  
sensibility properties each color has. 
Based on the result of independent sample T-test analysis conducted to analyze sensibility 
between the group who has cultural art experience and another group who does not have 
the experience, there were total of 1  differences in sensibility vocabulary in yellow-green, 
reddish purple, pink and grey. Especially, there was major difference in sensibility 
vocabulary for grey. 
For the group who has no cultural art experience, yellow-green was described as Cold  
when the group who has cultural art experience described the color as Warm . More 
individuals in the group who has no cultural art experience felt Pleasant  for color reddish 
purple. Moreover, for pink, the group who has no cultural art experience felt Pleasant , 
Light  and Confident . Lastly, for grey, the group who has no cultural art experience felt 
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Happy , Comfortable , Pleasant  and Influential  whereas the group who has the 
experience felt Not Happy , Tense , Unpleasant  and Influenced . Many individuals in 
the group who has no experience felt Stable  and Calm . Additionally, whereas the group 
who has no cultural experience showed medium value in sensibility evaluation of Active-
Static , bright-Dark  and Light-Heavy , the group who has the experience felt Static , 
Dark  and Heavy . Lastly, in yellow-red, green and purple, there was no difference in all 

evaluation vocabulary categories. 

. CONCLUSIONS 

In this research, sensibility vocabulary evaluation is conducted among senior citizens 
based on different colors applied to cultural art education space. The evaluation is used to 
analyze the influence of cultural art education space on senior citizens  sensibility. 
Research result can be summarized as following: 
First, according to the preliminary survey and main study result, in indoor spaces, wall 
color is the most influential part of the space that allows one to recognize the space and 
delivers sensibility.  
Secondly, yellow and black are colors that deliver most sensibilities described in color 
sensibility vocabularies. Whereas individuals feel positive emotions towards the color 
yellow, individuals feel negative emotions towards black. Each color sensibility 
vocabulary is determined as indoor space color properties.  
Third, according to the T-test analysis result, the sensibility derived from color is different 
in individuals who have experienced cultural art and individuals who have not. Hence, at 
this point, where the number of cultural art educational spaces for senior citizens and 
related programs are gradually increasing, sensibility of the users should be incorporated in 
designing cultural art education spaces. 
The result of this research proposes conclusions that can improve the cultural art education 
quality and help design indoor spaces. This is expected to lead to bring positive influence 
to senior citizens who utilize cultural art education spaces and improve the leisure life 
satisfactory level. Additionally, government and municipal groups should establish various 
and appropriate spatial color plan, improve cultural art educational space facilities and 
allow planning color palette plans according to spatial properties.  
Thus far, research results that demonstrates sensibilities that senior citizens feel according 
to different indoor spaces and educational space properties have been gathered. In the 
future, emotional sensibility will be evaluated through color experiences in various cultural 
art education spaces. Research result as such is expected to prove importance of color as 
environmental factor in senior citizens facility evaluation category. Furthermore, as a 
follow-up research, systematic color model development and utilization measure 
researches will be needed for senior citizen s cultural art educational space. 
. 
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VXUIDFH� �L�H�� FRORXU�� PDWHULDO�� ZLQGRZ� VKDSH��� 6HYHUDO� SUHYLRXV� VWXGLHV� KDYH� EHHQ�
FRQGXFWHG� RQ� H[WHULRU� FRORXU� DQG� LWV� HIIHFW� RQ� WKH� RYHUDOO� LPSUHVVLRQ� RI� D� EXLOGLQJ�� 7KH�
LPSUHVVLRQ� RI� H[WHULRU� FRORXU� DQG� LPSUHVVLRQ� RI� FRORXU� LWVHOI� DUH� HYDOXDWHG� E\� WKH� VDPH�
IDFWRUV²WKH�HYDOXDWLRQ�IDFWRU��DFWLYLW\�IDFWRU��DQG�ZDUPWK�IDFWRU��

5HJDUGLQJ� FRORXU�� WKH� HYDOXDWLRQ� IDFWRU� LV� UHODWHG� WR� FKURPD�� DFWLYLW\� IDFWRU� LV� UHODWHG� WR�
YDOXH��DQG�ZDUPWK�IDFWRU�LV�UHODWHG�WR�KXH��,Q�UHFHQW�\HDUV��WKHUH�KDV�EHHQ�DQ�LQFUHDVH�LQ�WKH�
W\SH�RI�H[WHULRU�PDWHULDOV�DYDLODEOH� IRU�XVH��VXFK�DV�JORVV\�PDWHULDOV�RU�D�GLIIHUHQW�FRORXU�
IRU� WKH� MRLQWV�EHWZHHQ� WLOHV��ZKLFK� LQIOXHQFH� DSSHDUDQFH�� ,Q� DGGLWLRQ��ZLQGRZ� VKDSH� DOVR�
DIIHFWV�WKH�LPSUHVVLRQ��,Q�WKLV�VWXG\��FRORXU��PDWHULDO��DQG�ZLQGRZ�VKDSH�ZHUH�VHOHFWHG�DV�
HOHPHQWV� WKDW� DIIHFW� WKH� YLVXDO� LPSUHVVLRQ� RI� D� EXLOGLQJ¶V� DSSHDUDQFH�� 7KH� VWUHQJWK� RI�
LPSDFW�WKDW�WKHVH�HOHPHQWV�KDYH�RQ�LPSUHVVLRQ��DQG�WKH�PXWXDO�UHODWLRQVKLSV�DPRQJ�WKHP��
KDV�QRW�EHHQ�PDGH�FOHDU�LQ�SUHYLRXV�VWXGLHV��WKXV��WKLV�VWXG\�VHHNV�WR�LOOXVWUDWH�WKH�H[WHQW�WR�
ZKLFK�WKHVH�HOHPHQWV�LPSDFW�WKH�LPSUHVVLRQV�RI�D�EXLOGLQJ¶V�DSSHDUDQFH��
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,PSUHVVLRQV�RI�EXLOGLQJV�GHULYHG�IURP�WKH�FRPELQHG�
HIIHFWV�RI�H[WHULRU�FRORXU��PDWHULDO��DQG�ZLQGRZ�VKDSH�

.D]XPL�1$.$<$0$���0DVDWR�6$72��

��1RQH�
��'LYLVLRQ�RI�(QYLURQPHQWDO�6FLHQFH��.\RWR�3UHIHFWXUDO�8QLYHUVLW\�

$%675$&7�
([WHUQDO� DSSHDUDQFH� LV� GHWHUPLQLQJ� IDFWRU� LQ� WKH�RYHUDOO� LPSUHVVLRQ�RI� D�EXLOGLQJ�� DQG� LV�
JUHDWO\� DIIHFWHG� E\� WKH� EXLOGLQJ¶V� DUFKLWHFWXUDO� VXUIDFHV�� 7KLV� VWXG\� IRFXVHV� RQ� FRORXU��
PDWHULDO�� DQG�ZLQGRZ�VKDSH�DV�HOHPHQWV� WKDW�DIIHFW� WKH�YLVXDO� LPSUHVVLRQ�RI� D�EXLOGLQJ¶V�
DSSHDUDQFH� WR� XOWLPDWHO\� XQGHUVWDQG� WKH� H[WHQW� WR� ZKLFK� WKH\� LPSDFW� LPSUHVVLRQV� RI� D�
EXLOGLQJ¶V� DSSHDUDQFH�� $� VHULHV� RI� H[SHULPHQWV� ZDV� FRQGXFWHG� WR� GHWHUPLQH� LPSUHVVLRQV�
GHULYHG�IURP�VXUIDFH�GHVLJQV�RI�DQ�RIILFH�EXLOGLQJ�XVLQJ�WKH�VHPDQWLF�GLIIHUHQWLDO�PHWKRG��
7KH�SDUDPHWHUV�ZHUH�H[WHULRU�FRORXU��PDWHULDOV�XVHG��DQG�ZLQGRZ�VKDSH��,Q�DOO�����FRORXUV�
ZHUH�VHOHFWHG�IURP�WKH�0XQVHOO�&RXORU�6\VWHP��DQG�WKUHH�W\SHV�RI�PDWHULDOV�ZHUH�VHOHFWHG�
IURP�FRPPRQO\�XVHG�H[WHULRU�PDWHULDOV�LQ�-DSDQHVH�RIILFH�EXLOGLQJV��7ZR�W\SHV�RI�ZLQGRZ�
VKDSHV�ZHUH�VHOHFWHG�IURP�FRPPRQO\�XVHG�H[WHULRU�GHVLJQV�RI�RIILFH�EXLOGLQJV��,Q�RUGHU�WR�
GLVSOD\�WKHVH�HOHPHQWV�WR�WKH�VWXG\�SDUWLFLSDQWV������SHUVSHFWLYHV�RI�EXLOGLQJV�ZHUH�FUHDWHG�
DV�VWLPXOL��XVLQJ�D�FRPSXWHU�JUDSKLFV�SURJUDP��(YDOXDWLRQV�ZHUH�VRXJKW�IURP����REVHUYHUV�
XVLQJ� ��� VHPDQWLF� GLIIHUHQWLDO� UDWLQJ� VFDOHV�� ,PDJH� SURILOHV� ZHUH� WKHQ� GUDZQ� XVLQJ� WKH�
DYHUDJH�RI�HDFK�VWLPXOXV�IURP�WKH�UHVXOWV�RI�WKH�H[SHULPHQWV��7KUHH�IDFWRUV²µHYDOXDWLRQ¶��
µSRWHQF\¶�� DQG� µZDUPWK¶²ZHUH� H[WUDFWHG� DQG� FDQ� EH� FKDUDFWHUL]HG� E\� WKH� DERYH�
SDUDPHWHUV��$Q�LPSUHVVLRQ�HYDOXDWLRQ�ZDV�GHWHUPLQHG�E\�WKH�HIIHFW�RI�WKH�FRPELQDWLRQ�RI�
WKHVH� HOHPHQWV�� KRZHYHU�� DFFRUGLQJ� WR� WKH� IDFWRU� VFRUHV�� WKH� LPSDFW� IURP� LPSUHVVLRQV� RI�
FRORXU��PDWHULDO��DQG�ZLQGRZ�VKDSH�ZDV�QRW�D�FRQVWDQW�WUHQG��7KH�UHVXOWV�RI�WKLV�VWXG\�VKRZ�
WKDW�FRORXU�LV�WKH�PRVW�DIIHFWLYH�HOHPHQW�ZLWK�UHVSHFW�WR�LPSUHVVLRQV�UHJDUGLQJ�DUFKLWHFWXUDO�
DSSHDUDQFH�� KRZHYHU�� EHFDXVH� PDWHULDO� DQG� ZLQGRZ� VKDSH� DOVR� KDYH� DQ� LPSDFW�� LW� LV�
LPSRUWDQW�WR�HQVXUH�WKDW�GHVLJQV�DUH�FUHDWHG�WKURXJK�D�FRPELQDWLRQ�RI�WKHVH�HOHPHQWV��

���,1752'8&7,21�
7KH�LPSUHVVLRQ�RI�DQ�DUFKLWHFWXUDO�REMHFW¶V�DSSHDUDQFH�LV�DIIHFWHG�E\�WKH�FRPSRQHQWV�RI�WKH�
VXUIDFH� �L�H�� FRORXU�� PDWHULDO�� ZLQGRZ� VKDSH��� 6HYHUDO� SUHYLRXV� VWXGLHV� KDYH� EHHQ�
FRQGXFWHG� RQ� H[WHULRU� FRORXU� DQG� LWV� HIIHFW� RQ� WKH� RYHUDOO� LPSUHVVLRQ� RI� D� EXLOGLQJ�� 7KH�
LPSUHVVLRQ� RI� H[WHULRU� FRORXU� DQG� LPSUHVVLRQ� RI� FRORXU� LWVHOI� DUH� HYDOXDWHG� E\� WKH� VDPH�
IDFWRUV²WKH�HYDOXDWLRQ�IDFWRU��DFWLYLW\�IDFWRU��DQG�ZDUPWK�IDFWRU��

5HJDUGLQJ� FRORXU�� WKH� HYDOXDWLRQ� IDFWRU� LV� UHODWHG� WR� FKURPD�� DFWLYLW\� IDFWRU� LV� UHODWHG� WR�
YDOXH��DQG�ZDUPWK�IDFWRU�LV�UHODWHG�WR�KXH��,Q�UHFHQW�\HDUV��WKHUH�KDV�EHHQ�DQ�LQFUHDVH�LQ�WKH�
W\SH�RI�H[WHULRU�PDWHULDOV�DYDLODEOH� IRU�XVH��VXFK�DV�JORVV\�PDWHULDOV�RU�D�GLIIHUHQW�FRORXU�
IRU� WKH� MRLQWV�EHWZHHQ� WLOHV��ZKLFK� LQIOXHQFH� DSSHDUDQFH�� ,Q� DGGLWLRQ��ZLQGRZ� VKDSH� DOVR�
DIIHFWV�WKH�LPSUHVVLRQ��,Q�WKLV�VWXG\��FRORXU��PDWHULDO��DQG�ZLQGRZ�VKDSH�ZHUH�VHOHFWHG�DV�
HOHPHQWV� WKDW� DIIHFW� WKH� YLVXDO� LPSUHVVLRQ� RI� D� EXLOGLQJ¶V� DSSHDUDQFH�� 7KH� VWUHQJWK� RI�
LPSDFW�WKDW�WKHVH�HOHPHQWV�KDYH�RQ�LPSUHVVLRQ��DQG�WKH�PXWXDO�UHODWLRQVKLSV�DPRQJ�WKHP��
KDV�QRW�EHHQ�PDGH�FOHDU�LQ�SUHYLRXV�VWXGLHV��WKXV��WKLV�VWXG\�VHHNV�WR�LOOXVWUDWH�WKH�H[WHQW�WR�
ZKLFK�WKHVH�HOHPHQWV�LPSDFW�WKH�LPSUHVVLRQV�RI�D�EXLOGLQJ¶V�DSSHDUDQFH��

�

�

���(;3(5,0(17$/�0(7+2'�
$� VHULHV� RI� H[SHULPHQWV� ZDV� FRQGXFWHG� WR� GHWHUPLQH� LPSUHVVLRQV� GHULYHG� IURP� VXUIDFH�
GHVLJQV�RI�DQ�RIILFH�EXLOGLQJ�XVLQJ�WKH�VHPDQWLF�GLIIHUHQWLDO�PHWKRG��7KH�SDUDPHWHUV�ZHUH�
H[WHULRU� FRORXU�� PDWHULDOV� XVHG�� DQG� ZLQGRZ� VKDSH�� 7ZHQW\�QLQH� FRORXUV� ZHUH� VHOHFWHG�
IURP�WKH�0XQVHOO�&RORU�6\VWHP��VHH�7DEOH�����DQG�WKUHH�W\SHV�RI�PDWHULDOV�DQG�WZR�W\SHV�RI�
ZLQGRZ� VKDSHV� ZHUH� VHOHFWHG� IURP� � FRPPRQO\� XVHG� H[WHULRU� PDWHULDOV� XVHG� LQ� QHZHU�
-DSDQHVH�RIILFH�EXLOGLQJV��

7DEOH����$VVLJQHG�FRORXUV��
+XH� 9DOXH／&KURPD� +XH� 9DOXH／&KURPD� +XH� 9DOXH�

�5� ���� ����� ���� � �%*� ���� ���� � 1� �� ��

�<5� ���� ����� ���� ���� �%� ���� ���� ���� � � �

�<� ���� ����� ���� ����� �3%� ���� ���� � � � �

�*<� ���� ���� ���� � �3� ���� ���� � � � �

�*� ���� ����� � � �53� ���� ���� � � � �

7KH� WKUHH� W\SHV�RI�PDWHULDOV�ZHUH�PRUWDU��SRUFHODLQ� WLOH�� DQG�PHWDO�SDQHO��:LQGRZ�VKDSH�
LQFOXGHG�D� VLQJOH�ZLQGRZ�DQG�D� UHDP�ZLQGRZ�� ,Q� RUGHU� WR� GLVSOD\� WKHVH� HOHPHQWV� WR� WKH�
VWXG\�SDUWLFLSDQWV������SHUVSHFWLYHV�RI�EXLOGLQJV�ZHUH�FUHDWHG�DV�VWLPXOL��XVLQJ�D�FRPSXWHU�
JUDSKLFV� SURJUDP�� 7KH� VKDSH� RI� WKH� H[DPSOH� EXLOGLQJ� ZDV� D� VLPSOH� IRUP�� ZLWK� ZLQGRZ�
VKDSHV� VHW� DQG� H[WHULRU� PDWHULDOV� UHQGHUHG� LQ� WKH� VXUIDFH� FRORXU� ZKLWH� �1������ )LJXUH� ��
VKRZV� WKH� LPDJHV� RI� WKH� UHQGHUHG� EXLOGLQJ� LQ� WZR� GLPHQVLRQV�� 8VLQJ� WKHVH� WZR�
GLPHQVLRQDO� LPDJHV��FRORXU�VLPXODWLRQV�ZHUH�FDUULHG�RXW� WR�FKDQJH�RQO\�ZDOO�FRORXU��7KH�
VWLPXOL�ZHUH� SUHVHQWHG� WR� SDUWLFLSDQWV� RQ� D� ���LQFK�&57� GLVSOD\� DW� UDQGRP�� (YDOXDWLRQV�
ZHUH�VRXJKW�IURP����REVHUYHUV�XVLQJ����VHPDQWLF�GLIIHUHQWLDO�VHYHQ�SRLQW�UDWLQJ�VFDOHV��

� 0DWHULDO���� 0DWHULDO���� 0DWHULDO����
0RUWDU� 3RUFHODLQ�WLOH� 0HWDO�SDQHO�

:LQGRZ���

6LQJOH�

ZLQGRZ�
� � �

:LQGRZ���

5HDP��

ZLQGRZ�
� � �

)LJXUH����&*�LPDJHV��

���5(68/76�$1'�',6&866,21�

����6HPDQWLF�'LIIHUHQWLDO�5DWLQJ�
,PDJH� SURILOHV� ZHUH� GUDZQ� XVLQJ� WKH� DYHUDJH� RI� HDFK� VWLPXOXV� IURP� WKH� UHVXOWV� RI� WKH�
H[SHULPHQWV�� )LJXUH� �� VKRZV� WKH� LPDJH� SURILOHV� RI� WKH� �<� SDWWHUQ� �PRUWDU� DQG� VLQJOH�
ZLQGRZ�� ZKLFK� LV� XVHG� ZLWK� D� ODUJH� QXPEHU� RI� FRORXUV� LQ� DUFKLWHFWXUDO� ZDOOV�� 7KH�
LPSUHVVLRQV�ZHUH�GLIIHUHQW�DFFRUGLQJ�WR�WKH�GHJUHH�RI�YDOXH�RU�FKURPD�XQGHU�WKH�VDPH�KXH��
)RU� H[DPSOH�� �<���� LV� D� FRPPRQO\� XVHG� FRORXU� RQ� EXLOGLQJ� H[WHULRUV� LQ� -DSDQ�� DQG� WKH�
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LPSUHVVLRQV� ZHUH� µQDWXUDO¶� DQG� µIULHQGO\¶�� ,Q� DGGLWLRQ�� WKH� LPSUHVVLRQV� RI� �<���� ZHUH�
µQDWXUDO¶� DQG� µVREHU¶�� DQG� WKH� LPSUHVVLRQV� RI� �<����� ZHUH� µUXUDO¶� DQG� µXQIDVKLRQDEOH¶��
�<�����LV�D�YLYLG�\HOORZ��DQG�LWV�LPSUHVVLRQV�ZHUH�µWLUHG¶�DQG�µLJQREOH¶��,Q�WKH�FDVH�RI�WKH�
VDPH� KXH�� DV� YDOXH� LQFUHDVHG�� WKH� LPSUHVVLRQV� ZHUH� HLWKHU� µEULJKWHU¶� RU� µSDOHU¶�� DQG� DV�
FKURPD� LQFUHDVHG�� WKH� LPSUHVVLRQV� FKDQJHG� WR� EH�PRUH� µG\QDPLF¶� DQG� µKHURLF¶�� )LJXUH� ��
VKRZV�WKH�HIIHFW�RI�WKH�ZLQGRZ�VKDSH�RU�PDWHULDOV�XVHG�LQ�WKH�FDVH�RI�WKH�LPDJH�SURILOH�IRU�
�<����� ,Q� WKLV� ILJXUH�� WKH� FDVH� RI� PRUWDU� DQG� VLQJOH� ZLQGRZ� LQGLFDWHV� ��� DQG� GLIIHUHQFH�
YDOXH�RI�WKH�RWKHU�FDVHV�LV�VKRZQ��,Q�)LJXUH����WKH�GHJUHH�RI�FKDQJH�RI�WKH�LPSUHVVLRQV�LV�
QRW�ODUJH�FRPSDUHG�WR�)LJXUH����,Q�DGMHFWLYH�SDLUV�VXFK�DV�µHOHJDQW�LQHOHJDQW¶��GHSHQGLQJ�RQ�
WKH�ZLQGRZ�VKDSH�RU�WKH�PDWHULDOV��HYDOXDWLRQ�WRJJOHG�EHWZHHQ�SRVLWLYH�DQG�QHJDWLYH��2Q�
WKH� RWKHU� KDQG�� DGMHFWLYH� SDLUV� VXFK� DV� µRULJLQDWLYH¶�� µVDWLVIDFWRU\¶� VKRZHG� DOPRVW� QR�
FKDQJH�� 7KDW� LV�� LQ� UHJDUG� WR� VRPH� DGMHFWLYH� SDLUV�� LPSUHVVLRQV� ZHUH� RIWHQ� DIIHFWHG� E\�
ZLQGRZ� VKDSHV� RU� WKH� PDWHULDOV�� )RFXVLQJ� RQ� WKH� PDWHULDOV�� LPSUHVVLRQV� RI� PRUWDU� ZHUH�
µEULJKW¶� DQG� µFDVXDO¶�� LPSUHVVLRQV� RI� PHWDO� SDQHOV� ZHUH� µUHIUHVKLQJ¶� DQG� µXUEDQ¶�� DQG�
LPSUHVVLRQV�RI� WLOH�ZHUH� µIULHQGO\¶�DQG�µWDVWHIXO¶��:KHQ�FRPSDULQJ� WKH� UHDP�ZLQGRZ�DQG�
VLQJOH�ZLQGRZ��LPSUHVVLRQV�RI�UHDP�ZLQGRZ�WHQGHG�WR�EH�µFROG¶�DQG�µFDVXDO¶��

�������� �
)LJXUH����,PDJH�3URILOHV����<��0RUWDU��6LQJOH�������)LJXUH����,PDJH�3URILOHV����<�����

����(YDOXDWLRQ�RI�7ROHUDQFH�
8VLQJ�IDFWRU�DQDO\VLV�� WKH�VHPDQWLF�GLIIHUHQWLDO� UDWLQJ�GDWD�ZHUH�VHSDUDWHO\�DQDO\VHG��ZLWK�
WKH�IDFWRU�ORDGLQJ�RI�HDFK�VFDOH�VKRZQ�LQ�7DEOH����7KUHH�IDFWRUV²µHYDOXDWLRQ¶��µSRWHQF\¶��
DQG� µZDUPWK¶²ZHUH� H[WUDFWHG� IURP� WKH� UHVXOWV� RI� WKLV� IDFWRU� DQDO\VLV�� ,Q� WKH� ILUVW� IDFWRU�
�HYDOXDWLRQ���WKH�KLJKHVW�VFRUHV�ZHUH�REWDLQHG�LQ�WKH�FDVHV�RI�DFKURPDWLF�DQG�ORZ�FKURPD�
FRORXUV��ZKLOH� IDFWRU�VFRUHV�ZHUH� ORZ�LQ� WKH�KLJK�FKURPD�FRORXUV��&RPSDULQJ�DPRQJ� WKH�
GLIIHUHQW�KXHV�� WKH�IDFWRU�VFRUH�ZDV�ORZHVW� LQ��3��7KH�PDWHULDOV�DQG�ZLQGRZ�VKDSHV�ZHUH�
QRW�DV�FOHDUO\�DIIHFWHG�E\�WKH�IDFWRU�VFRUHV��7KH�VHFRQG�IDFWRU��SRWHQF\��ZDV�LQIOXHQFHG�E\�
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LPSUHVVLRQV� ZHUH� µQDWXUDO¶� DQG� µIULHQGO\¶�� ,Q� DGGLWLRQ�� WKH� LPSUHVVLRQV� RI� �<���� ZHUH�
µQDWXUDO¶� DQG� µVREHU¶�� DQG� WKH� LPSUHVVLRQV� RI� �<����� ZHUH� µUXUDO¶� DQG� µXQIDVKLRQDEOH¶��
�<�����LV�D�YLYLG�\HOORZ��DQG�LWV�LPSUHVVLRQV�ZHUH�µWLUHG¶�DQG�µLJQREOH¶��,Q�WKH�FDVH�RI�WKH�
VDPH� KXH�� DV� YDOXH� LQFUHDVHG�� WKH� LPSUHVVLRQV� ZHUH� HLWKHU� µEULJKWHU¶� RU� µSDOHU¶�� DQG� DV�
FKURPD� LQFUHDVHG�� WKH� LPSUHVVLRQV� FKDQJHG� WR� EH�PRUH� µG\QDPLF¶� DQG� µKHURLF¶�� )LJXUH� ��
VKRZV�WKH�HIIHFW�RI�WKH�ZLQGRZ�VKDSH�RU�PDWHULDOV�XVHG�LQ�WKH�FDVH�RI�WKH�LPDJH�SURILOH�IRU�
�<����� ,Q� WKLV� ILJXUH�� WKH� FDVH� RI� PRUWDU� DQG� VLQJOH� ZLQGRZ� LQGLFDWHV� ��� DQG� GLIIHUHQFH�
YDOXH�RI�WKH�RWKHU�FDVHV�LV�VKRZQ��,Q�)LJXUH����WKH�GHJUHH�RI�FKDQJH�RI�WKH�LPSUHVVLRQV�LV�
QRW�ODUJH�FRPSDUHG�WR�)LJXUH����,Q�DGMHFWLYH�SDLUV�VXFK�DV�µHOHJDQW�LQHOHJDQW¶��GHSHQGLQJ�RQ�
WKH�ZLQGRZ�VKDSH�RU�WKH�PDWHULDOV��HYDOXDWLRQ�WRJJOHG�EHWZHHQ�SRVLWLYH�DQG�QHJDWLYH��2Q�
WKH� RWKHU� KDQG�� DGMHFWLYH� SDLUV� VXFK� DV� µRULJLQDWLYH¶�� µVDWLVIDFWRU\¶� VKRZHG� DOPRVW� QR�
FKDQJH�� 7KDW� LV�� LQ� UHJDUG� WR� VRPH� DGMHFWLYH� SDLUV�� LPSUHVVLRQV� ZHUH� RIWHQ� DIIHFWHG� E\�
ZLQGRZ� VKDSHV� RU� WKH� PDWHULDOV�� )RFXVLQJ� RQ� WKH� PDWHULDOV�� LPSUHVVLRQV� RI� PRUWDU� ZHUH�
µEULJKW¶� DQG� µFDVXDO¶�� LPSUHVVLRQV� RI� PHWDO� SDQHOV� ZHUH� µUHIUHVKLQJ¶� DQG� µXUEDQ¶�� DQG�
LPSUHVVLRQV�RI� WLOH�ZHUH� µIULHQGO\¶�DQG�µWDVWHIXO¶��:KHQ�FRPSDULQJ� WKH� UHDP�ZLQGRZ�DQG�
VLQJOH�ZLQGRZ��LPSUHVVLRQV�RI�UHDP�ZLQGRZ�WHQGHG�WR�EH�µFROG¶�DQG�µFDVXDO¶��

�������� �
)LJXUH����,PDJH�3URILOHV����<��0RUWDU��6LQJOH�������)LJXUH����,PDJH�3URILOHV����<�����

����(YDOXDWLRQ�RI�7ROHUDQFH�
8VLQJ�IDFWRU�DQDO\VLV�� WKH�VHPDQWLF�GLIIHUHQWLDO� UDWLQJ�GDWD�ZHUH�VHSDUDWHO\�DQDO\VHG��ZLWK�
WKH�IDFWRU�ORDGLQJ�RI�HDFK�VFDOH�VKRZQ�LQ�7DEOH����7KUHH�IDFWRUV²µHYDOXDWLRQ¶��µSRWHQF\¶��
DQG� µZDUPWK¶²ZHUH� H[WUDFWHG� IURP� WKH� UHVXOWV� RI� WKLV� IDFWRU� DQDO\VLV�� ,Q� WKH� ILUVW� IDFWRU�
�HYDOXDWLRQ���WKH�KLJKHVW�VFRUHV�ZHUH�REWDLQHG�LQ�WKH�FDVHV�RI�DFKURPDWLF�DQG�ORZ�FKURPD�
FRORXUV��ZKLOH� IDFWRU�VFRUHV�ZHUH� ORZ�LQ� WKH�KLJK�FKURPD�FRORXUV��&RPSDULQJ�DPRQJ� WKH�
GLIIHUHQW�KXHV�� WKH�IDFWRU�VFRUH�ZDV�ORZHVW� LQ��3��7KH�PDWHULDOV�DQG�ZLQGRZ�VKDSHV�ZHUH�
QRW�DV�FOHDUO\�DIIHFWHG�E\�WKH�IDFWRU�VFRUHV��7KH�VHFRQG�IDFWRU��SRWHQF\��ZDV�LQIOXHQFHG�E\�

�

�

YDOXH��REVHUYHG�DV�KLJK�YDOXH� VWLPXOL� WKDW�ZHUH� HYDOXDWHG�KLJKHU� WKDQ�RWKHUV��&RPSDULQJ�
KXH�IDFWRU�VFRUHV�UHYHDOV�D�KLJKHU� WHQGHQF\�LQ��3�DQG��*<��7KH�VFRUH�ZDV�KLJKHVW� LQ� WKH�
FDVHV� RI� WKH� PHWDO� SDQHOV�� 7KH� WKLUG� IDFWRU� �ZDUPWK�� LOOXVWUDWHG� ZKHWKHU� WKH� FRROQHVV� RU�
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Analysis of Current Colors of Native Plants Growing Naturally in 
Korea

Yoosun KIM, S eran  Saet   an  Sangeun SHIN 
Sa m oo  ni er it  n ironmenta  reen e ign e earc  n tit te

ABSTRACT
t o g  t ere are n mero  maga ine  an  ecia t  ication  co ering a range o  ant  

rom o iage ant  to i  o er  ant co or  are o ten mi n er too  t o g  co or at a e  or 
t e e ign fie  a e een e e o e  t e  are imite  in t eir a ica i it  to ant  e S co or 
c art i e   t e o a  ortic t re Societ  i  e  a  t e tan ar  or c a i ing o er co or  

 a ting c roma an  rig tne  a e  on rinci e e  t o g  t e S co or c art i  e  
in orea or c a ification o  ant co or  it  ecificit  or riti  o er  imit  it  a ica i it  to 

orean i  ant   it i  not genera i e  in t e or inar  omain ot er t an ant ma or  it i  ar  
to are in ormation in ot er fie  e ce t or t e re e ant fie  n a ition  t ere are imit  in term  o  
eri era  tem erat re  mi it  ig t con ition  an  ecti e erce tion o  co or  

i  re earc  trie  to e e o  an o ecti e an  rationa  tan ar  co or at a  or nati e ant  
gro ing nat ra  in orea

rom e r ar   to an ar   i  ant  ere otogra e  ing o orc ec er 
Pa ort Stan ar  o orc i  an  co or  ere e tracte  ing t e ig troom rogram  n ana ing 
nati e ant   ea on  a tota  o   co or a e  ere e tracte  an  e o  reen o e  t e 

ig e t e traction it   o   co or  e tracte  in t e ring  o o e   e o  it   
e tracte  in t e ring   t e  co or  e tracte  in t e mmer  e o  reen o e  t e ig e t 
e traction at  an  e o  o e   range an  e i  P r e ere  re ecti e  

 t e eig t co or  e tracte  in t e a  e o  reen an  e o  o e  e traction  at  an  
P r e an  e i  P r e at  re ecti e  n t e inter  nati e ant  i ernate  an  ere 
not e tracte  a e  on t i  re earc  t e a ai a i it  o  nat ra  co or  i  increa e  St ie  on co or 
at a e  on ant  in orea o  e con cte
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ABSTRACT 
t o g  t ere are n mero  maga ine  an  ecia t  ications covering a range of 
ant  rom o iage ant  to i  o er  ant co or  are o ten mi n er too  t o g  

co or at a e  or t e e ign ie  a e een e e o e  t e  are imite  in t eir a ica i it  
to ant  e S co or c art i e   t e o a  ortic t re Societ  i  e  a  t e 
tan ar  or c a i ing o er co or   a ting c roma an  rig tne  a e  on 
rinci e e  t o g  t e S co or c art i  e  in orea or c a i ication o  ant 

co or  it  eci icit  or riti  o er  imit  it  a ica i it  to orean i  ant   it 
is not generalized in the ordinary domain other than  ant ma or  it i  ar  to are 
information in other fields except for the relevant field. In addition, there are limits in 
terms of peri era  tem erat re  mi it  ig t con ition  an  ecti e erce tion o  
co or  i  re earc  trie  to e e o  an o ecti e an  rationa  tan ar  co or at a  or nati e 

ant  gro ing nat ra  in Korea. 

rom e r ar   to an ar   i  ant  ere otogra e  ing o orc ec er 
Pa ort Stan ar  o orc i  an  co or  ere e tracte  ing t e ig troom rogram  n 
ana ing nati e ant   ea on  a tota  o   co or a e  ere e tracte  an  e o  

reen o e  t e ig e t e traction yield it   o   co or  e tracte  in t e ring  
o o e   e o  it   e tracte  in t e ring   t e  co or  e tracte  in t e 

mmer  e o  reen o e  t e ig e t e traction yield at  erea  e o  
o e   and range an  e ish Purple ot  o e    t e eig t co or  

e tracte  in t e a  e o  reen an  e o  o e  extration yields of  erea  
P r e an  e i  P r e ot  o e   n t e inter  nati e ant  i ernate  an  

ere not e tracte  a e  on t i  re earc  t e a ai a i it  o  nat ra  co or  i  increa e  
St ie  on co or at a e  on ant  in orea o  e con cte  

1. INTRODUCTION 

1.1 Purpose and Implication of the Research 
Nati e orean ant  are a  ant  t at e i t an  gro  nat ra  in mountains and fields of 
Korea. A large variety of plants are categorized as native Korean plants, including endemic 
plant species that only exist in Korea n  n , Nakai reported that there are 

 ecie  o  nati e orean ant  an  o er  more ecie  o  nati e orean ant  
a e een i co ere  ince t en  inc ing  orean ecia  ecie  ee  oon 

 orea i  a enin a in t e nort ern emi ere tem erat re region a te  to t e 
o t  o  ina an  rro n e   t e ocean on t e ea t  e t, an  o t  ic  mean  

there is a com arati e  i er ariet  o  nati e ant  com are  to ot er co ntrie  oo 
 n t i  era o  g o a i ation  e e o ment o  nati e ant  ic  a e c imate an  

cultural specificity, is essential  . on e ent  t ere are man  recent t ie  on 
native plants. A  e  a  their ph io og  an  gro t e e o ment, including thier a itat 
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environments ee , category and ecology eong , cultivation a , and 
ree ing oo . Yet, there is still a lack of research on the color of native plants, such 

a  taina i it  o  nat ra  ant e tract  Par   and applica i it  of fruit colors from 
native plants im . There are also many i erent aria e  affecting colors, 
including surrounding temperature, humidity, lighting, an  ecti e actor  in ercei ing 
colors an . Especially, plant colors are of a m c  i er ariet  t an ragmentar  
manmade colors, ic  mean  t e  can e more emotionally expressive  o e er, due to 
limitations in co ecting o ecti e ata an  a ication met o s thereof, the full range of 
plant colors is not eing  e  im  o or at a e  ic  are o ecti e ana i  
tools, are eing continuously  developed, For example, there are also numerous accurate 

i e  co or at a e  c  a  Seo  o or an  i e  to P ic e ign o or Stan ar  
o e er, such color atlases are  insufficient en a ie  to colors of plants. The S 
o a  ortic t re Societ  co or c art  ic  i  a color standard in the field of 

horticulture, is currently used for categorizing colors of plants in Korea. Yet, there is a 
limitation in matching co or  o  nati e orean ant  it  t e co or c art e ine  in 

ng an  it  t eir o n o er co or  im . Furthermore, such color charts are not 
i e  used in various fields other  ant ma or  ic  mean  t ere i  a difficulty in 

sharing information amog fields other than plant-relatedones   t i  t  a  
designed to prepare fundamental data for e igning an o ecti e an  rea ona e tan ar  
color chart for Korean native plants. 

2. METHODS 

2.1 Research Target and Range 
o ana e co or  o  nati e orean ant  a tota  n m er o   ant  ere e ecte  

through relevant research references oon , advice from three professional florists, 
an  oca  in e tigation  a  o o   ecie  t at oom in ring   t at oom in 

mmer  an  i  t at oom in a t mn  

2.2 Experimental Procedure 

2.2.1 Investigation Method for Colors of Native Plants 
From e r ar  o   to an ar  o   ict re  o  target nati e ant  ere ta en ing 
a -  Pana onic camera  e ict re  ere ta en n er t e ame ig ting 
con ition  c ear a time at ame time range  ing a o orc ec er Pa ort Stan ar  

o or i Figure  o  - ite  ic  ro i e  tan ar  or roce ing ing co or 
modification programs Figure . n or er to acc rate  mo i  t e ite a ance  t e 
ict re  ere a e  a   i e  ae  .  
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2.2.2 Native Plants Color Analysis 
Prior to the color analysis, a monitor-mo i ication roce  a  er orme  ing t e Eye-

ne treme i  n e o  -rite in order to increase accuracy of the color reproduction 
roce  o e P oto o  ig troom  rogram a  e  to re ro ce t e origina  

co or  o  t e target  it   e ignate  a  t e tan ar   co or range ae   
an  t e image i e  a e   e orting t e ict re  ing t e o e P oto o  S  
rogram  co or coe icient  o  eac  image ere investigated Figure 3 , and the color chips 
ere ro ce  to re ro ce t e co or  a  image  Figure . Since plants have various 
attern  an  co or  i erent co or  co  e extracted from a single species im . 
ot  ac gro n  an  attern co or  ere e tracte  rom atterne  ant  an  on  t e 
ac gro n  co or a  e tracte  rom o i -co ore  ant  or a co ection o  o ecti e 
ata  t e a o e roce  a  re eate  three times. 

2.2.3 Color system of Korea Industrial Standard (KS)  
e S i  manage   t e orea ec no og  Stan ar  ociation  an  t e co or 

tan ar  are matc e  it  t e S accor ing to t e n tria  Stan ar i ation ct oon 
 e S co or tem con i t  o   a ic co or  re   yel o  re   e o  

 green e o   green  e green  e  r e e P  r e P  
and red purple P  Par  Figure .  

 
Figure 5: Basic colors of KS color system 

 
Figure 1: The Colorchecker 

Passport(Standard Colorchip)                
used in the study 

 
Figure 2: Taking pictures of the 

targets(native plants) using Colorchecker 
Passport 

 
Figure 3: Investigation of color 

coefficients(RGB) using Adobe Photoshop 
CS5 Program 

 

 
Figure 4:Creation of color image using the 

color coeffiecients(RGB) 
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3. RESULTS AND DISCUSSION 

3.1.1 Analysis of Native Plant Colors (Spring) 
 t e  ring nati e ant  a tota  o   co or coe icient  inc ing attern co or  

ere e tracte  S eci ica   gro  co or  o e  t e ig e t e traction ie  of 
 o o e    gro  co or   P gro  co or   an  P gro  co or  

 e   an    gro  co or  ere e tracte  in ma  ro ortion  
a e  

Table 1. Analysis of Native Plant Colors (Spring) 

No L* a*     H    M Y K o or 

            38   

             38  

3           38  38  

               

               

               

3.1.2 Analysis of Native Plant Colors (Summer) 
 t e  mmer nati e ant  a tota  o   co or coe icient  inc ing attern colors, 

ere e tracte  S eci ica   gro  co or  o e  t e ig e t e traction ie  o  
 o o e    gro  co or   P gro  co or   an   gro  co or  
 a e .  

Table 2. Analysis of Native Plant Colors (Summer) 

No L* a*     H    M Y K o or 

               

               

3               
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3               

               

               

               

 

 

 

3.1.3 Analysis of Native Plant Colosr (Autumn) 
Of the seven autumn native plants, a total of eight co or coe icient  ere e tracte  
S eci ica   an   gro  co or  o e  t e ig e t e traction ie  o   
o o e   P gro  co or   an  P gro  co or   a e 3 .  

Table 3. Analysis of Native Plant Colors (Autumn) 

No L* a*     H    M Y K o or 

  -              

  -              

3  -              

  -              

  -         3 3    

               

3.1.4 Analysis of Native Plant Colors (Winter) 
n inter  a  nati e ant  i ernate  o no co or  ere e tracte  

3.1.5 Integrated Native Plant Color Analysis 
 a re t o  t e ana i  o  co or  o  orean nati e ant   an   gro  co or  
o e  t e ig e t e traction ie  rom ant  in a  t ree ea on  t o g  in ma  

ro ortion  P gro  co or  ere a o found from plants in all three seasons a e . 

Table 4. Intergrated Native Plant color analysis 

o or name   Y     P  P P ota  

Season 

Spring            

Summer            

Autumn            

4. CONCLUSIONS 
o or  o  orean nati e ant  ere ana e  an  no co or  ere e tracte  rom ant  in 
inter  en a  nati e ant  i ernate  n t e t ree ot er ea on   an   gro  co or  
ere o n  in arge ro ortion  rom nati e ant  t o g  in ma  ro ortion  P 

gro  co or  ere o n  a  e  

rrent  t ere i  no co or c art or co or  o  orean nati e ant  o t i  study is 
e ecte  to increa e t e a ica i it  o  ant co or  an  can e e  a  n amenta  ata 
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for investigating Korean native plants in the future. Moreover, there is a necessity for 
continuous production of relevant research from various approaches. 
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Effects of Accent Colour on the Apparent Distance to a Wall and the 
Apparent Volume of an Interior Space: The Validation Experiment in 

an Actual Space
Wataru KAMIJO, ei i S  an  Masato SATO 

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

ABSTRACT
 ntro ction

o o r ro ce  man  c o ogica  e ect  c  a  contra t  a imi ation  a ancing  rece ing  
and area effects, among others. This study considered the advancing and receding effects of colours on 
t e a arent i tance to a a  ainte  in a ing e co o r it in an interior ace ing ca e mo e  

o e er  o e  contain man  acce orie  c  a  c rtain  in  ainting  an  o on  e e are 
perceived as accent colours in an interior space. Thus, the study also sought to evaluate the effects of 
accent co o r  on a a  it  con i eration gi en to t e a arent i tance to t e a  an  t e a arent 

o me o  t e interior ace ing ca e mo e  o e er  t e e e ect  nee  to e confirme  in t e 
actual space.

 erimenta  met o
P c o ogica  e eriment  ere con cte  in an act a  e erimenta  ace   t in  are ane  

ainte  in a ing e co o r a  ng in t e centre o  t e a
ere ere t ree e erimenta  con ition  a e  on t e ane  i e  a arge ane   erea ter 

re erre  to a   occ ie   er cent o  t e a  a mi i e  ane  erea ter re erre  to a   
occ ie   er cent o  t e a  an  a ma  ane  erea ter re erre  to a   occ ie   er cent 
o  t e a

Se en ane  co o r  ere e ecte  an   ect  a e  to e a ate t e ane  a arent 
i tance to t e a  ing a e en oint rating ca e  e  ere a o a e  to e a ate t e a arent 

volume of the room using the magnitude estimation method.
 e t
 arent i tance to t e ronta  a

or  t e a  eeme  to a ance or a  co o r  e ce t ite  e egree o  a ancement 
a  greater or arm co o r  a  e  a  or ac  an  r e  

or  t e a  eeme  to a ance or a  co o r  e egree o  a ancement a  greater 
or arm co o r

or  t e a  eeme  to a ance or a  co o r  e ce t e an  green  e egree o  
a ancement a  greater or arm co o r

 arent o me o  t e interior ace
or  t e interior ace a eare  ma  or a  co o r  e ce t ite  e egree o  

rin age a  greater or arm co o r  a  e  a  or ac  an  r e  
e a e  o   o e  a imi ar ten enc  to t o e o   o e er  t e egree o  

rin age or  a  ma er t an t at o  
or  t e interior ace a eare  ma  in re ation to arm co o r  i e it a eare  arger 

en e an  ac  ere e
 onc ion

e o o ing conc ion  ere o taine   con cting e eriment  in t e act a  ace
n term  o  t e re ence o  an accent co o r on t e a  t e a arent i tance to t e a  an  

the apparent volume of the space can vary.
e a arent i tance to t e a  an  t e a arent o me o  t e ace e en  on t e area o  t e 

accent co o r  a  e  a  it  e

 

 

Effects of Accent Colour on the Apparent Distance to a 
Wall and the Apparent Volume of an Interior Space: 

The Validation Experiment in an Actual Space 
Wataru KAMIJO, ei i S  Masato SATO, 

i i ion o  n ironmenta  Sciences, Kyoto Prefectural University 

ABSTRACT 
i  t  a  con cte  to e a ate t e e ect  o  an accent co o r on a a  a e  on t e 

a arent i tance to t e a  an  t e a arent o me o  t e interior ace  P c o ogica  
e eriment  ere con cte  in an act a  e erimenta  ace  a e  on t e re ence o  t e 
accent co o r on t e a  t e a arent i tance to t e a  an  a arent o me o  t e 
interior ace ma  ar  e  e en  on t e i e o  t e accent co o r area  a  e  a  it  

e   t e a  contain  a greater amo nt o  t e accent co o r  t e a  i  eem to 
a ance an  t e interior ace i  a ear cram e  on er e  i  t e a  contain  a 
e er amo nt o  t e accent co o r  t e egree o  t e e ect i  e ma er   

1. INTRODUCTION 
o o r  ro ce man  c o ogica  effects, such as contrast, assimilation, advancing, 

receding, and area effects, among others. The authors studied the advancing and receding 
e ect  o  t e co o r  on t e a arent i tance to a ront a  ocate  in an interior ace 
painted in a single co o r  ota  o e  contain man  acce orie  c  a  c rtain  

in  ainting  etc  e e com onent  are ercei e  a  accent co o r  in an interior 
ace   t e t  a o o g t to e a ate t e e ect  o  t e accent co o r  on a a  

considering t e a arent i tance to t e a  an  t e a arent o me o  t e interior ace 
 ing ca e mo e  o e er  a  t e e e ect  nee  to e con irme  in an act a  ace  

t i  t  e a ate  t e e ect  o  an accent co o r on a a  in an act a  e erimental 
ace  on i eration a  gi en to t e a arent i tance to t e a  an  t e a arent 

volume of the interior space. t a  o n  t at accent co o r  on a a  a e e ect  on t e 
a arent i tance to a a  an  t e a arent o me o  an act a  interior space.㻌㻌

2. EXPERIMENTAL METHOD 
P c o ogica  e eriment  ere con cte  in an act a  e erimenta  ace see ig re . 

o i tinct ace  o  t e ame i e i e  the standard space and the com ari on ace  
ere et i e  i e  e  ere separated  an N8 curtain. e a  of the spaces ere 

painted it  N8. Fluorescent lamps of high colour-ren ering t e ere in ta e  e 
a erage interior i minance e e  a  a ro imate    n e treme  t in are 
ane  ainte  in a ing e co o r a  ng in t e center o  t e a  of the comparison space. 

ere ere t ree e erimenta  con ition  a e  on t e ane  i e   a arge ane  
erea ter re erre  to a   occ ing  o  t e a   a mi - i e  ane  erea ter 

re erre  to a   occ ing  o  t e a   a ma  ane  erea ter re erre  to a  
 occ ing  o  t e a  ee ig re   tota  o  e en ane  co o r  ere 

e ecte  a e  o  t e a igne  ane  co o r   tota  o   e erimenta  attern  
ere create  e  inc e  com ination  o  e en co o r  an  ere con tr cte  it  

997
AIC2015 TOKYO - Color and Image



 

 

ane  o  t ree i erent i e  a  e  a  it o t a ane  e ect  con i te  o  t e e 
ema e  an  t o ma e  it  age ranging et een  an   e ect  a  no co o r-

vision deficiencie  e e erimenta  ane  ere ran om  re ente  to eac  ect  e 
o rteen ect  ere a e  to e a ate t e a arent i tance o  t e ront a  o  t e 

com ari on ace a e  on t eir com ari on  o  ot  ace  e com ari on  ere rate  
 ing a seven- oint rating ca e  e magnit e e timation met o  a  a o te  to 

evaluate the apparent volume of the comparison space  e ect  ere a o a e  to 
compare the ratio of the apparent o me o  t e com ari on ace it  t at o  t e tan ar  
space  o e a e a  et to  

 

 

 

 

 

 

 

Figure 1: The plan of the experimental spaces.               Figure 2: The panel sizes. 

 

Table 1. The assigned panel colour. 

㻺㻻㻚
㻯㼛㼘㼛㼡㼞㻌㼠㼑㼞㼙

㻔㻰㼑㼟㼕㼓㼚㼍㼠㼕㼛㼚㻌㼛㼒㻌㼠㼔㼑㻌㼟㼠㼡㼐㼥㻕
㻴㼡㼑 㼂㼍㼘㼡㼑 㻯㼔㼞㼛㼙㼍

㻝 㻾㻱㻰㻌㻔㻾㻕 㻡㻾 㻠 㻝㻞
㻞 㼅㻱㻸㻸㻻㼃㻌㻔㼅㻕 㻡㼅 㻤 㻝㻜
㻟 㻳㻾㻱㻱㻺㻌㻔㻳㻕 㻣㻚㻡㻳 㻡 㻤
㻠 㻮㻸㼁㻱㻌㻔㻮㻕 㻝㻜㻮 㻡 㻤
㻡 㻼㼁㻾㻼㻸㻱㻌㻔㻼㻕 㻡㻼 㻠 㻢
㻢 㻮㻸㻭㻯㻷㻌㻔㻮㼗㻕 㻺 㻞 㻙
㻣 㼃㻴㻵㼀㻱㻌㻔㼃㻕 㻺 㻥㻚㻡 㻙  

3. RESULTS AND DISCUSSION 

3.1 Apparent distance to the frontal wall 
Figure 3 s o  t e a arent i tance to t e a  or eac  co o r in eac  ane  i e  or 

 t e a  eeme  to a ance or a  t e co o r  e ce t  e egree o  
a ancement a  greater or t e arm co o r  a  e  a  or  an  P  or  t e a  
seemed to a ance or a  t e co o r  e egree o  a ancement a  greater or t e arm 
co o r  or  t e a  eeme  to a ance or a  t e co o r  e ce t  an    in t e 
re io  ca e  t e egree o  a ancement a  greater or t e arm co o r  e a es 

increased proportionally to the area of the panel. 

 o c ari  t e re ation i  et een t e a arent a  i tance an  t e e erimenta  
actor  an ana i  o  ariance a  con cte  ing t e enera  inear o e  roce re  

The experimental factors chosen ere t e e an  area o  t e ane  e e ect  o  a  t e 

 

 

 

 

㻱㻯㻡㻜 㻱㻯㻝㻜 㻱㻯㻞

㻸㻌㻝㻢㻞㻜㼙㼙㽢㻹㻌㻝㻢㻞㻜㼙㼙 㻸㻌㻣㻞㻜㼙㼙㽢㻹㻌㻣㻞㻜㼙㼙 㻸㻌㻟㻞㻜㼙㼙㽢㻹㻌㻟㻞㻜㼙㼙㻝㻢㻞㻜㽢㻝㻢㻞㻜䟚 㻣㻞㻜㽢㻣㻞㻜䟚 㻟㻞㻜㽢㻟㻞㻜䟚
㻡㻜䠂ᙬⰍ 㻝㻜䠂ᙬⰍ 㻞䠂ᙬⰍ

M

L

e ing ig  ,  

 

998
AIC2015 TOKYO - Color and Image



 

 

ane  o  t ree i erent i e  a  e  a  it o t a ane  e ect  con i te  o  t e e 
ema e  an  t o ma e  it  age ranging et een  an   e ect  a  no co o r-

vision deficiencie  e e erimenta  ane  ere ran om  re ente  to eac  ect  e 
o rteen ect  ere a e  to e a ate t e a arent i tance o  t e ront a  o  t e 

com ari on ace a e  on t eir com ari on  o  ot  ace  e com ari on  ere rate  
 ing a seven- oint rating ca e  e magnit e e timation met o  a  a o te  to 

evaluate the apparent volume of the comparison space  e ect  ere a o a e  to 
compare the ratio of the apparent o me o  t e com ari on ace it  t at o  t e tan ar  
space  o e a e a  et to  

 

 

 

 

 

 

 

Figure 1: The plan of the experimental spaces.               Figure 2: The panel sizes. 

 

Table 1. The assigned panel colour. 
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3. RESULTS AND DISCUSSION 
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actor  ere tati tica  igni icant e e  o  igni icance   ig re  o  t e 
profile plots of each significant experimental factor. With respects to the hue of the panel, 
t e ront all appeared to advance significantly for all the colours except . The degree of 
a ancement a  greater or t e arm co o r  it  re ect  to t e area o  t e ane  t e 
ront a  a eare  to a ance or a  t e i e  it  a ecrea ing egree o  a ancement 
o o ing t e or er ,   

  

 

 

 

 

Figure 3: Apparent distance to the wall for each colour in each size. 

�  

 

 

 

 

Figure 4: The profile plots of each significant experimental factor. 

3.2 Apparent volume of the interior space 
ig re  o  t e a erage a arent o me o  t e interior ace or eac  co o r in eac  
ane  i e  or  t e interior ace a eared smaller for all the colours except W. The 
egree o  rin age a  greater or t e arm co o r  a  e  a  or  an  P  e a e  

o   o e  a imi ar ten enc  to t o e o   o e er  t e egree o  rin age or 
 a  ma er t an t at o er e  or  or  t e interior ace a eare  

ma er or t e arm co o r  i e it a eare  arger en e an  ac  ere e  

 n a ition  an ana i  o  ariance a  con cte  e e ect  o  a  t e actor  ere 
tati tica  igni icant e e  o  igni icance   ig re  o  t e ro i e ot  o  

each significant experimental factor. With respects to the hue of the panel, the value of the 
interior ace a eare  igni icant  cram e  or a  t e co o r  e ce t  an   e 
degree of re triction a  greater or t e arm co o r  it  re ect  to t e area o  t e 
ane  t e a e o  t e interior ace a eare  cram e  in  an   or  the 

volume appeared e i a ent to t e tan ar  ace. 

  

 

 

 

 

Figure 5: Apparent distance to the wall for each colour in each size. 
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Figure 6: The profile plots of each significant experimental factor. 

3.3 Relationship between the apparent distance and the apparent volume 
e corre ation coe icient et een t e a arent i tance an  a arent o me a  ite 

high: . 

4. CONCLUSIONS 
e o o ing conc ion  ere o taine   con cting e eriment  in t e act a  ace  n 

re ation to t e re ence o  an accent co o r on t e a  t e a arent i tance to t e a  
and the apparent o me o  t e ace can ar  e a arent i tance to t e a  an  t e 
a arent o me o  t e ace e en  on t e area o  t e accent co o r  a  e  a  it  e   
t e a  contain  a greater amo nt o  an accent co o r  t e a  eem  to a ance an  the 
interior ace a ear  cram e  o e er  i  a co  co o r i  containe  t e a  eem  to 
recede and the interior space appears more spacious. e egree o  t e a ancement a  
greater or arm co o r  in ine it  t e erce t a  e ect re orte  in revious research. It 

a  o n  t at t e re ence o  an accent co o r on a a  in ence  t e a arent i tance 
to a a  an  t e a arent o me o  an act a  interior ace  
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Metamer Mismatching as a Measure of the Color Rendering of Lights
ami re a  an  rian 

Sc oo  o  om ting Science  Simon ra er ni er it

ABSTRACT
e ro o e a ne  met o  or e a ating t e co o r ren ering ro ertie  o  ig t  e ro o e  

met o  e  t e egree o  metamer mi matc ing or at gre  con tant re ectance o   antifie  
in term  o  t e metamer mi matc  o me in e  ro o e   og inen o et a   e tan ar   
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ABSTRACT 

We propose a new method for evaluating the colour rendering properties of lights. The 
new method uses the degree of metamer mismatching for the CIE XYZ corresponding to 
flat grey (constant reflectance of 0.5) quantified in terms of the metamer mismatch volume 
index proposed by Logvinenko et al. (Logvinenko 2014).  A major advantage of this 
method is that unlike many previous color rendering indices it does not depend on the 
properties of a chosen set of representative test objects. 

1. INTRODUCTION 

Evaluating the colour rendering properties of lights is an important issue in the lighting 
industry. It is well known that the colours of objects viewed under lights of identical 
correlated colour temperature may look very different under the different lights. Several 
color rendering indices have been used in the past. Perhaps the most widely used is the CIE 
colour rendering index CIE Ra (CIE 1995), which is based on computing the average color 
difference induced by the illuminant for a fixed set of reflectances. The CIE Ra is a color 
fidelity measure. There have also been preference-based measures such as Judd’s flattery 
index (Judd 1967) and Thornton’s colour preference index (Thornton, 1972), in which the 
focus is more on the subjective preferability of lights. More recently Smet et al. (Smet 
2010, Smet 2015) have suggested a memory-color-similarity measures, Sa and Rm (a non-
linear scaling of Sa), based on how a light affects the colors of a sample set of familiar 
objects (green apple, banana, orange, lavender, Smurf, strawberry yoghurt, sliced 
cucumber, cauliflower, Caucasian skin, sphere painted Munsell N4 grey) in comparison to 
the average subject’s memory of the colors of those objects as determined by 
psychophysical experiments.  

The CIE Ra is defined in terms of a reference illuminant and the test light being 
evaluated. For test lights of CCT less than 5000K the reference illuminant is chosen to be 
the ideal blackbody radiator of the same CCT. For test lights with CCT of 5000K or 
greater, the reference light is chosen to be the standard CIE daylight D-series illuminant of 
the same CCT. There are 8 test color samples (Munsell papers) whose color differences, 
after an adjustment for chromatic adaptation, under the test and reference lights are 
evaluated. 

The CIE Ra has been widely criticized, especially for the evaluation of LED lights. One 
of the key problems with it is that it is based on measuring the colour differences that arise 
across a small sample of 8 (sometimes generalized to 14) coloured papers. Not only may 
such a sample not represent what the colour differences for all other possible surface 
reflectances may be, it also gives manufacturers the opportunity to tune the spectra of their 
lights to perform well on the standard sample.   

Variants of metamer mismatching have been previously used as a measure of the color 
rendering of daylight simulators. In particular, the CIE Metamerism index is a measure 
based on calculating the average color difference between each of a set of reflectance pairs 
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that are initially metameric matches under the reference light but not necessarily metameric 
matches under the target light.  However, this method is limited to the specific reflectances 
used. Whitehead et al. (Whitehead 2012) extend this general idea by using a large number 
of randomly generated metameric spectra and then assessing the fraction of them that 
noticeably change colour when the illuminant changes. In contrast, the method proposed 
here is based on measuring the size of the metamer mismatch volume, which is the volume 
of colour signals (i.e., XYZs) induced under the second light by the set of all theoretically 
possible reflectances that make a metameric match under the first light.  

1. METAMER MISMATCH INDEX 

The background for the proposed measure of colour rendering is the concept of metamer 
mismatching.  Consider a colour signal XYZ (in CIE standard coordinates) observed under 
a first light. Metamer mismatching refers to the fact that the possible XYZ that might be 
observed under a second light is only constrained to lie within a convex volume of possible 
XYZ values. The size of the volume depends on the XYZ and the lights involved; 
however, the volume for the XYZ of flat grey is the largest. The metamer mismatch 
volume represents the range of possible XYZ that can arise under the second light and so 
provides a measure of how varied the XYZ under the second light can be—the less the 
variation, the better the color rendering.  

The boundary of the metamer mismatch volume can be calculated using the code of 
Logvinenko et al. (Logvinenko 2014), which finds the maximum amount of metamer 
mismatching that can occur for any given XYZ and pair of lights. Figure 1 shows an 
example of the metamer mismatch volume for the XYZ of flat grey for a change in 
illuminant from an ideal 2900K blackbody radiator to a 2900K LED. Even though the two 
illuminants are of the same CCT the metamer mismatch volume is quite large: it fills a 
sizable fraction of the entire object-color solid.  The object-colour solid is the set of all 
possible XYZ that can arise for all possible reflectance functions  ⍴(𝜆𝜆) (i.e., 0 ≤ ⍴ 𝜆𝜆 ≤
1,380 ≤ 𝜆𝜆 ≤ 780nm). The metamer mismatch volume depicted is the set of all possible 
XYZ that could arise under the second illuminant for any reflectance that is metameric to 
flat grey under the first illuminant. 

 

Figure 1: Left: Spectra of a 2900K LED (blue) and that of an ideal 2900K blackbody 
radiator (dashed red). Right: Metamer mismatch volume (for the XYZ of flat grey lit by a 
2900K blackbody) shown inside the object-colour solid of the 2900K LED for the case 
when the illuminant is changed from the blackbody to the LED. Coordinates are the CIE 
1931 XYZ space.  
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that are initially metameric matches under the reference light but not necessarily metameric 
matches under the target light.  However, this method is limited to the specific reflectances 
used. Whitehead et al. (Whitehead 2012) extend this general idea by using a large number 
of randomly generated metameric spectra and then assessing the fraction of them that 
noticeably change colour when the illuminant changes. In contrast, the method proposed 
here is based on measuring the size of the metamer mismatch volume, which is the volume 
of colour signals (i.e., XYZs) induced under the second light by the set of all theoretically 
possible reflectances that make a metameric match under the first light.  

1. METAMER MISMATCH INDEX 

The background for the proposed measure of colour rendering is the concept of metamer 
mismatching.  Consider a colour signal XYZ (in CIE standard coordinates) observed under 
a first light. Metamer mismatching refers to the fact that the possible XYZ that might be 
observed under a second light is only constrained to lie within a convex volume of possible 
XYZ values. The size of the volume depends on the XYZ and the lights involved; 
however, the volume for the XYZ of flat grey is the largest. The metamer mismatch 
volume represents the range of possible XYZ that can arise under the second light and so 
provides a measure of how varied the XYZ under the second light can be—the less the 
variation, the better the color rendering.  

The boundary of the metamer mismatch volume can be calculated using the code of 
Logvinenko et al. (Logvinenko 2014), which finds the maximum amount of metamer 
mismatching that can occur for any given XYZ and pair of lights. Figure 1 shows an 
example of the metamer mismatch volume for the XYZ of flat grey for a change in 
illuminant from an ideal 2900K blackbody radiator to a 2900K LED. Even though the two 
illuminants are of the same CCT the metamer mismatch volume is quite large: it fills a 
sizable fraction of the entire object-color solid.  The object-colour solid is the set of all 
possible XYZ that can arise for all possible reflectance functions  ⍴(𝜆𝜆) (i.e., 0 ≤ ⍴ 𝜆𝜆 ≤
1,380 ≤ 𝜆𝜆 ≤ 780nm). The metamer mismatch volume depicted is the set of all possible 
XYZ that could arise under the second illuminant for any reflectance that is metameric to 
flat grey under the first illuminant. 

 

Figure 1: Left: Spectra of a 2900K LED (blue) and that of an ideal 2900K blackbody 
radiator (dashed red). Right: Metamer mismatch volume (for the XYZ of flat grey lit by a 
2900K blackbody) shown inside the object-colour solid of the 2900K LED for the case 
when the illuminant is changed from the blackbody to the LED. Coordinates are the CIE 
1931 XYZ space.  

 

 

 

Since both the object color solid and the metamer mismatch volume change with the 
second illuminant, we consider size of the metamer mismatch volume relative to the size of 
the object color solid it generates. In particular, both scale with the intensity of the second 
illuminant. Hence, the metamer mismatch volume index (MMVI) (see Logvinenko et al., 
2014 Eq. 15 for a formal definition) for a given XYZ and a pair of illuminants is defined as 
the ratio:  

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = !"#$%&  !"  !"#  !"#$!"%  !"#!$%&'  !"#$%&  !"#  !"#  !"#$%  !""#$!%&%'  !"#$
!"#$%&  !"  !"#  !"#$%&  !"#"$  !"#$%  !"#$%  !"#  !"#$%&  !""#$!%&%'                  (1) 

Note that this ratio is also independent of any linear transformation of the color 
coordinate space and so will be the same for any LMS space obtained as a linear transform 
of CIE XYZ as for CIE XYZ itself. 

In terms of colour rendering, the larger the MMVI, the poorer the colour rendering of 
the second light relative to the first light is likely to be.  Since the MMVI is volume based, 
we find it more intuitive to consider MMVI^(1/3). The Metamer Mismatching Colour 
Rendering Index (MMCRI) is then defined as: 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = (1− 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀! )×100       (2) 

where the MMVI is for that of the XYZ of flat grey under the first illuminant. The scaling 
by 100 is simply to make its range match that of the CIE CRI Ra.  

 

4. COMPARISON TO OTHER COLOR RENDERING INDICES  
The MMCRI can be computed for any pair of illuminants as a measure of the color 
rendering properties of the second light relative to the first. However, the CIE CRI Ra for a 
light L is defined relative to an ‘ideal’ illuminant (blackbody or D-series) of the same CCT 
as L. For comparison with Ra we use the same choice of ‘ideal’ illuminant as the first 
illuminant when computing the MMCRI of L. 

 We have computed the MMCRI and CIE Ra for several light spectra across a range of 
CCTs and technologies and compared them. In particular, we measured the spectra of 
several commercially available LED lights and also used the spectra of the CIE standard 
illuminants. When plotted as in Figure 2 we see a good correlation between the two 
indices—an indication that the MMCRI behaves reasonably—but with notable differences 
for some illuminants. It is exactly such differences that the proposed new method is 
intended to reveal. In particular, we note that F11 and F12 have a high CIE Ra but a low 
MMCRI. Since F11 and F12 are both dominated by three narrowband peaks, it seems 
unlikely that their color rendering properties are very good, and this is confirmed by the 
MMCRI. 

As second test, we make use of the set of lights Smet et al. included in their paired 
comparison experiment (Smet 2010). Smet’s set contains: a halogen lamp (H), a 
fluorescent lamp approximating CIE F4 (F4), a Neodymium incandescent lamp (Nd), a 
Philips Fortimo LED module with a green filter (FG), an RGB LED lamp (RGB) and a 
LED cluster (LC) optimized to obtain a high Sa, all of which are plotted in Figure 3. The 
various color rendering measures are compared in Table 1.  
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(2b) 
FiFigure 2: (2a) The illuminant spectra used for testing: D65 (red), F3 (black), F4 (dashed 
green), F8 (dashed magenta), F11 (dashed green), F12 (dashed black), 2900K LED 
(dashed cyan), Nexus LED (dashed red) and iPhone LED (blue). (2b) CIE CRI versus 
MMCRI. 

 
Figure 3: The spectral power distributions of the six light sources (provided by Smet) and 
used for the comparison of the color rendering measures listed in Table 1. The lights (see 
text) are F4 (blue curve), FG (green), Nd (red), LC (cyan), H (purple) and RGB (black). 
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Table 1. Comparison of Color Rendering Measures. Measures include: Sa, memory color 
similarity (Smet 2010), Ra (CIE CRI), NIST CQSa Color Quality Scale (Davis 2010), and 
MMCRI (proposed metamer mismatch index). The data reported in the table for Sa, CIE 
CRI Ra and NIST CQSa are quoted from Table 2 of Smet et al. (Smet 2010, page 26235). 
The MMCRI results were computed based on the MMVs for a change from the blackbody 
radiator having the CCT of the given illuminant to the given illuminant. The lights were 
approximately equal illuminance ranging from 239 to 251 lux, and CCT ranging from 
2640 to 2878. The spectra of the lights are plotted in Figure 3.  

Light 
source 

 Sa CIE Ra NIST CQSa MMCRI 

Sa Rank Ra Rank CQSa Rank MMCRI 
(Grey) Rank 

F4 0.6672 5 52.8 5 53.9 5 55.53 5 
FG 0.7787 3 80.6 3 87.2 3 83.99 3 
Nd 0.7841 2 73.7 4 87.0 4 89.46 2 
LC 0.7899 1 81.0 2 89.0 2 74.95 4 
H 0.7662 4 99.6 1 97.2 1 99.64 1 

RGB 0.6548 6 31.9 6 50.5 6 49.30 6 
 

The results in Table 1 show a general agreement in ranking across all the methods in 
that the same lights are given ranks 3 (FG), 5 (F4), and 6 (RGB). Ra and CQSa rankings 
for all six lights are identical. MMCRI agrees with Ra and CQSa on 4 of the rankings, but 
swaps the rankings of Nd and LC, ranking Nd 2nd, in agreement with Sa and the reported 
popularity of Neodymium lights in terms of their sales. Since LC is an LED cluster 
designed to optimize Sa, it is not surprising that it is ranked first by Sa. Similarly, since H 
is a halogen light closely approximating a blackbody radiator, it is also not surprising that 
MMCRI, Ra and CQSa all rank it first since they assume that a blackbody is the ideal light 
source in terms of color rendering. This is an assumption that Smet et al. (Smet 2012) 
challenge, but as yet no general alternative has been proposed.  

It should be noted that the Sa rankings in Table 1 do agree with the ‘preference’ and 
‘fidelity’ rankings reported in Table 3 of Smet et al. (Smet 2010, p. 26237). However, one 
problem Table 1 reveals about the Sa measure is that it ranks many of the lights almost 
identically. In particular, FG, Nd, LC and H all have Sa values of 0.778 ±0.012. 
Effectively, Sa divides the lights into just two groups: (FG, Nd, LC, H) and (F4, RGB). In 
comparison, with MMCRI there are clear differences in the scores such that there are four 
distinct groups: (F4, RGB), (LC), (FG, Nd) and (H). 

 

4. CONCLUSION  

A new measure of the color rendering properties of lights is proposed based on the general 
concept of metamer mismatching. The amount of metamer mismatching—effectively the 
range of theoretically possible color signals arising under a second light—is taken as an 
indicator of the difference in the color rendering properties of the second light relative to 
the first. The greater the degree of metamer mismatching, the poorer the color rendering is 
considered to be. Previous color rendering indices have been based on a fixed selection of 
object reflectances. Although there have been attempts to optimize the set of test 
reflectances (Smet 2013) a finite set will always remain the source of some bias. In 
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comparison, the proposed method, through the calculation of the metamer mismatch 
volume, takes into account all theoretically possible reflectances  
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ABSTRACT
o o r c eme a  an im ortant ro e in t e roce  o  interior e ign  i erent com ination  

o  a  co o r  te t re  an  ig ting con ition  can ring o t i erence  in term  o  emantic ee ing  
an  ae t etic gement  at ma e  an im ortant i e to in  o t a ro riate com ination  o  
co o r  an  ig t o rce  or an interior en ironment  o a re  t e i e  interior co o r e ign a  
ta en a  an e am e in o r c o ica  t  o  a  co o r an  ig ting con ition

The aim of this study is to investigate visual impression of a real-room space, a “shooting 
t io  it  a i e o  m i t   m e t   m eig t  e ac gro n  or t e t ree a  
ere ma e o  co o re  c ot  et  t at can e c ange  ea i   a rai  tem  e ig ting con ition  
ere arie   a o ting i erent ig t o rce  Si  a  co o r  ere e  in t e t  gre  ite  
ac  ig t ro n  ig t e an  ig t green  Si  ig ting con ition  ere a o te  generate   t o 

corre ate  co o r tem erat re    an   an  t ree ig ting irection  inc ing a  
ig t tra e ing  an  i e a   a non irectiona  oor am  an  c  ig t tra e ing o n  i  

re te  in  ac gro n  co o r    ig ting con ition    e erimenta  con ition  n a ition 
to t e e  e erimenta  con ition  a e  on c ot  ac gro n   e tra e erimenta  con ition  

a e  on a er ac gro n  ere a o e  to in e tigate et er t e re t  ere in ence   t e 
ac gro n  te t re i e  c ot   a er  e  a er ac gro n  e erimenta  con ition  ere 
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light sources.
en emantic ca e  inc ing i e i i e  com orta e ncom orta e  arm coo  acio

ma  rig t ar  c ean irt  re a ing ten e  e egant ine egant  c a ica mo ern an  armonio
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ema e  artici ate  in t e t  ring t e e eriment  eac  o er er a  a e  to it in t e room 

an  to rate or eac  e erimenta  con ition ing t e  emantic ca e  
 a re t  t e  ca e  ere c a ifie  ing rinci a  com onent ana i  into t o n er ing 

actor  rig tne  an  armt  e rig tne  actor a  o n  to corre ate c o e  it  rig t
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ABSTRACT 

Colour scheme plays an important role in the process of interior design. Different 
combinations of wall colours, textures and lighting conditions can bring out differences in 
terms of semantic feelings and aesthetic judgements. That makes an important issue to find 
out appropriate combinations of colours and light sources for an interior environment. To 
address the issues, interior colour design was taken as an example in our psychophysical 
study of wall colour and lighting conditions. 
 

The aim of this study is to investigate visual impression of a real-room space, a “shooting 
studio” with a size of 3m (width) x 3m (depth) x 2.5m (height). The backgrounds for the 
three “walls” were made of coloured cloth sets that can be changed easily by a rail system. 
The lighting conditions were varied by adopting different light sources. Six wall colours 
were used in the study: grey, white, black, light brown, light blue and light green. Six 
lighting conditions were adopted, generated by two correlated colour temperatures (CCT), 
6500K and 2700K, and three lighting directions, including (a) light travelling up and 
sideway, (b) a non-directional floor lamp and (c) light travelling down). This resulted in 6 
(background colours) x 6 (lighting conditions) = 36 experimental conditions. In addition to 
these 36 experimental conditions based on cloth background, 12 extra experimental 
conditions based on paper background were also used to investigate whether the results 
were influenced by the background texture (i.e. cloth vs. paper). The 12 paper-background 
experimental conditions were selected randomly from the 36 cloth-background 
experimental conditions in terms of wall colours and light sources. 
 

Ten semantic scales, including like/dislike, comfortable/uncomfortable, warm/cool, 
spacious/small, bright/dark, clean/dirty, relaxing/tense, elegant/inelegant, classical/modern 
and harmonious/disharmonious, were used to measure the emotional effects of 
combinations of the wall colours and the lighting conditions. Twenty-two observers with 
normal colour vision, including 11 males and 11 females, participated in the study. During 
the experiment, each observer was asked to sit in the room and to rate for each 
experimental condition using the 10 semantic scales.  
 

As a result, the 10 scales were classified using principal component analysis into two 
underlying factors, “brightness” and “warmth”. The “brightness” factor was found to 
correlate closely with bright/dark, clean/dirty and spacious/small. The “warmth” factor was 
highly correlated with the remaining scales.  Note that “like/dislike” was correlated more 
closely with the “warmth” factor (R=0.75) than with the “brightness” factor (R=0.45), 
implying that warmth was more important than brightness to increase the preference. High 
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correlation was found between the cloth-background and the paper-background 
experimental conditions in terms of all semantic scales, with the highest correlation 
coefficient 0.92 for classical/modern, followed by 0.90 for spacious/small, and the lowest 
correlation being 0.66 for both like/dislike and comfortable/uncomfortable. This suggests 
that the texture of walls had a stronger impact on preference and comfort than on the other 
scales.  

1. INTRODUCTION 
Other than colour harmonization, conditions such as adjacent colouring area proportions, 
and lighting are issues of consideration in the process of allocating colours in the real time 
environment. Therefore, this research is using real-room environment as the condition, for 
considering colour harmony appearance and reality application adding different lighting 
condition. Expecting this research could get the colour harmony theory closer to the 
practical application. Academia and industries has always been interested in the topic: 
Impression of the interior environment. Instead of setting a real-room as the experiment 
condition,  There are lots of existing research using computer-simulated interior graphics 
as the stimulus. Now a days, colour harmony research apply modern colour science 
technology, some of the colour harmony quantitative model  were using in the interior 
graphics and put forward a satisfied predictive. However, could the model apply to a real 
interior environment is still unclear.  

 

2. METHOD 
Different lighting condition and wall colour were used to find out the colour harmony 
model1 in the real-room. For the goal to investigate whether the results were influenced by 
the background texture (i.e. cloth vs. paper), 12 extra experimental conditions based on 
paper background randomly picked from the 36 conditions using cloth background. 
Analysing the data that collected from both experiment using cloth and paper background 
to find out whether they show the similar correlation with colour harmony model. 

2.1 Sample Preparation 
Observers: a total of twenty-two observers with normal colour vision, including 11 males 
and 11 females, participated in the study. 

Stimuli: a “shooting studio” with a size of 3m (width) x 3m (depth) x 2.5m (height). The 
backgrounds for the three “walls” were made of coloured cloth sets that can be changed 
easily by a rail system. The lighting conditions were varied by adopting different light 
sources. Six wall colours were used in the study: grey, white, black, light brown, light blue 
and light green. Six lighting conditions were adopted, generated by two correlated colour 
temperatures (CCT), 6500K and 2700K, and three lighting directions, including (a) light 
travelling up and sideway, (b) a non-directional floor lamp and (c) light travelling down). 
This resulted in 6 (background colours) x 6 (lighting conditions) = 36 experimental 
conditions. 12 of the 36 conditions were randomly picked to replace the cloth-background 

                                                
 

1008
AIC2015 TOKYO - Color and Image



 

 

correlation was found between the cloth-background and the paper-background 
experimental conditions in terms of all semantic scales, with the highest correlation 
coefficient 0.92 for classical/modern, followed by 0.90 for spacious/small, and the lowest 
correlation being 0.66 for both like/dislike and comfortable/uncomfortable. This suggests 
that the texture of walls had a stronger impact on preference and comfort than on the other 
scales.  

1. INTRODUCTION 
Other than colour harmonization, conditions such as adjacent colouring area proportions, 
and lighting are issues of consideration in the process of allocating colours in the real time 
environment. Therefore, this research is using real-room environment as the condition, for 
considering colour harmony appearance and reality application adding different lighting 
condition. Expecting this research could get the colour harmony theory closer to the 
practical application. Academia and industries has always been interested in the topic: 
Impression of the interior environment. Instead of setting a real-room as the experiment 
condition,  There are lots of existing research using computer-simulated interior graphics 
as the stimulus. Now a days, colour harmony research apply modern colour science 
technology, some of the colour harmony quantitative model  were using in the interior 
graphics and put forward a satisfied predictive. However, could the model apply to a real 
interior environment is still unclear.  

 

2. METHOD 
Different lighting condition and wall colour were used to find out the colour harmony 
model1 in the real-room. For the goal to investigate whether the results were influenced by 
the background texture (i.e. cloth vs. paper), 12 extra experimental conditions based on 
paper background randomly picked from the 36 conditions using cloth background. 
Analysing the data that collected from both experiment using cloth and paper background 
to find out whether they show the similar correlation with colour harmony model. 

2.1 Sample Preparation 
Observers: a total of twenty-two observers with normal colour vision, including 11 males 
and 11 females, participated in the study. 

Stimuli: a “shooting studio” with a size of 3m (width) x 3m (depth) x 2.5m (height). The 
backgrounds for the three “walls” were made of coloured cloth sets that can be changed 
easily by a rail system. The lighting conditions were varied by adopting different light 
sources. Six wall colours were used in the study: grey, white, black, light brown, light blue 
and light green. Six lighting conditions were adopted, generated by two correlated colour 
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This resulted in 6 (background colours) x 6 (lighting conditions) = 36 experimental 
conditions. 12 of the 36 conditions were randomly picked to replace the cloth-background 

                                                
 

 

 

to the similar colour paper-background, as illustrated in Figure 1. This experiment was 
using Super Seamless paper-background to find an similar colour that matched the cloth-
background as the wall colour condition. The same six wall colours were used in paper 
background: grey, white, black, light brown, light blue and light green. CIELAB values of 
cloth-background are shown in Table 1 and paper-background are shown in Table 2.  

 

 
Figure 1: The 12 paper-background experimental condition 

 

Table 1: CIELAB reference value of Cloth-background.(X-rite 962) 

 
 
 

Table 2: CIELAB reference value of Paper-background(X-rite 962) 
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Scales: Ａsurvey were emitted, asked 19 observers (8 males and 11 females) to list 15 
adjective in the impression of a “living room” before the experiment. Pick out the 8 most 
repeated adjective and add “like/dislike” “harmonious/disharmonious” to find out the 
colour preference and colour harmony in the real-room environment. Result as Figure 1. 
Ten semantic scales, including like/dislike, comfortable/uncomfortable, warm/cool, 
spacious/small, bright/dark, clean/dirty, relaxing/tense, elegant/inelegant, classical/modern 
and harmonious/disharmonious, were used to measure the emotional effects of 
combinations of the wall colours and the lighting conditions.  

 

2.2 Experimental Procedure 

Every observer will sit in the room and adapted for 30 seconds. Then start to value the real-
room experimental condition in 10 semantic scales. Each of the semantic scales were 
forced choice in 6 categories. As a case of “spacious/small”, the categories were“very 
spacious”, “spacious”, “slightly spacious”, “slightly small”, “small” and “very small”. 
Every observer has to do the complete experiment twice to make sure the repetitive of 
experiment. The 12 stimuli were randomly picked in the experiment.  

3. RESULTS 

The aim of the study was to investigate visual impression of a real-room induced by 
lighting conditions and the wall colour. To see there was any difference between cloth and 
paper background in the observer responses, the experimental data were divided in to two 
groups of back ground texture. The correlation coefficients of the 10 scales between 12 
cloth and paper background experimental conditions are shown in Table 3. 

 

Table 3. Correlation coefficients of the 10 scales between 12 cloth and paper background 
 

1010
AIC2015 TOKYO - Color and Image



 

 

 
 
 

 

Scales: Ａsurvey were emitted, asked 19 observers (8 males and 11 females) to list 15 
adjective in the impression of a “living room” before the experiment. Pick out the 8 most 
repeated adjective and add “like/dislike” “harmonious/disharmonious” to find out the 
colour preference and colour harmony in the real-room environment. Result as Figure 1. 
Ten semantic scales, including like/dislike, comfortable/uncomfortable, warm/cool, 
spacious/small, bright/dark, clean/dirty, relaxing/tense, elegant/inelegant, classical/modern 
and harmonious/disharmonious, were used to measure the emotional effects of 
combinations of the wall colours and the lighting conditions.  

 

2.2 Experimental Procedure 

Every observer will sit in the room and adapted for 30 seconds. Then start to value the real-
room experimental condition in 10 semantic scales. Each of the semantic scales were 
forced choice in 6 categories. As a case of “spacious/small”, the categories were“very 
spacious”, “spacious”, “slightly spacious”, “slightly small”, “small” and “very small”. 
Every observer has to do the complete experiment twice to make sure the repetitive of 
experiment. The 12 stimuli were randomly picked in the experiment.  

3. RESULTS 

The aim of the study was to investigate visual impression of a real-room induced by 
lighting conditions and the wall colour. To see there was any difference between cloth and 
paper background in the observer responses, the experimental data were divided in to two 
groups of back ground texture. The correlation coefficients of the 10 scales between 12 
cloth and paper background experimental conditions are shown in Table 3. 

 

Table 3. Correlation coefficients of the 10 scales between 12 cloth and paper background 
 

 

 

 

As the result in Table 3, most of the observer’s data were highly correlated. 
“Classical/modern” is the highest; “spacious/small” “clean/dirty” and “bright/dark” comes 
second; “like/dislike” is the last. As we could know, the difference between background 
texture didn’t had significant influence in the scale of “classical/modern” “spacious/small” 
“clean/dirty” and “bright/dark”. Therefore, difference between background texture did 
influence the result of “like/dislike”. For reference in Table 4, most of the adjectives were 
scored slightly higher in paper background than cloth background. Texture of the 
background could possibly in a similar change tendency of observer’s data, a degree of 
score difference may be observed. 

 

Table 4. The average score of the raw data (paper and cloth background in 10 scales) 

 Cloth background Paper background 

Like 3.40 3.94 

Comfortable 3.40 4.02 

Warm 2.84 3.45 

Spacious 3.47 3.70 

Bright 3.80 3.68 

Clean 4.04 4.17 

Relaxing 3.28 3.89 

Elegant 3.50 3.90 

Classical 2.65 3.37 

Harmonious 3.58 4.04 

average 3.40 3.82 

 

4. CONCLUSION 

This study aimed to investigate the influences of background texture on the visual 
impression of a real-room environment. The results show that (1) observers had higher 
preference in paper background which seems to be like the real wall texture. (2) Although 

like/dislike bright/dark warm/cool spacious/small 
comfortable/ 

uncomfortable 

0.656 0.807 0.773 0.904 0.664 

clean/dirty relaxing/tense 
elegant/ 

inelegant 

classical/ 

modern 

harmonious/ 

disharmonious 

0.855 0.718 0.721 0.922 0.722 
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general scores of paper background were higher than cloth in 10 scales, the experimental 
data show high correlation coefficients for the 10 scales between cloth and paper 
background. This could explain that observers will have a similar scoring trend in the same 
lighting condition and different background texture. 
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ABSTRACT
o or in ence  t e man o  in io ogica  an  c o ogica  manner  an  intere t in 
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ABSTRACT 

In o or in ence  t e man o  in io ogica  an  c o ogica  manner  an  
intere t in re earc  on re ea ing c  in ence t ro g  rain a e mea rement i  
increa ing  e c rrent t  o er e  uman physiological reaction in different indoors 
co or en ironment  t ro g  an ana i  o  rain a e in t e range o   to  common  
no n a  t e a a a e  e re enc  o  S  - -50Hz), or “slow” alpha wave, 

an   - -50Hz), or “fast” alpha wave, were studied. Centering on the changes 
to t e rain a e a ter t e co or tim  t e c rrent t  ana e  at in ence  
i erent co or  a  on t e man o  o r gro  came o t in t e re t   e  reen-
e o  e- reen  e o - e  inc rre  ecrea e  S  an  increa e    e o  

increa e  S  an  ecrea e    e an  P r e increa e  ot  S  an    
reen an  ite ecrea e  ot  S  an   e re t  o  t e c rrent t  i  e  

in t at t e  can e e  a  a practical data for classifying colors appropriate for various 
purposes in residential spaces.In residential spaces, these colors are more appropriate for 
i ing room  in ic  re t com ine  it  a ic acti itie  ta e  ace  rat er t an 
e room  in ich rest leading to sleep takes place.  

 

1. Introduction 
1.1 Background 

 o or  a e t eir ni e a e engt  an  are ica  e ement  t at great  in ence t e 
io ogica  an  c o ogica  ea t  o  man  e tec ni e  re ate  to co or t era  

and co or correction t at e co or c aracteri tic  are a ie  in ario  in trie  t 
t ere e i t  no anti ie  ata or tematica  con cte  re earc  era  t at treat  
diseases using the full color spectrum is referred to as chromotherapy. It has seen increased 

e in t e ie  o  me icine  it  e era  t ie  to ting t e e ecti ene  o  t i  met o  
 oreo er  i e t ere are a n m er o  ragmentar  ot e e  on t e in ence t at 

in oor co or  a e on t e man o  it i  time to a e re earc  t at o ecti ie  
conc ion  it  tematic e erimenta  e a ation   

ere ore  t e t  create  a moc  en ironment e igne  to anti  t e man o  
re on e to t e ni e a e engt  o  co or  an  er orme  e erimenta  e a ation o  

man o  re on e t ro g  mea rement o  rain a e  
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1.2 Previous Research 
e ea ing met o  t at a  een e  in t e ear ier t ie  to in e tigate t e 
io ogica  re on e  in t e man o  con i t  in ana ing t e c ange  in rain a e 

ca e   co or tim ation  St ie  e amining rain a e re on e  to co or  gge t t at 
co or  can act a  e erci e in ence on rain acti it  Se era  c inica  t ie  a e een 
con cte  to e amine et er co or t era  mig t e  re ie e m tom  re ate  to 
diseases such as epilepsy and Parkinson’s. [2][3] Earlier studies on colors and brain wave 
re on e  a e o n t at certain ne ra  attern  can e i er io ogica  an  
psychological relaxation and excitement. While there exist differences in methods used in 
several previous studies, the physiological and psychological responses are summarized as 
o o  Pre e  e amine  t e io ogica  an  c o ogica  c ange  generate   t e 

co or  re  e  an  ite  e co or re  a  o n to tim ate en or  ner es. In other 
or  re  acti ate  oo  circ ation  tim ating a  i e en e  o action  i ion  

a ition  g tator  an  tacti e  Pre e  o n  t at t e re ence o  re  increa e  oo  
re re  eart rate  an  reat ing ca e  increa e  er iration in the skin, muscle 

contraction  an  re ent e e in ing  e or  to ecrea e oo  re re  eart rate  
in re on e  an  e e in ing  ina  e o n  t at ite a  re ate  to c o ogica  

ten ion an  tre  i e ite aci itate  increa e  in oo  re re an  eart rate  it i  
not cause the same magnitude of changes as did the color red. Studying children’s 
re on e  to co or e ign  ong  o n  t at c i ren o ent i  mont  in a room 
ainte  e o e  m c  e  ner o ne  or o ti e eec  com are  to t o e o i  

not o o  Par  an  ot er   con cte  an e eriment ere a co ore  tr ct re a  
com o e  o  re  e  an  ite a  an  artici ant  a  t eir oo  re re an  
eart eat c ec e  ring a -minute interval. The authors found significantly higher heart 

rate rom re  to ite  ite to no co or  an  no co or to e  n a ition  ig er oo  
re re a  o er e  rom re  to ite  ite to e  an  e to no co or  o er oo  
re re a  o er e  rom no co or to re  re  to e  an  e to ite  e e re t  

suggest that blood pressure and heart rate decrease in line with “colder” colors and increase 
along with “warmer” colors. 

 

1.2 Study Aims 
 con irme  in re io  iterat re  a a a e occurs in a state of comfort, such as 

en t e o  i  re a e  t e more re a e  t e o  i  t e greater t e am it e   
c aracteri tic o  t i  a e i  t at it a ear  contin o  an  reg ar  it  t e mo t 
presence in parietal and occipital regions o  t e rain  an  een t e ea t in t e ronta  
region  ecia  ta e a a a e i  o er e  en t e o  i  in a re a e  tate it  
e e  c o e  i e t e a e i  eterre  en t e o  i  emotiona  e cite  or en it i  
taring into an o ect it  e e  o en  at c ange  ma  occ r to t e a a rain a e  

t en  en ect  are e o e  to ario  in oor  co or en ironment  e goa  o  t i  
t  i  to c a i  re encie  com ri ing a a a e   to   into egment  to 

analyze physiological reaction o  t e man o  to ario  in oor  co or en ironment  
e re t  i  er e to ro i e a ractica  ata on at e ect  in oor  co or en ironment 

a  on t e man o  
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2. Methodology 
e e erimenta  et  inc e  a in o e  room t at a   mm   mm  

 mm or t e cei ing  a  an  oor engt  re ecti e  ig t a  in ta e  at  
mm   mm on t e center o  t e cei ing i e a imming tem a  in ta e  to en re 
a ig t inten it  o    or t e i erent co or  ing t e tan ar   i minant  
Stim ation a  a ie  it  t ree a ic co or  or re ecti e a e engt  a ig -level 
c roma a  e ecte  an  aint a  a ie  ing nine co or  o re ent noi e i e 
mea ring rain a e  aco tic noi e an  o t i e ig t ere remo e  an  t e room a  
e t at a tem erat re o   to  egree  e i  it   to  mi it  
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2.1 EEG Measurement and Analysis  
o a e  rain a e attern  t e c rrent t  e  P -connecte  e i ment  -8 

 a t a nc  So t  orea  to mea re io ogica  igna  e mea rement 
o  rain a e  a  one t ro g  mono o ar eri ation acro  eig t ite  on t e r ace o  
the subject’s head. In accordance with the International 1  tem  e ectro e  ere 

ace  on e t an  rig t i e  o  t e re ronta    ronta    arieta  P  
P  an  occi ita  o e    e re erence e ectro e a  ace  e in  t e rig t 
ear o e  an  t e gro n  e ectro e a  ace  e in  t e e t ear o e  o -coated tray-

a e  i  e ectro e  ere e  o minimi e riction it  t e in  e traneo  
substances were wiped off the surface of the subject’s head. Electrodes were smeared with 
a e i e e ectro e ge  e i  - ce  i on o en  to ro i e a etter igna   

e mea rement met o  e  a  a  o o  e ect a  eate  com orta  in a 
c air it in t e ite room  ter attac ing t e e ectro e  t e ect a  a o e  to 
re a  an  a t to t e ace or i e min te  e t   mea rement  ere ta en or  
econ  in t e green  e  an  re  room  room or er a  co nter a ance  acro  

ect  n or er to acco nt or an  otentia  a terimage rom e eriencing one co or to 
t e ne t  t e ect too  a one-minute rea  in t e ite room e ore mo ing to anot er 
room  Since rotracte  rain a e mea rement  ten  to e i tracting  t e -second time 
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it  a one-min te rea  ea rement  ere re eate  t ree time  to en re ta e ata 
collection. 

a  ata ere co ecte  it  e e can -TS-  a t a nc  So t  orea  a rea -time 
ata an  time erie  ana i  rogram  ata or t e – -  an  ere o taine  t rough 
re enc  i tering  ic  a  ecte  to anot er con er ion in or er to er orm an 

ana i  a  to t e re ati e an  a o te o er or i erent c anne  n a ition  to en re 
ta e ata co ection ring t i  ana i  t e ir t econ  at t e eginning and end of each 

recor ing e ion a  remo e  ea ing  econ  a ai a e or rt er ana i  or a  
ata ana i  t e ra  ata  i e a  con erte  to a t t i e  an  t en to a icro o t 

ce  i e  to anti  an  a erage  ata igna  or a   ect  SPSS  
tati tica  o t are a  e  or t e con erte  ata i e i erence  in t e t ree Po er 

Spectrum values within the β- a e area a  accom i e  ing t e rie man e t  
 
2.2 Subject Composition 
 tota  o   ect  inc ing  teenager   in i i a  in t eir  or  an   

in i i a  in t eir  ere recr ite  or t e c rrent t  Since  igna  ar  
arge  acro  in i i a  ect  it  ig  or o   igna  i e  o t ier  ere 

removed from the ana e  ere ore  a tota  o   ect  remaine  in t e ina  am e   
teenager   in i i a  in t eir  or  an   in t eir  or  
 

3. Result 
S  - -50Hz), also known as “slow” alpha wave, occurs when the body feels 

com ort i e it i  ig t  ee   - -50Hz), “fast” alpha wave, occurs when 
t e o  ee  com ort i e it i  concentrating  e c rrent t  a ire  to mea re at 
e ect   i erent co or  a e on t e man o  a e  on t e c aracteri tic  o  c  
range  o  t e a a rain a e  e re t o  rain a e mea rement in  i erent co or 
tim  en ironment  can e c a i ie  into t e t ree o o ing gro  n t e ir t gro  

8-  range ecrea e  a ter co or tim  a  o n in ig   t t e -  range 
increa e  e  reen- e o  e- reen  an  e o - e  are t e co or  t at ca e c  
physiological change. In residential spaces, These colors are more appropriate for living 
room  in ic  re t com ine  it  a ic acti itie  ta e  ace  rat er t an e room  in 

ic  re t ea ing to ee  ta e  ace  
ontrar  to t e re t  in t e ir t gro  in t e econ  gro  -  range occ r  more 

re ent  a ter co or tim  a  o n in ig   i e -  i  i a e  e  
re ent  a ter t e tim  e o  i  t e co or t at ca e  c  io ogica  c ange  

e co or i  eeme  more a ro riate or e room  in ic  re t ea ing to ee  ta e  
ace  rat er t an or i ing room ere a ic acti it  ta e  ace a ong i e re a ation  

1016
AIC2015 TOKYO - Color and Image



 

 

imit a  e  to en re a it  ata co ection  n a ition  ect  ere in tr cte  o 
mental counting in order to ta  a ert an  a oi  an  ot er cogniti e i traction  o o ing 

 mea rement in eac  room  to re ent an  a itiona  a terimage e ect  rom co or  a 
ite tim  a  re ente  in et een t e e a ation o ect  an  to ro i e ect  

it  a one-min te rea  ea rement  ere re eate  t ree time  to en re ta e ata 
collection. 

a  ata ere co ecte  it  e e can -TS-  a t a nc  So t  orea  a rea -time 
ata an  time erie  ana i  rogram  ata or t e – -  an  ere o taine  t rough 
re enc  i tering  ic  a  ecte  to anot er con er ion in or er to er orm an 

ana i  a  to t e re ati e an  a o te o er or i erent c anne  n a ition  to en re 
ta e ata co ection ring t i  ana i  t e ir t econ  at t e eginning and end of each 

recor ing e ion a  remo e  ea ing  econ  a ai a e or rt er ana i  or a  
ata ana i  t e ra  ata  i e a  con erte  to a t t i e  an  t en to a icro o t 

ce  i e  to anti  an  a erage  ata igna  or a   ect  SPSS  
tati tica  o t are a  e  or t e con erte  ata i e i erence  in t e t ree Po er 

Spectrum values within the β- a e area a  accom i e  ing t e rie man e t  
 
2.2 Subject Composition 
 tota  o   ect  inc ing  teenager   in i i a  in t eir  or  an   

in i i a  in t eir  ere recr ite  or t e c rrent t  Since  igna  ar  
arge  acro  in i i a  ect  it  ig  or o   igna  i e  o t ier  ere 

removed from the ana e  ere ore  a tota  o   ect  remaine  in t e ina  am e   
teenager   in i i a  in t eir  or  an   in t eir  or  
 

3. Result 
S  - -50Hz), also known as “slow” alpha wave, occurs when the body feels 

com ort i e it i  ig t  ee   - -50Hz), “fast” alpha wave, occurs when 
t e o  ee  com ort i e it i  concentrating  e c rrent t  a ire  to mea re at 
e ect   i erent co or  a e on t e man o  a e  on t e c aracteri tic  o  c  
range  o  t e a a rain a e  e re t o  rain a e mea rement in  i erent co or 
tim  en ironment  can e c a i ie  into t e t ree o o ing gro  n t e ir t gro  

8-  range ecrea e  a ter co or tim  a  o n in ig   t t e -  range 
increa e  e  reen- e o  e- reen  an  e o - e  are t e co or  t at ca e c  
physiological change. In residential spaces, These colors are more appropriate for living 
room  in ic  re t com ine  it  a ic acti itie  ta e  ace  rat er t an e room  in 

ic  re t ea ing to ee  ta e  ace  
ontrar  to t e re t  in t e ir t gro  in t e econ  gro  -  range occ r  more 

re ent  a ter co or tim  a  o n in ig   i e -  i  i a e  e  
re ent  a ter t e tim  e o  i  t e co or t at ca e  c  io ogica  c ange  

e co or i  eeme  more a ro riate or e room  in ic  re t ea ing to ee  ta e  
ace  rat er t an or i ing room ere a ic acti it  ta e  ace a ong i e re a ation  

 

 

 
Fig   ncrea e an  ecrea e eac  range  o  t e a a rain a e in e  ace 

 

 
ig   ncrea e an  ecrea e eac  range  o  t e a a rain a e in e o  ace 

 

 
ig   ncrea e an  ecrea e eac  range  o  t e a a rain a e in reen space  

 
The third group displayed increased 8-  a e an  -  a e a ter co or tim  
e ce t re ronta  o e  e and Purple cause such physiological change. The fourth group 
displayed decreased 8-  a e an  -  a e a ter co or tim , a  o n in ig  

 reen and White cause such physiological change. These colors are less appropriate for 
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i ing room  an  e room  ere re a ation ta e  ace  t  room  or or room  in 
ic  re i ent  oc  on certain acti itie  o  ene it more rom ing t e e colors. 

 
4. Conclusion 

e r o e o  t e c rrent t  a  to ana e man io ogica  reaction in ario  
in oor  co or en ironment   egmenta i ing t e range o  a a rain a e -  
t at increa e en t e o  ee  com ort  a e  on t e re lt, the study classified colors 
t at are a ro riate or i erent ace  in a re i entia  ace  ic  ma e  t e re t  o  
t i  t  a ractica  ata on t e e ect  o  in oor  co or en ironment on t e man o  

e  co or  e  in t e c rrent t  o e er  are co or  it  ig  e e  o  c roma to 
give a clear stimulus for the purpose of analyzing the effects of color. This makes it 
difficult to implement the results of this study on an actual residential space. As such, 

t re re earc  i  a e to e e into t e i e rai e   rig tne  an  c roma  it  a 
a i  on t e in ing  o  t i  t  on co or  
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Development of the Interior Color Coordination Recommendation 
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ABSTRACT
o  to coor inate interior co or o  t e i ing ace i  im ortant i e or t e i ing er on rom 

t e a it  o  ai  i e oint o  ie  ecia  or a er on i ing a one  et er e e can get 
t e ri ate ace or not or re a  atmo ere or ri ate en ironment or or ing an  o on i  ig  
e en  on t e interior co or coor ination o  t e ace  rom t i  ac gro n  in t i  t  t e nterior 
o or oor ination ecommen ation S tem o  i ing S ace or ni er it  St ent i ing one 
a e een e e o e   main  ing enetic gorit m  ir t  im re ion  or interior co or 

coor ination o  t e i ing ace ere a erage ni er it  t ent i e  a one ere in e tigate  ota  
  ma e  an   ema e  a erage  S  ni er it  t ent  o i e  a one ere 

re ire  to e a ate t eir im re ion or o er   image  o  co or coor inate  i ing ace   
a ecti e  ing e ection o  S  a  a e ate im re ion  e t  t e re ation i  et een co or  
an  a ecti e  t at re re ent im re ion  o  i ing ace  ere etecte   actor na i  an  to 
etect  actor  a  Po  oo  egant  at ra  orma  ccentric  ig t  a ica  ro ica  an  

Pro o n  iet an  ro ean  ccor ing to t e a o e re t  ome eat re  o   image  o  co or 
coor inate  i ing ace ere e icte  ing t e actor core  or eac   actor  an   e a ation 

nction  or  o eration  ere efine  ing t e re ation i  et een co or  an  a ecti e  t at 
re re ent im re ion  o  i ing ace  ro g  ome e a ation e eriment  o  t e tem  o o ing 
re t  ere o n  o t   n ca e o  etting e i a ent eig t  or eac  e a ation nction  t e 
matc ing egree et een tem o t t an  er  image in icate  t e ig e t a e   e more 
re ecte  er  image on e ecting t e a ecti e  or i ing ace  t e ig er o i i it  o  a ro riate 

tem o t t or er  i ea  i ing ace an   o  to re ect er  re erence or co or i  one o  
the most important factor for the system performance.

 

Development of the Interior Color Coordination 
Recommendation System of Living Space for University 

Student Living Alone Using Genetic Algorithm 
Tatsunori MATSUI  eiic i S , Kazuaki KOJIMA3, Mai KAWASHIMA ,

Miho SAITO
 Faculty of Human Sciences, Waseda University 

 ra ate Sc oo  o  Science an  ngineering  Saitama ni er it  
3 earning ec no og  a orator  ei o ni er it  

ABSTRACT

n t i  re earc  e con tr cte   genetic a gorithm an interior color design system for college 
t ent  o are i ing a one   t e ir t te  e in e tigate  at co or con ig ration  co ege 

students living alone usually used for interior rni ing  a  e  a  t e a ecti e im re ion  
e icite   t o e co or con ig ration  e t  e studied the colors associate  it  t e a ecti e  

ic  e re  atia  conce tion  n t e a i  o  t e re t  i e can i ate itne  nction  ere 
etermine  en e ran t e tem  eac  a o ting one of the candidate fitness functions, and 

evaluated their performance against actual human preference. It turned out that t e tem it  t e 
t e itne  nction erein t e t ree e a ation nction  are  t e ame eig t a ro imate  
t e c o ogica  ata mo t reci e  ic  in erre  t at t e a i it  to in oint t e co or  
a ociate  it  t e a ecti e  e re ing atia  conceptions might play a vital role in generating 
t e co or con ig ration  re ire   er  

1. BACKGROUND 

o a a  a ot o  co ege t ent  are intere te  in t e interior rni ing  o  t eir room  t  
especially to those living alone, practical difficulties such as economic pressure and the need of a 
goo  ee ing a  a   to a igni icant arrier  on i ering t at in t e recent ear  t e o  
selling cheap colored furniture are increasing in num er  e get an i ea t at it i  o i e to 
im ro e interior rni ing   t c anging t eir co or con ig ration  ence  in t i  re earc  e 
con tr ct a tem ic  can ro o e a ro riate color schemes for interior furnishings through 
genetic a gorit m  

2. STUDY OF ROOMS OF COLLEGE STUDENTS LIVING ALONE 

2.1 Objective 

In order to select the sorts of furniture employed in the interior color design system, in this study 
e creene  t e interior rni ing  in t e room  o  co ege t ent  i ing a one  

2.2 Subjects. 

 co ege t ent   ma e    ema e  age   o are i ing a one in t e anto 
region participated in this study.  

2.3 Method 

rom t e oto  o  t e ect  room  e recor e  t e co or  t e n m er o  item  an  t e 
o ition  o  eac  ort o  rnit re  en  ia ecti e co or mea rement  e i i e  t e ort  o  
rnit re into t o categorie  e ort  o  rnit re e onging to t e ir t categor  o e e  great 

co or ariation i e t o e e onging to the second group had small color variation. 
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2.4 Results 

e categor  c aracteri e  it  great co or ariation inc e  e  e tea  co er et   e eet  
c rtain  ta e  rag  c air  e  te e i ion ta e an  i o  e categor  c aracteri e  it  ma  
co or ariation inc e  te e i ion  e  a  an  ceiling. The colors of the furniture in the latter 
categor  ere i e  in t e interior co or design system constructed in this research. 

3. STUDY OF RELATIONSHPS BETWEEN INTERIOR COLOR CONFIGUATION AND 
AFFECTIVE IMPRESSION 

3.1 Objective 

This study is intended to clarify the factorial str ct re o  t e a ecti e im re ion e icite   co or 
configuration of interior furnishings in the rooms of college students living alone through a 

c o ogica  e eriment ing Semantic i erential method. The interpretation of the factors 
extracted in this experiment is carried out in the form of propositions.

3.2 Pilot Study 

Objective: This pilot study aims to determine the range of color selection for each sort of furniture 
depicted in the experimental stimuli. Each experimental stimulus is a picture representing a certain 
color configuration of interior furnishings. 

Method: We measured the colors of the sorts of furniture engaged in this research using the color 
tem S e e o e   a aga a o or a  

Results: it  regar  to t e ort  o  rnit re it  a high degree of color variation, the shelves had 
o r co or  e tea  o r co or  co er et   co or  e eet  co or  c rtain   co or  ta e  

t ree co or  rag   co or  c air  eig t co or  e  t ree co or  te e i ion ta e  t o co or  an  
i o   co or  e i e  co or  o  te e i ion  e  a  an  cei ing ere a o eci ie  e 
etai  o  t e co or ariation are o n in a e  

a e  o or  e  in erimenta  Stim i n e  a e  

3.3 Subjects 

interior interior interior

shelves

e teads

e eetcoverlets

curtains

ta e

rags

chairs

desks television
ta e

i o  
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ota   co ege t ent   ma e    ema e  age   too  art in t i  
e eriment  e ect  ere i i e  into t ree gro   

ro    ma e    ema e  age   ro    ma e    ema e  age  
 ro    ma e    ema e  age  

3.4 Evaluating Method 

 a ecti e  gat ere  rom re io  re earc e  e g  ig t  c ean  an  ca m  a  o  ic  
e re  atia  conce tion  ere e  in t i  e eriment  er  a ecti e i  a t o oint matc  
or oe  not matc  rating ca e

3.5 Experimental Procedure 

 ict re  o n in ig re  e  a  t e e erimenta  tim i  ere generate   nterior 
e igner Pro  on t e a i  o  t e re t  o  the aforementioned pilot study. The color 

con ig ration in e er  tim  ict re a  ran om  etermine  e tim i ere i a e  to 
t e ect   iPa  etina i a   er  ect gro  a  a igne  a i erent et 
of ten stimuli. The order of stim  i a ing a  co nter a ance  

ig re  erimenta  Stim i 

3.6 Results and Discussion 

In the process of factor analysis, maximum likeli oo  e timation a  e  to e tract t e actor  
an  t e Proma  met o  a  em o e  to rotate t e factors. The rotated factor loadings matrix is 
ca c ate  ic  o  t at  actor  i e  Po  oo  egant  at ra  orma  

ccentric  ig t  a ica  ro ica  an  Pro o n  iet  an  ro ean  a e 
een e tracte  in t i  e eriment  en inter reting a actor  e i ting i e  t e tim i o e 

factor scores are greater than zero on the factor rom t e tim i o e actor core  are e  t an 
ero on t e actor  an  t en e amine  t e t o gro  re ecti e  a e t e actor Po  a  an 

example. The stimuli in the high-factor-score gro  e  more co or  it  ig  or interme iate 
at ration t an t o e in t e o actor core group. In the high-factor-score group, coverlets in 

highly saturated red and those in highly saturated e o  ere e  more re ent  t an in t e 
o actor core gro  n t e ot er an  in t e o actor core gro  e co er et  an  

ac romatic co er et  ere em o e  more re ent  than in the high-factor-score group. In the 
light of it, the characteristics of the high-factor- core gro  on t i  actor co  e e re e  in t e 
o o ing o r ro o ition   e gro  e  man  ig  at rate  co or   e gro  e  

man  interme iate  at rate  co or   an  o  t e co er et  in t i  gro  are ig  at rate  
re  an   an  o  t e co er et  in t i  gro  are ig  at rate  e o   to t e o actor
score group on this factor, its characteristics coul  e e re e  in t e o o ing t ree ro o ition  

 an  o  t e co er et  in t i  gro  are e   an  o  t e co er et  in t i  gro  are 
ac romatic  an   e gro  e  er  e  ig  at rate  co or  n t e ame manner  e ma e 
clear, in the form of proposition, the characteristic  o  t e ot er actor   cr tini ing t eir 
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a ociate  ig actor core gro  an  o actor core gro   a re t  tota   ro o ition  
ere orm ate  

4. STUDY OF COLOR SELECTION RANGE OF INTERIOR FURNISHINGS 

4.1 Objective 

This study is targeted to preclude the interior color design system from outputting color 
configurations of interior furnishings ic  e om a ear in t e rea  i e

4.2 Method 

a e  on t e re t  o  t e i ot t  e cri e  in S ection  oc ing on t e co or  em o e  
in t e e erimenta  tim i  e eci ie  ectively the range of color selection for each sort of 
furniture.

4.3 Results 

e a igne  a i e co or e ection range to e er  ort o  rnit re it  a ig  egree o  co or 
ariation o n in t e re t  o  t e i ot t  n t e ot er an  e a igne  a narro  co or 
e ection range to e er  ort o  rnit re it  a o  egree o  co or ariation o n in t e re t  

of the pilot study.  

5. SETTING AND RUNNING OF GENETIC ALGORITHM PROGRAM 

5.1 Outline 

e er  ere re ire  to e ect i e or more a ecti e  ic  a ro riate  e cri e  t e i ea  
interior e ign or t eir room  rom t e a ecti e i t intro ce  in S ection  e er  ere 
a o a e  to re ort t eir gen er  an  et er they had any experience of living alone. This 

er ona  in ormation er e  a  one art o  t e in t in ormation to t e  tem  e o t t  o  
t e  tem ere t e L*a*b* values of the color configurations o  interior rni ing  ic  

ere e ecte  to matc  t e a ecti e  e ecte   t e er  

5.2 Parameter Setting 

Encoding: e c romo ome tr ct re enco e   aria e  t at i  t e L*a*b* values of the 
co or  o  t e  ort  o  rnit re em o e  in t e tem  

Crossover & Mutation: The crossover operator and the m tation o erator ere a ie  
re ecti e  to t e t o rnit re categorie  intro ce  in Section  name  t e categor  
c aracteri e  it  great co or ariation an  t e one c aracteri e  it  ma  co or ariation  n  
the L*a*b* a e  o  eac  ort o  rnit re ere treate  a  one et  

5.3 Fitness Function 

a e  on t e re t  o  t e t  intro ce  in Section  an  t e t  on co or a ecti e 
a ociation  e etermine  t e itne  nction F(x) a  a iner m o    nction  etai  

o n on t e o ter  

6. EXPERIMENT FOR TESTING SYSTEM PERFORMANCE 

6.1 Objective 

This experiment aims to clarify the effectiveness, t e er  ati action an  t e e iciencie  o  
t i  interior co or e ign tem ia rea or  te ting  

6.2 Subjects 
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Encoding: e c romo ome tr ct re enco e   aria e  t at i  t e L*a*b* values of the 
co or  o  t e  ort  o  rnit re em o e  in t e tem  

Crossover & Mutation: The crossover operator and the m tation o erator ere a ie  
re ecti e  to t e t o rnit re categorie  intro ce  in Section  name  t e categor  
c aracteri e  it  great co or ariation an  t e one c aracteri e  it  ma  co or ariation  n  
the L*a*b* a e  o  eac  ort o  rnit re ere treate  a  one et  

5.3 Fitness Function 

a e  on t e re t  o  t e t  intro ce  in Section  an  t e t  on co or a ecti e 
a ociation  e etermine  t e itne  nction F(x) a  a iner m o    nction  etai  
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6. EXPERIMENT FOR TESTING SYSTEM PERFORMANCE 

6.1 Objective 

This experiment aims to clarify the effectiveness, t e er  ati action an  t e e iciencie  o  
t i  interior co or e ign tem ia rea or  te ting  

6.2 Subjects 

 

 co ege t ent   ma e  it  e erience o  i ing a one   ma e  it o t e erience o  i ing 
a one   ema e  it  e erience o  i ing a one an   ema e  it o t e erience o  i ing a one  
age   i ing in t e anto region articipated in this experiment. 

6.3 Experimental Procedure 

The achromatic version of the stimulus picture No.8 used in the study introduced in Section 3 
o n a  ig re  a  i a e  to t e ect  or t e rea on t at t i  ict re containe  t e mo t 

achromatic colors among the stimuli used in that study. 

e ect  ere re ire  to imagine t em e es as college students living alone and select from 
t e a ecti e i t e cri e  in S ection  i e or more a e cti e  ic  e t e icte  t eir i ea  
images of the color configuration of the interior furnishings in the room. 

e er ona  in ormation o  t e ect  an  t e a ecti e  e ecte   t em ere in t into i e 
ariant  o  t e tem eac  e ine   a et o  α, β and γ a e  i e  t e eig t  o  t e t ree 

evaluation functions in the fitness function. The L*a*b* a e  enco e   t e ir t c romo ome in 
the last generation of the evolution process of each tem ariant ere em o e  to co ori e t e 
stimulus picture used in this experiment, producing a chromatic picture as the output of the system 
variant. Prior to the colorization, the L*a*b* a e  o  t e re te  i e ict re  ere tran orme  
into RGB values.

The α, β and γ a e  c aracteri tic o  eac  tem ariant are o n a  o o  

α  β γ  i  et o  a e  a  et a  e a t in t at it e t itte  t e em irica  r e  
α  β γ  i  et o  a e  a o e  on  t e ir t e a ation nction to ta e e ect  
α  β γ  i  et o  a e  a o e  on  t e econ  e a ation nction to ta e e ect  
α  β γ  i  et o  a e  a o e  on  t e t ir  e a ation nction to ta e e ect  
α  β γ  i  et o  a e  a ocate  e a  in ence to t e t ree e a ation nction  

en  t e i e ict re  ere i a e  to t e ect  one a ter anot er  an  t e ect  ere a e  
to e a ate on a oint rating ca e to at e tent the pictures matched their ideal images. The 

ect  ere a o re ire  to rite o n t e rea on  or t eir rating  in t e orm o  ree an er  
ring t e ata ana i  t e rating  o  e er  tim  ere a erage  acro  t e ect  an  t e 

a erage rating  o  t e tim i ere com are  it  one another. Prior to the averaging, the five 
egree  on t e rating ca e ere tran orme  to t e antitati e a e      

 rom t e en  matc  e  to t e ot er en  matc  a  

6.4 Results 

Output Example: Take as an example the outputs of the five system variants to the input 
in ormation o  S ect   t e a ecti e  e t e icting i  i ea  image  t i  ect e ecte  
ca m  goo oo ing   t i  eart arming  gent e  in  nat ra  im e  
monotone  ni ie  ig t  c ean  arm  trig  re ine  mo ern  c ic  an  orma  

e ict re  generate  a e  on t e o t t in ormation o  t e i e tem ariant  corre on ing 
to t e e a ecti e  are o n a  ig re  

Overall Tendency: it  regar  to t e ir t e a ation nction  t e itne  o  a arge n m er o  
stimuli remained almost the same over time, converging e ent a  to a re ati e  o  a e   

o i e e anation or t i  enomenon i  t at t i  e a ation nction e t itte  t e em irica  
r e  t  eing ea i  con traine   

e t  e com are  t e a erage rating  o  t e i e ict re  e ict re it  t e ig e t a erage 
rating a  t e one o t t  t e i t  tem ariant  n t e itne  nction o  t e tem ariant  
t e t ree e a ation nction  are  t e ame eig t  

n a ition  man  ect  rote in t eir ree an er e tionare  t at a t o g  t e ict re 
matc e  m  i ea  image   on t i e t e co or  o  t e interior rni ing  in t e ict re  or t e 
colors of the interior furnishings in the picture aren t m  a orate one  o  on t t in  t e ict re 
matc e  m  i ea  image  n ie  o  it  it i  re ona e to e ie e t at t e co or re erence o  an 
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individual can influence his/her evaluation of the color configuration of interior furnishings. 
ecia  en t e ect  i i ed the colors of the sorts of furniture of a large size, such as 

coverlet, they tended to give negative responses. e i e  a ro ortion o  t e ect  a  co or
a ecti e a ociation i erent rom t e genera  con ition   a re t  to t e e ect  ing 
colors as the general condition suggested o ten ro g t a o t negati e re on e  

    o  S atem             o  S tem          o  S tem           o  S tem          o  S tem  
ig re  t t Pict re o   o  or S ect  

7. CONCLUSIONS 

n t i  re earc  e contr cte  an interior co or e ign tem t at co  i a i e er  i ea  
images of color configuration of indoor furnishing  e on  in ormation er  are re ire  to 
in t into t e tem i  a et o  a ecti es depicting their ideal images of indoor color 
con ig ration  e re t  o  t e rea or  tem test demonstrated that the fitness function in 

ic  t e t ree e a ation nction  are  t e ame eig t e t matc e  er  i ea  image  t 
infers that the more precisely the system simu ate  er  genera  im re ion to t e a ecti e  
e re ing atia  conce tion  t e etter t e o t t  o  t e tem a ro iamte er  i ea  
image  n a ition  a e  on t e re t  o  t e t  on t e re ation i  et een interior co or 
con ig ration an  t e e icite  a ecti e im re ion  a  e  a  t e re t  o  t e rea or  tem 
te t  e can a  t at co or re erence a  a great impact on the evaluation of color configuration of 
interior rni ing  t gge t  t e o i i it  o  im ro ing t e im ating acc rar  o  t e tem 

 integrating t e in ormation a o t er  co or preference into the input information to the 
system.. 
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Chromatic Integration of the Architectural Surfaces with 
n ironment: naly i  an  Cla ification o  Ca e St ie

e an ro P  and atia SP
 University of Udine, Italy

 a  ni er it  o  enice  ta

ABSTRACT
e intro ction an  a ication o  ne  ro ct  in t e i ing mar et  oine  to t e 

contin o  e a oration an  re inter retation o  a rea  no n materia  in artic ar o  t o e 
e icate  to t e aca e  ro ce  ne  e ect  on t e erce tion o  t e c romatic tr t  o  t e ace  

ere t e e are em o e  mong t e e ro ct  an  materia  t ere are omeone  em o e  in 
m ti e a e  ini e  an  te t re  t o e e a  een con o i ate  in t e rea i ation o  aca e 
c a ing  concrete  meta  g a  a tic  com o ite  mart etc  eir e in t e conte t in ic  
these facades are located produces particular chromatic effects, different from those of the tradition, or 
imi ar to it  c romatic agreement  contra t  ee  tten  emateria i ation o  t e  i ing en e o e 

etc   it o i e to ea  a c romatic ana i  o  meaning  ca e  a ing t e target to  e  
in tr ment  to t e e ign a e  

i  t  a  t e ro o a  to com ete a c romatic r e ing o  amo  i ing   t e 
mean  o  common gra ica  in tr ment  c  a  t e i e  fi ter  a too  e  to i enti  t e ominant 
tone  t at can e o taine  rom a otogra ic re ie  a t re  co or  can e in erte  in a iagram 
to c a i  t eir com ination  one ominant  t o co or  t ree co or  o r co or  contra t o  ig t 
an  ar  contra t o  arm an  coo  co or  etc e e in  o  t ie  o  a e to ea   to 
t e e inition o  a ta e o  c romatic armonie  an  contra t  e t  mean  to con i er a  t e 
e ement  o  t e conte t   green  ater  i ing  etc  o a  to e a e to contem ate a o t e 
c romatic ariant  e to t e c ange o  t e mino  or atmo eric con ition  no ing t at ar ing 
t e fie  o  i ion ic e er c romatic mani e tation can e o taine  t eca e eeing it i  not 
ne er an o ecti e act  t it i  artici ation  ecti e inter retation   orn i t  

Chromatic integration of the architectural surfaces with 
environment: analysis and classification of case studies 

e an ro P  atia SP  

 University of Udine, Italy 
 a  ni er it  o  enice  ta  

ABSTRACT 
e intro ction an  a ication o  ne  ro ct  in t e i ing mar et  oine  to t e 

contin o  e a oration an  re inter retation o  a rea  no n materia  in artic ar o  
t o e e icate  to t e aca e  ro ce  ne  e ects on the perception of the chromatic 
tr t  o  t e ace  ere t e e are em o e  mong these products and materials there are 
someone, employed in multiple shapes, finishes and te t re  t o e e a  een 
consolidated in the realization of facade claddings concrete  meta  g a  a tic  
com o ite  mart etc  eir e in t e conte t in ic  t e e aca e  are ocate  
produces particular chromatic effects, different from those of the tradition, or similar to it: 
c romatic agreement  contra t  ee tten  emateria i ation o  t e  i ing en e o e etc  

 it o i e to ea  a c romatic ana i  o  meaningful cases having the target to supply 
e  in tr ment  to t e e ign a e   

This study has the proposal to complete a chromatic r e ing o  amo  i ing   t e 
means of common graphical instruments such as the pixel filter: a tool useful to identify 
t e ominant tone  t at can e o taine  rom a otogra ic re ie  a t re  co or  can e 
in erte  in a iagram to c a i  t eir com ination  one ominant  t o co or  t ree co or  
four colors, contrast of light and dark, contrast o  arm an  coo  co or  etc e e in  o  
t ie  o  a e to ea   to t e e inition o  a ta e o  c romatic armonie  an  

contrasts. The study means to consider all the element  o  t e conte t   green  ater  
i ing  etc  o a  to e a e to contem ate a o the chromatic variants due to the change 

o  t e mino  or atmo eric con ition  no ing that "varying the field of vision 
ic e er c romatic mani e tation can e o taine  t eca e eeing it i  not ne er an 

o ecti e act  t it i  artici ation  ecti e inter retation  orn i t  

1. INTRODUCTION1

i  re earc  ic  egan in  it  a i ertation on the color of metal 
c a ing  o o e  e era  e e o ment  in t e o o ing ear  ir t it in t e re earc  

nit o o r an  ig t in rc itect re at a  ni er it  o  enice an  c rrent  n er t e 
re earc  center teroto ie  o or  ig t an  omm nication in Architecture. The research 
aims to identify and classify the color design strategie  a o te   man  e igner  to 
ac ie e eci ic co or e ect  integration it  t e landscape, contrast, highlight of certain 

art  o  t e i ing an  o on  e a e i  t e a t o i e em o iment o  a tem o  
guidelines for the design already integrated, as regar  t e n creen  in t e oo  
S er ici inamic e  ranco nge i   a  regards the metals in "Facciate 

meta ic e  tet   an  or me ia i ing  in Sc ermi r ani    
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2. METHOD1

The research analyzed architectural envelopes made it  i erent materia  an  
technologies, from traditional up to innovative materia  a ter  oo  ceramic  concrete  

 meta  g a  a tic  te ti e  com o ite  mart  or eac  categor  o  a a e 
materia  e ana e  a re re entati e am e o  ca e t  t an e e  m ti e image  
t en tran orme  it  a com ter too  to get t e main colors of the composition: the pixel 
i ter  e i e  i ter a o  rring t e original image, to detect the dominant colors of 

t e ana e  oto e a a  trie  to e image  o  t e i ing it  a goo  ortion o  
t e conte t  e re t can e a ro imate  to one  t o  t ree or o r main co or  t at 
could constitute chromatic agreements or contrasts o taina e rom co or t eor  an  it  
recent developments.  

The chromatic fact is the pigment, i.e. the coloring materia  t at can e etermine  
an  ana e  rom a ico c emica  oint o  ie  ic  a me  it  content an  
meaning through human perception through the retina an  t e rain  e e e an  t e 
mind can achieve an exact perception only for compari on or contra t   e co or 
evaluation, in contrast to the physico-chemical facty of color, constitutes the psycho-
physical fact of color that I define the chromatic effect. Physical reality and color 
effects are identified only in harmonic chords. In all other cases, the reality of the 
co or i  c ange  im taneo  ro cing a ne  i erent e ect tten    

In addition to issues related to the change in the i e o  t e i a  ie  e too  note o  t e 
imit  im o e   t e t ie  t at a e ma e an im ortant contri tion on t e t ree

dimensional use of  the color material.  

en otogra  i  t e t o imen iona  re re entation  t at e rea  a  tr t   a 
t ree imen iona  rea it   ig er or er can not e e aine   a o er one  
t ere ore it i  not o i e to rea i tica  re re ent a or  create  in t ree 

imen ion  t ro g  t e e o  t o imen ion  orn i t    

e goa  o  t e re earc  a  to n er tan  o  mo t important contemporary designers 
use color to achieve desired color effects of integration or contra t it  t e rro n ing 
environment.  

 in t e ie  o  materia  e a me  or e am e  a a e materia  ecte  to a 
roce  o  tran ormation  e get omet ing t at i  i erent rom t e materia  e 
e  an  ic  i  t e ro ct  Simi ar  en o  design, you introduce into the 

e ign roce  imi ar to a mac ine  t e a ic materials, consisting of all the 
in ormation nee e  to e ign  an  o  tran orm them into the particular product 
re re ente   a   t e oc ment  o  t e e ign iri ini    

e roce  e er orme in t e co or com o ition  eems to look very similar.  

2.1 Case studies1

Among the case studies, for the plaster surfaces, t ere i  t e o ing an  ice om e  
e eni a  i a  in ana    e  Pero ic rc itect  e r ace  o  

t e aca e  are co ore  in gra  i e t e to  oor et ac  rom t e aca e i  ite  e 
neutral color of the facades highlights the lodges an  t e oo en rame  e i e  i ter 

ig ig t  t e gra  tone  t at ten  to mi  t e i ing it  t e en ironment o  ot er 
re i entia  ro ect  

1026
AIC2015 TOKYO - Color and Image
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In addition to issues related to the change in the i e o  t e i a  ie  e too  note o  t e 
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dimensional use of  the color material.  

en otogra  i  t e t o imen iona  re re entation  t at e rea  a  tr t   a 
t ree imen iona  rea it   ig er or er can not e e aine   a o er one  
t ere ore it i  not o i e to rea i tica  re re ent a or  create  in t ree 

imen ion  t ro g  t e e o  t o imen ion  orn i t    

e goa  o  t e re earc  a  to n er tan  o  mo t important contemporary designers 
use color to achieve desired color effects of integration or contra t it  t e rro n ing 
environment.  

 in t e ie  o  materia  e a me  or e am e  a a e materia  ecte  to a 
roce  o  tran ormation  e get omet ing t at i  i erent rom t e materia  e 
e  an  ic  i  t e ro ct  Simi ar  en o  design, you introduce into the 

e ign roce  imi ar to a mac ine  t e a ic materials, consisting of all the 
in ormation nee e  to e ign  an  o  tran orm them into the particular product 
re re ente   a   t e oc ment  o  t e e ign iri ini    

e roce  e er orme in t e co or com o ition  eems to look very similar.  

2.1 Case studies1

Among the case studies, for the plaster surfaces, t ere i  t e o ing an  ice om e  
e eni a  i a  in ana    e  Pero ic rc itect  e r ace  o  

t e aca e  are co ore  in gra  i e t e to  oor et ac  rom t e aca e i  ite  e 
neutral color of the facades highlights the lodges an  t e oo en rame  e i e  i ter 

ig ig t  t e gra  tone  t at ten  to mi  t e i ing it  t e en ironment o  ot er 
re i entia  ro ect  

mong t e i ing  it  oo en en e o e e ana e  t e amiani o   o i ing 
in re anone    o  rc itect  e en e ope made entirely of laminated 

r ce oo  contra t  it  t e e  an  t e green mo ntain  contra t o  
com ementar  co or  i e t e a e in gre  concrete en  it  t e co or o  t e 
horizontal surfaces.  

mong t e i ing  it  ceramic c a ing t ere i  t e entra  St  i e  in on on   
 en o Piano  e arge aca e  o  ceramic materia  are c aracteri e   t e co or  

orange  green  e o  an  re  e i e  i ter re ce  t e com o ition in t o main co or  
re  an  green  t o com ementar  co or  e conte t instead merges into a uniform gray 
gi en  t e i ing  o  t e rro n ing cit  

Another case study for ceramic materials is the Music Hall and House in Alguena, Spain, 
   ocia o  e c a ing o  t e m ic a  i  com ete  co ere  it  

ear e cent ceramic it  a mirror ini  i  inish reflects the colors that surround the 
i ing en ing it  t e en ironment  n act  it  t e i e  i ter t e i ing eem  to 

i a ear  ea ing on  t e co or  o  t e e  and of the earth.  

mong concrete en e o e  e ana e  t e m e  a an e  in arce ona  
  r te  arc itect re  e i ing i  entire  ma e in gre  concrete  i e t e art  

et ac  rom t e ront e ge are rig t  co ore  in o  o e  an  o ge  a e r ace  
co ore  in re  orange  e o  an  green  it  t e pixel filter gray surfaces seem to 

i a ear ig ig ting t e e  an  t e co or  red and green in the portico. The contrast 
o  com ementar  co or  i  t in ront o  t e ilding.  

mong  c a ing  t ere i  Soccer it  Sta i m in So eto in So t  rica   
oogertman  Partner  an  Po o  e arge en e o e i  c a  in ane  o   co ore  
 eart  co or  e a e oo  i e a tra itiona  rican ot  t e a a a  e i e  

i ter o  t at t e i ing merge  it  t e co or o  t e eart  in contra t it  t e e 
 in a game o   rimar  co or   contra t re  an  e  

mong t e meta  c a ing  e ana e  t e Par ing Str ct re rt a a e in n iana o i  
S    r ana  e arge at aca e o  t e ar ing i  c aracteri e   meta  

tri  co ore  in e an  e o  e tri  imi ar to man  o t it  are ent an  
o itione  o t at t e i ing  rom one i e  a ear  com ete  e an  rom t e ot er 
i e com ete  e o  e i ing a  e igne  to e een in motion o t at t e a a e  

i e eing tatic  eem  namic  e to a c ange in co or et een e o  an  e  e 
i e  i ter ig ig t  o  t i  contra t o  rimar  co or  i  on  in ront o  t e i ing  

 imi ar game a  a e   rc itect re St io in the glass envelope of Advancia 
Sc oo  o  ine  in Pari   e aca e  are c aracteri e   a e  o  ro te  g a  
in re  an  e o  co or  n ome ace  t e a ternation o  t e t o co or  ro ce  an e ect 
of interpenetration. The color contrast is only in t e a a e  o  t e i ing  

mong t e i ing  it  a tic c a ing  e ana e  t e i ic enter o erto ritti in 
anica  ta    P St io  e o car onate e  i  co ore  on  on t e 

inner face so as to present a lighter color in the o t i e  e co or  are co  r e  e 
and green and are immersed in the surrounding natura  ac gro n  it  t e i e  i ter 
t e i ing eem  to emateria i e  

mong t e i ing  it  te ti e r ace  t ere i  t e a et a  rena in on on   
 i in on re rc itect  e en e o e i  ma e it  a mem rane ma e o  o e ter 

i er coate  it  P  e mem rane i  tretc e  o er a c r e  t ar tr ct re in 
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a min m o a  to a me a a  an  agge  a e  n t e com ete  ite aca e  t ere 
i  a contra t o  ig t an  ar  co or  a o  t at ig ig t  t e a e  ra n  t e 
designers. 

mong c a ing  ma e it  com o ite materia  t ere i  t e See o o ote  in or ea  
  te ier ing ong  e i ing en e o e  ma e o  orian  i  com ete  

ite  e i ing i  o com ete  i orce  rom the context: almost an alien in shape 
and color. 

mong t e en e o e  it  mart materia  t ere i  a e en e ice  in mere  
  St io  e in ating g a  aca e  are integrate  it  ic roic i m ro ce  

  t at c ange  co or accor ing to t e ang e o  incidence of sunlight. The facades then 
veer from green to red and vice versa, creating a contrast of simultaneity. 

e contra t o  im taneit  i  t e enomenon  ic  o r e e  ecte  to a 
gi en co or  re ire  at t e ame time  im taneously - the complementary color, 
an  not recei ing it  it create  it   it e  tten    

2.2 The special case of media and smart façades2

The research also included the architectural media an  mart a a e  

e ca e t  ana i  a  o n a i erent co or er ormance o  t e e a a e  ro a  
due to the used technology. 

or t e me ia a a e  categor  ere ana e  arc itect re  o e en e o e a  rig t an  
ma e it  igita  tec no ogie  n artic ar  e a e ana e  t e a a e  e igne   t e 

er in gro  rea itie nite  e  e t e  tem in i e arc itect ra  en e o e or 
e am e  n t e m ra  an  S ot aca e in er in  an e ana e  t e a a e  
ma e it   tec no og  it   ac et  or it  the mediamesh system. 

or t e mart a a e  t e  ere ana e  a a e  tem it  g a  ane  it  a mart 
i m inter o e  n t i  ca e ere c o en a a e  it  aria e co or mart materia  a  t e 

c romogenic materia  t ermoc romic  otoc romic  e ectroc romic  c  an  ic roic 
film. 

ne o  t e ca e t ie  i  t e ro ect  a e en e ice  in mere  e cri e  ear ier  
e c aracteri tic o  me ia a a e  ana e  i  t e i i ion o  t e a a e c a ing in man  

ig ting com onent  e e com onent  are i i e ithin easy reach in front of the 
i ing  en t e a a e i  een rom ar a a  or en t e a a e i  o  t e r ace i  

uniform.  

en t e me ia en e o e i  itc e  on  eac  com onent ecome  a i e  a i e  in 
r an imen ion t at interact  it  t e en ironment. 

e a a e ma e it  t e  tem are i erent rom t o e co ere  in  eca e 
the size of the light components is different. The com onent  o  t e  tem are rig t 

ore cent am  t e  are at ea t  cm an  tran mit ite ig t  ere ore  t e me ia 
a a e or  on  in t o co or  ac  or ite  corresponding to the controls on / off of 

t e am  e i e  are ig an  t e a a e tran mit  rame   ec ma im m  e  are 
defined low resolution façades  e  o e er  are er  ma  com onent  an  they 
are placed very close together, they are colored an  t e  tran mit image  it  man  rame  
/ sec. They realize colorful and high resolution fa a e  
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c romogenic materia  t ermoc romic  otoc romic  e ectroc romic  c  an  ic roic 
film. 

ne o  t e ca e t ie  i  t e ro ect  a e en e ice  in mere  e cri e  ear ier  
e c aracteri tic o  me ia a a e  ana e  i  t e i i ion o  t e a a e c a ing in man  

ig ting com onent  e e com onent  are i i e ithin easy reach in front of the 
i ing  en t e a a e i  een rom ar a a  or en t e a a e i  o  t e r ace i  

uniform.  

en t e me ia en e o e i  itc e  on  eac  com onent ecome  a i e  a i e  in 
r an imen ion t at interact  it  t e en ironment. 

e a a e ma e it  t e  tem are i erent rom t o e co ere  in  eca e 
the size of the light components is different. The com onent  o  t e  tem are rig t 

ore cent am  t e  are at ea t  cm an  tran mit ite ig t  ere ore  t e me ia 
a a e or  on  in t o co or  ac  or ite  corresponding to the controls on / off of 

t e am  e i e  are ig an  t e a a e tran mit  rame   ec ma im m  e  are 
defined low resolution façades  e  o e er  are er  ma  com onent  an  they 
are placed very close together, they are colored an  t e  tran mit image  it  man  rame  
/ sec. They realize colorful and high resolution fa a e  

Feature of the smart facades is color uniformity. T e materia  or mart a a e  are acti e 
or inacti e  to ie  t e aca e  So  t e  ma  e o  a ing e co or e or gra  en t e  
are acti e  en t e i m i  inacti e e ercei e a glass envelope that reflects the 
surrounding environment. 

t i  i erent or ic roic i m  eoc romic materia  o e c ange in co or arie  
according to the solar incidence. 

3. RESULTS AND DISCUSSION1

na ing t e ata t at emerge rom t e t  a o e e can in er ome e ign trategie  
t at eem to e e   t e e igner  to ac ie e certain color effects: 

 erger it  nat ra  e ement  o  t e en ironment gro n   egetation  

 emateria i ation o  t e i ing  gra  mirrore  r ace  

 ontra t o  rimar  co or  re e   or e am e  et een t e i ing an  t e  

 ontra t o  com ementar  co or  i e  re   green  or e am e  et een i ing an  
vegetation. 

 om ination  o  co or  on  in t e aca e m tico ore  aca e  

 ig ig ting eci ic arc itect ra  e ement  ro ecting art  ac ar  e ement  etc  

 ontra t o  ig t an  ar  to ig ig t ome orms. 

 o or tota  i orce  rom t e conte t  to create a "stranger". 

3.1  The “non-color” of media and smart façades2 

rom t e ana i  t at a  een nt e i e  ere  e can ee t e ecia  ca e o  me ia an  
mart aca e  an  t eir re ation i  it  t e i i ility and color perception. It is difficult to 
a  o n a r e o  co or e ign or t e e a a e  and find a measure of their interaction 
it  t e en ironment  

e rea on  are to e o n  in t e com onent  an  materials used. So, summarizing: 

 n t e o  re o tion me ia aca e  eg tem  t e c romatic interaction it  t e 
en ironment i  in ence   t e co or o  t e c a ing components, of their texture,  the 
t e o  materia  eg  e a tic  ite a min m ane  ro te  g a  etc  o  o  can 
in  a re ation i  et een co or  en ironment an  aca e materia  on  en t e me ia 

system is off. 

 e ig re o tion me ia aca e    are already a pixel system, like the analysis 
tem e  or t i  re earc  a orating rt er the image, the mix of thousands of 

colored pixels gives as results a "non-color". Usua  it i  ac  gra  or ro n  
 n mart a a e  en t e tem i  o  t e co or effect is given from the reflection on 

t e g a  aca e  ic  are t ere ore ne tra  non co or  en t e tem i  on  t e 
result is a "non-color", the cladding is gray, rare  it i  e   

 e aca e  ing eoc romic mart materia  ic roic i m  o e er  ma  re t in a 
contrast of simultaneity, according to the incidence of sunlight. 
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4. CONCLUSIONS 
 it i  i e  no n to t o e in o e  in t e en ironmental chromatic design, color is an 

essential aspect in the design process and today it can not e o er a o e  or too ong 
the schools of architecture in Italy have put aside t i  i e e ite no ing t at e i e in 
an environment full of colors, perhaps today more than yesterday. The contemporary colors 
are closely related to the materials and technologie  t at ro ce t em an  t e  can not e 

e  it o t a ro er no e ge o  t e e tec no ogie  e ite t e e ire o  ome 
aca em  to ee  in t e corner t e e t ie  no  it seems increasingly essential to place 
them in evidence and to intensify the research efforts in this direction. 
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ABSTRACT
n ac age rinting in tr  ot co or in  generate   mi ing a e in  a  een e  more 

o ten t an  roce  in  n artic ar  re  co or in  i  re ire  not on  or e igna i it  t a o 
for using to refer notes on many packages. Therefore, it is important to investigate conspicuous red 
co or in  or ario  i minant con ition  an  co or i ion eficienc  rt er  e are a e to create 

ot co or in  to re ro ce metameric co or  t at a ear t e ame co or a e it  i erent ectra  
i tri tion  e ecting t e a e in  com ination  t o  e o i e to ro i e a ne  reci e or 

re  co or in  it  im ro e  i i i it
e ma e re  ot co or in  ic  con i te  o  e era  a e in  an  rinte  on coate  a er  

ing t o e ot co or in  en e re are   rinting am e  co ering P to  in n e  
e it  t e mi e range o  a e an  re ati e  ig  c roma  e i e o  am e  a     

cm  er er  it  norma  co or i ion an  co or i ion e icienc  e a ate  t e re ne  o  t e 
rinting am e  an  t eir i crimina i it  rom a ac  ac gro n  n er t o i minance e e  

  an    e t e o  i minant a  a  ore cent am  or t e e a ation o  re ne  
t e o er er  ie e  eac  rinting am e on ite ac go n  an  core  ing fi e ca e  or t e 
e a ation o  i crimina i it  rom ac  t e o er er  ie e  eac  am e on ac  ac go n  an  
core  in t e ame a  a  re ne  e e a ation  ere ma e t ree time  or eac  am e in eac  

condition.
e re t  o  e a ation or re ne  o  t at t e am e  o e e are rom  to  an  

ig  c roma o tain t e ig  core o  re ne  or at   in genera  t   am e  it  e o i  
re  e an  ig  c roma o tain t e ig  core o  re ne  or o er er  it  co or i ion eficienc  
e ecia  or rotan  e re t  o  i crimina i it  rom ac  i  more corre ate  it  t e ig tne  o  
am e  at   t an at   e am e  it  ig  c roma are ig  i crimina i e or ot  norma  

an  e tan o er er  e core  o  rotan o er er  or e o i  re  e an  ig  c roma are ig  
at   a  ame a  t e re t  o  re ne  etter i crimina i it  or t o e am e  o  e e to t e 
ig er mi e a e engt  e o i  co or  com onent  in t e ectra  re ectance o  t o e am e

r re t  gge t t at e are a e to re ict an a ro riate re  ot co or in  or ario  
i minant  co or i ion eficienc  an  a ication age

 

 

Color appearance of red printing ink for color vision 
deficiency 
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 ra ate Sc oo  o  ance  ntegration Science  i a ni er it  
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3  o or e ign  nc  

ABSTRACT 
n ac age rinting in tr  ot co or in  generate   mi ing a e in  a  een e  

more often than cmyk process ink. In particular, red color ink is re ire  not on  or 
e igna i it  t a o or ing to re er note  on man  ac age  ere ore  it i  im ortant 

to investigate conspicuous red color inks for various illuminant conditions and color vision 
e icienc  e ma e re  ot co or in  ic  con i te  o  e era  a e in  an  rinte  

on coate  a er  ing t o e ot co or in  er er  it  norma  co or i ion an  co or 
vision deficiency evaluated the redness of the printing sam e  an  t eir i crimina i ity 
results rom a ac  ac gro nd un er t o i minance e e    an   . The results 
o  e a ation or re ne  o  t at t e am e  o e e are rom  to  an  ig  
c roma o tain the high score at   in genera  t   am e  it  e o i  re  e 
an  ig  c roma o tain t e ig  core o  re ne  or o er er  it  co or i ion 
e icienc  e ecia  or rotan  e re t  o  i crimina i it  rom ac  i  more 

corre ate  it  t e ig tne  o  am e  at   t an at   e am e  it  ig  
chroma are highly di crimina e or ot  norma  an  e tan o er er  e core  o  
rotan o er er  or e o i  re  e an  ig  c roma are ig  at   a  ame a  t e 

re t  o  re ne  etter i crimina i it  or t o e am e  o  e e to t e higher 
middle- a e engt  e o i  co or  com onent  in t e ectra  re ectance o  t o e 
samples.  

1. INTRODUCTION 
 mo e  co or a ette or co or ni er a  e ign a  ro i e  to e ing or cm  roce  
rint  aint  an  i a  re . In various package print  e.g. foo  anitar  ro ct  

special color such as a corporate color or a ro ct ran  color is used. To reproduce the 
special color, spot color ink ic  is generate   mi ing a e in  a  een e  more 
often than the process ink. T e com ination o  t e a e in  i  not nece ari  ni e, and 
it i  common to e i t e era  com ination  to re ro ce the same color. Package makers 
a e tra itiona  e ecte  one rom among ra  com ination  it  con i eration o  

ica  actor e.g. light resitance  or ac age e ign  o e er  it i  im ortant to convey 
the product image and to inform notes of product to consumers. ed color inks in particular 
are often used to printing note  o  ac age ro ct  ccor ing  not on  criterion it  
physical factor, t a o a psycophysical factor,“ o or a earance” is necessary to select 
t e com ination. Package products are seen  a lot of consumers it  different types of 
color vision, and under various illuminant conditions. Therefore, it is important to 
investigate conspicuous spot color inks, especially red color inks for various illuminant 
conditions and color vision deficiency. In some cases, packages are seen in outdoor in the 
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evening under o  i minance e e  a  e  a  indoor. t a  reported that not only chroma 
an  ig tne  t e o  re  co or c i  c ange  it  i minance Shin et al  .   
Also, the categorical color perception of color vision deficiency a  re orte  aga a et 
al.  3  e  o e  that t e co or categorie  o  or inar  e teranoma  ere a mo t 
the same as those of normal trichromats  erea  t o e o  e treme e teranoma  ere 
different n er  lx. 

n t i  t  e investigate o  the color appearance of red spot color inks is 
in ence   illuminant conditions and color vision deficiency. 

2. METHOD 
We made re  ot co or in  ic  con i te  o  e era  a e in  an  rinte  on coate  
papers  er er  it  norma  co or i ion an  co or i ion e icienc  e a ate  t e 
redness of the printing sam e  an  t eir i crimina i ity rom a ac  ac gro nd under 
various illuminant conditions. 

2.1 Sample Preparation 
er er  made evaluatations in t e oot  t at in i e a  ere co er  it  gra  a er  

e te t co or am e  re enet  on e to  o  t e oot  i minate   high color-
rendering fluorescent lamps it  corre ate  co or tem erat re a o t  . We tested t o 
illuminance levels,   an    

The test samples ere  co or rint  it  target colors that approximated Munsell 
values and chromas in hues rom P to  a e  e ot co or in  o  am e  

ere mi e  it  a e co or in  or o et rinting P - SS   ra ic  e 
mi ing orm a to re ro ce t e target co or  a  e timate   a com ter co or matc ing 

tem  e c ec e  et er eac  target co or a  in i e o  rinting in  gamut. olors out 
of gamut ere re ace  to rinta e co or   gam t ma ing  e printed on coated papers 
using those spot color inks it  in  roo  mac ine  e ter  We used art coated papers 

it i i o i i rt  an  c t t e rinte  a er  to small  mm   mm 
samples  e e rinte  a er  ere mea re   a spectrophotometer S ectro e   

ite   

 

2.2 Experimental Procedure 
We conducted four conditions in this experiment, evaluation for redness and 

i crimina i it  rom a ac  ac gro nd under high illuminance level condition   
and n er o  illuminance level condition  . servers adapted to an illuminant level 
for 3 min under   an   min under   ter t e a a tation  o er er  t eac  te t 
sample on the desktop and evaluated a   te t am e  in i i a  e e a ation o  a  
am e  a  re icate  t ree time  or eac  condition. For the evaluation of redness, the 

o er er  ie e  eac  sample on a ite ac go n  an  core  ing i e ca e. The 
ite ac gro  a  a ite a er it o t fluorescent hitening agents. The o er er 

scored five and one point s  to the most and the least reddish sample, respectively. For the 
e a ation o  i crimina i it  rom ac  t e o er er  ie e  eac  am e on ac  
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evening under o  i minance e e  a  e  a  indoor. t a  reported that not only chroma 
an  ig tne  t e o  re  co or c i  c ange  it  i minance Shin et al  .   
Also, the categorical color perception of color vision deficiency a  re orte  aga a et 
al.  3  e  o e  that t e co or categorie  o  or inar  e teranoma  ere a mo t 
the same as those of normal trichromats  erea  t o e o  e treme e teranoma  ere 
different n er  lx. 

n t i  t  e investigate o  the color appearance of red spot color inks is 
in ence   illuminant conditions and color vision deficiency. 

2. METHOD 
We made re  ot co or in  ic  con i te  o  e era  a e in  an  rinte  on coate  
papers  er er  it  norma  co or i ion an  co or i ion e icienc  e a ate  t e 
redness of the printing sam e  an  t eir i crimina i ity rom a ac  ac gro nd under 
various illuminant conditions. 

2.1 Sample Preparation 
er er  made evaluatations in t e oot  t at in i e a  ere co er  it  gra  a er  

e te t co or am e  re enet  on e to  o  t e oot  i minate   high color-
rendering fluorescent lamps it  corre ate  co or tem erat re a o t  . We tested t o 
illuminance levels,   an    

The test samples ere  co or rint  it  target colors that approximated Munsell 
values and chromas in hues rom P to  a e  e ot co or in  o  am e  

ere mi e  it  a e co or in  or o et rinting P - SS   ra ic  e 
mi ing orm a to re ro ce t e target co or  a  e timate   a com ter co or matc ing 

tem  e c ec e  et er eac  target co or a  in i e o  rinting in  gamut. olors out 
of gamut ere re ace  to rinta e co or   gam t ma ing  e printed on coated papers 
using those spot color inks it  in  roo  mac ine  e ter  We used art coated papers 

it i i o i i rt  an  c t t e rinte  a er  to small  mm   mm 
samples  e e rinte  a er  ere mea re   a spectrophotometer S ectro e   

ite   

 

2.2 Experimental Procedure 
We conducted four conditions in this experiment, evaluation for redness and 

i crimina i it  rom a ac  ac gro nd under high illuminance level condition   
and n er o  illuminance level condition  . servers adapted to an illuminant level 
for 3 min under   an   min under   ter t e a a tation  o er er  t eac  te t 
sample on the desktop and evaluated a   te t am e  in i i a  e e a ation o  a  
am e  a  re icate  t ree time  or eac  condition. For the evaluation of redness, the 

o er er  ie e  eac  sample on a ite ac go n  an  core  ing i e ca e. The 
ite ac gro  a  a ite a er it o t fluorescent hitening agents. The o er er 

scored five and one point s  to the most and the least reddish sample, respectively. For the 
e a ation o  i crimina i it  rom ac  t e o er er  ie e  eac  am e on ac  

 

 

ac go n  an  core  in t e ame a  a  re ne . Score five means t at an o er er 
percived the sample as the most discriminative, and one means as the least discriminative. 

Four protan, four deutan, and five normal trichromat o er er  artici ate  in the 
experiment. 

 

Table 1: Target colors of Samples 

 
 

3. RESULTS AND DISCUSSION 
We present the averaged results from each type of color vision for the evaluation of redness 
and i crimina i it  on the ac  ac gro n  n er t o i minance e e . 

3.1 Sample Color  (Lightness, Chroma,  and Hue) 
The correlation coefficients of redness and i crimina i it  rom a ac  ac ground it  
lightness L  c roma C  e H  ere ca c ate , respectively. The redness evaluation 
from deutans had some correlation it  chroma at  .  At   redness evaluations 
from ot  protans and deutans had correlation it  chroma, and lightness had some 
correlation it  the results of protans and deutans. The results of i crimina i it  rom a 

ac  ac gro nd correlated it  ig tne  at ot  illuminance levels. The correlation of 
the i crimina i it  it  c roma at   a  stronger than at  . For protans, the results 
of i crimina i it  correlated it  e at    

In results o  re ne  e a ation at   t e samples rom  to  an  ig  
c roma o tained the high scores. The samples it  o  ig tne  o taine  ig er core or 
protans than  deutans and normal trichromats  t  lx, the sample colors it  middle or 

ig  ig tne  an  ig  c roma o taine  ig  core rat er t an the others. Sam e  it  
e o i  re  e an  ig  c roma o tained the high score of redness, especially for 

protans. 
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ig re  o  the hue samples of high chroma ic  o tained the high score of the 
i crimina i it  rom the ac  ac gro nd for deutans and normal trichromats at   

an    or protans, the e o i  re  e an  ig  c roma colors o tained high score in 
t e ame a  a  redness. T e core  at   increa e  it  increa ing ig tne  as same as 

  e a o e inc ination to increa e a  conspicuous t an   e.g  n ca e o   
an  roma  o  a e   o  a e   o  a e   e in ence o  

e at   on t e i crimina i it  a  e  t an those at    

 
 

Figure 1: The discriminability from a black background; Left side is for 500 lx, (a) 
protans, (b) deutans, (c) normal trichromats, Right side is for 1 lx, (d) protans, (e) 

deutans, (f) normal trichromats, 

 

3.2 Illuminance level 
n t e rece ing  e re ente  re t  t at evaluation for redness and discrimina i it  rom 

the ac  ac gro nd ere c ange   i minance e e  e in e tigate  t e a ection o  
i minance it  amples of high chroma o e e ere rom  to . The shifts of 
redness and i crimina i it  core   i minance e e  ere otte  in ig re  e 
i crimina i it  re t  o  am e  rom  to  ecrea e  it  the shift of illuminance 
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level from   to   hereas, scores of e o i -red hue co or   an   
shifted less than the other colors.  

 

 

 
 

Figure 2: The shifts of redness and discriminability scores by illuminance level 
(from 500 lx to 1 lx) (a) protan, (b) deutan, and (c)normal trichromats 

 

3.3 Spectral reflectance of sample 
 t e a o e re t  t e i crimina i ity results at   ere or e t an at   or mo t 

o  am e  o e er  e a o o taine  t e o o ite re t  e ecia  in protans  to a o e 
in e era  am e  a  o n in ig re  e.g. i crimina i ity results o  o   

o   an  o   at   ere ig er or the same as those at   
Therefore, e e tracted seven colors each that i crimina i ity results improved or 
re ce  o e ectra  re ectance  are o n in ig re  e re ence o  middle-

a e engt  e o i  co or  com onent  as found in samples it  im ro e  
i crimina i it . We consider that the P r in e i t in ence  a o e ten encie  

 

 

 

1035
AIC2015 TOKYO - Color and Image



 

 

 
Figure 3: The spectral reflectances of seven colors, (a) improved discriminability, 

and (b) reduced discriminability. 

4. CONCLUSIONS 
We investigated the color a earance o  re  ot co or in   the evaluation of redness 
an  i crimina i ity rom a ac  ac gro nd in order to find conspicuous package print 
color inks for various illuminant conditions and different types of color vision deficiency. 
The redness as ten  to ar  it  o er er  t o g  o r e erimenta  re t  o e  t e 
samples of around  to  an  ig  c roma generally o tained high score at  . 
High chroma samples highly scored on the i crimina i it  at   or deutan and normal 
trichromats  o e a  ot er  e o i -red hue am e  o taine  noticea e 

i crimina i it  score for rotan at   o e am e  ere im ro e  i crimina i it  
according to decrement in illuminance level, and the presence of middle- a e engt  

e o i  co or  com onent  in spectral reflectance. etter i crimina i it  at   for 
t o e am e  o  e e to t e higher middle- a e engt  components implying the 
influence of the P r in e i t. 

r re t  gge t t at e are a e to re ict an appropriate red spot color ink for 
various illuminants, color vision deficiencies, and application usages  n a ition  e 

o  in e tigate more detail o  in ence  ectra  re ectance o  in  a  a t re i e   
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A Study on the Utilization of Korean Saekdong Color in the Textile 
Arts

m ee 
Pro e or  e t  o  e ti e St i t  ang ong ni er it

ABSTRACT
Sae ong i  a t ica  co or arrangement t at m o i e  to a  orea  e ni e co or 

com o ition an  a tic c aracteri tic  are ro ct  o  re re entati e ae t etic a arene  erein 
t e c t ra  en e  in erent to orean eo e are con en e  an  a e een c o e  e  ring t e 
daily life of Korean people from the Era of the Three States to the modern times. For the arrangement, 
tr ct re  an  ratio o  Sae ong  t e  are t ica  tri e attern  m o i ing t e i o o  an  

o t oo  on t e ni er e o  orean eo e rat er t an a im e en e o  ea t  c  can e ca e  
orea  tra itiona  co or en e  an  t e armon  o  co or arrangement eat ring mo erate  mo ern 
ea t     

e ac gro n  o  t o g t orme  a e  on c  en e o  co or o  orean eo e i  t e co or 
en iti it  o  t e ang co or  i e irectiona  co or  create  on t e a i  o  t e co or en iti it  

o  ang co or   a e  on t e m ang aeng t eorie  intro ce  t ro g  ina  ccor ing to 
c  t o g t  o e er  orean eo e e re e  trong ae t etic con cio ne  o  t e intention o  

goo  omen t ro g  Sae ong  t e ec iar co or en iti it  ma e  atc ing c ot  o  ario  co or  
an  maintaining it a  t e tra itiona  co or attern ni e to orean eo e  e co or  mo t e  or 
Sae ong ere t e  co or  o  ang co or  e c ing ac  erein a mi  o  ario  co or  ere 
com ine  it  e  re  e o  an  ite to en re o t co or tran er   

  ring t e initia  tage  Sae ong e i te  in common in t e t ree tate  e g  orea  ina  
an  a an  ote  o e er  t at t e Sae ong co or arrangement too  root in i er e a  on  in 

orea  ecoming t ica  ro ct   o  ea t  erein c t ra  en e  in erent to orean eo e ere 
con en e   n artic ar  t e ni e en e o  r t m create  rom t e re etiti e arrangement o  a 

ecifie  nit ami  t e a mmetrica  nat ra  en e o  a ance o  t e e t an  rig t o  t e origina  co or  
and the mixed colors is the excellent plastic art element of Korean Saekdong. 

e ert e e  t e range o  ing Sae ong a  gra a  ecrea e   m c  to o r regret  it  
the advent of modern times. It is used in domestic markets as part of tourist products and only on the 

ee e  o  t e im ro e  an o  orea  tra itiona  co t me  rom ic  it i  i fic t to fin  t e 
identity of Korean people. At the same time, the application of modern design to the component colors 
o  Sae ong i  e treme  a i e o ing to t e trong tra itiona  image an  ornamenta  e ect  ere 
i  a o a con i era e ac  o  t ie  on t e e an e  ectr m o  t e mo ern Sae ong co or  aime  
at e re ing t e orean t e image  o ate  t ere a e een man  ca e  o  e e o ing e ign t at 

a  im  orro e  on  t e ormat o  tri e attern  in oreign co ntrie  ea i ing t at not a  o  
t e man  tri e attern  remin  one o  co or  ni e to orea  o e er  one o  e Sae ong 
more acti e  in one  ai  i ing a e  on t e i erentiate  ec iar co or en iti it  containe  in 
Saekdong. 

ere ore  t i  t  a  carrie  o t a e  on t e re ort on t ing contem orar  a tic 
art or  o  i er e genre  to re ita i e Sae ong  ic  are  orea  i entit  a  e  a  t e 
ae t etic con cio ne  o  or  genera it   n artic ar  t e riter a  com ete  mo ern a tic art 
e re ion  re ecting t e co or en iti it  o  Sae ong on  ario  e erimenta  a tic art or  

c  a  e or  o  i e  one  t e riter in t e a t  e mor o ogica  e ement  o  or  are a  
o o

 

 

A Study on the utilization of Korean Saekdong Color 
In the Textile arts 

 
Kum-Hee Ryu 

Professor, Dept. of Textile Stylist, Gangdong University  
 

ABSTRACT 
For the arrangement, structure, and ratio of Saekdong, they are typical stripe patterns 

m o i ing t e philosophy and outlook on the universe of Korean people rather than a 
im e en e o  ea t  c  can e ca e  orea  tra itiona  co or en e  an  t e armon  

o  co or arrangement eat ring mo erate  mo ern ea t  Korean people expressed strong 
aesthetic consciousness of the intention of good omen through Saekdong, the peculiar color 
en iti it  ma e  atc ing c ot  o  ario  co or  an  maintaining it a  t e tra itiona  

co or attern ni e to orean eo e  e co or  mo t e  or Sae ong ere t e  
co or  o  ang co or  e c ing ac  erein a mi  o  ario  co or  ere com ine  

it  e  re  e o  an  ite to en re o t co or tran er  In artic ar  t e ni e 
sense of rhythm created from the repetitive arrangement of a specified unit amid the 
a mmetrica  nat ra  en e o  a ance o  t e e t an  rig t o  t e origina  co or  an  t e 
mixed colors is the excellent plastic art element of Korean Saekdong. Therefore, this study 

a  carrie  o t a e  on t e riter’s report on studying texti e art or  o  i er e genre  
to re ita i e Sae ong  ic  are  orea  i entit  a  e  a  t e ae t etic con cio ne  
o  or  genera it   

INTRODUCTION 
Sae ong i  i  a t ica  co or arrangement t at m o i e  to a  orea  e ni e co or 
composition an  a tic c aracteri tic  are ro ct  o  re re entati e ae t etic a arene  

erein t e c t ra  en e  in erent to orean eo e are con en e  an  a e een c o e  
used during the daily life of Korean people. n artic ar  t e riter a  com eted modern 
te ti e art  e re ion  re ecting t e color sensitivity of Saekdong on various 
e erimenta  a tic art or  c  a  e or  o  i e - moti  it  ac e en t o g  
e c ing ac , Saekdong  an  ite co or  one  t e riter in t e a t. 

 
 <Work1: Saekdong Image Design – Scarf 05A> 

e mor o ogica  e ement  o  or  are a  o o  First, as the relief plastic element of 
atc  or  t e or  e re e  re ie  orm t ro g  t e a tic art com ination an  co oring 

of diversified materials - not t e e i ting nee e or  tec ni e - a e  on t e a tic 
ection i i ion an  atc ing tec ni e o  orea  ra ing c ot  e riter o g t 
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diverse colors of the Saekdong colors 
reinterpreted on the delicate textile 
materials and the contemporary plastic 
expressions in the geometric 
configuration resulting from the material 
patching. Second, as a pictorial Saekdong 
o ect e ement  t e Sae ong o ect a  
assigned as the first accent color of the 
co or anning o  t e or  to e re  t e 
coexistent energy of life, attempting to 
reflect the sensitivity of the Saekdong 
co or  on t e a tic or  a  m c  a  
o i e  e tracting trong 

metaphorical color language from the 
Saekdong pattern and to compose a it  

             or  Sae ong mage e ign  Scar  B>            the principal and auxiliary colors and No. 
 an  o   accent co or  ir  t e existing shape of the large  a tic or  o  ang 

co or  or e  or a ong erio  o  time a  a inear e ement com ining t e Sae ong co or  
it  moti  as depicted in the form of  line, t e m o ic e re ion e ement orming t e 

motif. The Saekdong colors ere introduced to the monotone motif containing much 
energy, as a contemporary textile design.   

 

METHOD 
The follo ing i   o or P anning a e or extile Arts  an  e ain  in etai  o  the 
Author  or rea  or  to e re  mo ern co or  o  Sae ong  

ecia  in t e co or anning or mo e ing or  They are expressed  the energy of life 
on t e or   ing t e co or  of Saekdong cloth to give accents to an entire picture. 

e i e  ro o e  com o ition ta e o  t e co or arrangement it  ominant an  econ ar  
co or  an  or  in e  co or  n etai  the co or anning can e i i e  into  t e  

ic  are e re e  in iagram an  artic ar  mmari e   or   

[T e  The vivid colors extracted from Saekdong colors are arranged as secondary color 
on the geometric solid and added t e n  an  r  contracting accent co or  to Sae ong to 
give the color sensation of Sae ong to t e mo ern mo e ing or  a  m c  a   can   

[Type II  The first, second and third assistant co or to t e acce t co or  ic  are c ear an  
i i  e to t eir ig  c roma e  in Sae ong o ect  t ro g  ater  co or contra t o  
o  rig tne  an  ca m co or tone or t e e re ion  o  cattere  co or ra ing o  mo ern 

Saekdong colors  

[Type III  o create a ni e com o ition it  Sae ong co or  ic  are accent co or  t 
e gre i  a te  image  in ic  a  o  ominant an  econ ar  co or  are tone  o n to 

e re  t e i en ite image o  orean people.  

[Type  n i e ot er or  or ic  t e co or  o  Sae ong c ot  are e  a  accent 
co or or  Sae ong attern o  m ti e co or  i  arrange  on t e i e c ot  o  t e ir t an  
second acce ar  co or   ominant co or  ac  an  ite  ic  i  t e co or  o  moti  
for mono-tone are mixed to maximize the visi i it  o  t e moti   
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e  e co or  o  Sae ong i  t e entire ict re o  t e or  eing arrange  a ong 
it  accent co or  and secondary colors, the numerous paths and traces of Saekdong colors 

are expressed for piling image in the space 

[Type  e  an  e  ic  are t o o  i e car ina  co or  are e  a  ominant and 
secondary color, respectively, for contrast effect. This contra t e e ate  t e e an i i it  o  
image  n a ition  t e moti  attern in ac  an  ite i  arrange  on t e ront  com o ing 
t e ict re a  econ ar  co or a ong it  ite co or ine t at i  ominant co or   t e e 
are an attempt for multilateral color planning.  

 

RESULTS AND DISCUSSION 
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C O L O R Work 4 
  

  

 

CONCLUSIONS 
ne im ortant reca tionar  oint t at o  not e o er oo e  in re ation to i er i ie  

mo ern te ti e art or  n er t i  t  i  t at it a  attem te  at t e mo ern a tic 
expression o  t e Sae ong co or  it  t e remi e t at t e image o  t e re t  o  
carr  ni e g o a  com etiti ene  a ing eci ic nationa it  o ate  t ere a e een 
man  a tic or  an  rior t ie  an  ana i  carrie  o t on co or  regar ing astic 

or  an  orean-style image expression. Through the diverse and aggressive plastic 
e eriment  carrie  o t on co or  ni e to orean eo e  gone i  e t e time  en 

c  co or  mig t e ignore  o ing to tra itiona it  

They also provide an opport nit  to e c  co or  o iti e  a  t e g o a  co or 
en iti it  content  a e  on t e a tic eriorit  o  t e Sae ong co or  o  orea  e 

hope that various color tests and experiments are carried out continuously in the future to 
modernize the Saekdong patterns. 
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Color Adjustment for an Appealing Facial Photography
eonga   an  Hyeon-Jeong SUK
e artment o  n tria  e ign  S

ABSTRACT
a e  a  Se fie  in t e ocia  net or  er ice S S  a e  ortrait otogra  i  one o  t e 

o ar e a ior  o  S S er  e to a gro ing concern a o t more attracti e an  ro e iona  
Se fie  mo t o  t e S S are o ering image fi ter  i  t  in e tigate  o  t e image fi ter  a ect  
t e gment o  ortrait image  n artic ar  e aim at fin ing an n er ing re ation i  et een t e 
co or c ange t at i  occ rre  ring t e imaging fi ter roce  an  t e a ecti e gment o  ortrait 
photography. 

or t e in e tigation  e co ecte  ten ian ortrait otogra  ma e  o  fi e ma e  an  
fi e ema e  an  a  initia  oo  a  ge  a  eing ne tra  or t e ecti e gment  e e  o r 
acia  emotion  inte igent  mane  energetic an  o itar  on e ent  e generate   tim  
et   m ti ing ten otogra  it  o r acia  emotion  or t e in e tigation  t e otogra  
a  re ente  in i t   eig t  in inc  t at im ate  a  inc  mart one i a  an  an 

emotion term a  o n e o  t e otogra   tota  o   co ege t ent  artici ate  in t e te t 
an  t e  ere com ri e  o   ma e  an   ema e

o ena e t e co or mo ification o  t e gi en otogra  to ro er  e re  t e gi en acia  
emotion  e e e o e  a S  contro  nit  e nit con i t  o  t ree ia  an  eac  ia  arie  t e 
hue, saturation, and value properties of an image independently. One turn of hue dial shifts the hue 
ang e   egree  erea  one t rn o  ot  at ration an  a e ia  i t  ercent  

ac  artici ant a  a e  to mani ate t e  S an   ia  nti  t e  reac e  to t e ati actor  
e e  en t e co or mo ification i  com ete  t e mo ifie  ortrait a  oa e  to t e er er an  

t e ne t tim  et a  re ente  ac  artici ant ent t ro g  ran om  e ecte   tim  et  
e ma or in ing  are n o e  into t ree   e en ing on t e emotion term  co or 

mo ification a  i erent  a ie  or e am e  to a ea  inte igent oo  at ration a  ecrea e  
i e e an  a e ere maintaine  n or er to a ea  mane oo  e a  t rne  to ar  arm 

range et een re  an  e o  an  a e a  increa e  n c  a a  e o n  certain com ination  
of manipulations of hue, saturation, and value to highlight certain emotional look. Also most of the 
interaction e ect  ca e   t e t ree attri te  ere tati tica  ignificant at an a a e e  o   

 era  t ere i  a ten enc  t at ema e otogra  a  more a t to ecome rig ter an  more 
re i  acro  t e entire o r emotion term  e ecia  en ma e artici ant  mani ate  ema e 

otogra   e erce t a  co or i erence o  man ace i  non inear among t e t ree co or 
attri te  Partici ant  ere t e mo t en iti e to t e c ange o  e o o e   a e an  at ration  

n a ition to t e em irica  fin ing  e i c e  o  to e an  t i  t   incor orating 
it  ot er mo ification  c  a  contra t an  ar ne  to ac ie e a more ractica  an  er ati e Se fie 

service.

Color adjustment for an appealing facial photography
Kyeong ah Jeong, Hyeon-Jeong Suk,

e artment o  n tria  e ign, KAIST

ABSTRACT
This t  in e tigate  t e re ation i  et een t e co or a tment  an  re erence

gment o  acia  o r acia  otogra  ere gi en an ect  ere a e  to choose
more attracti e an  i ea e otogra  et een a air o  acia  otogra displayed in 
t o i entica  mart one   tim i ere a te  it  co or a tment  com ri e  
of ig tne  ontra t  Sat ration  an  a  an   a es in  co or ace  Through 
an orthogonal design, a total of  com ination  ere anne  inc ing  o o t  a e  
on the gment  or the paired comparisons, on oint ana i  a  er orme  an  the 
im act o  eac  attri te an  t e e e  o  it in eac  attri te ere i enti ie  ontra t 
a  t e igge t im act o o e   ig tne  Sat ration  an  e a e  a  or  i  

ten enc  a  ound across all four photographs. The results provide guide to improve the 
a it  o  acia  otogra  an  imitation  are i c e  

1. INTRODUCTION
a e  a  Se ie  in t e ocia  net or  er ice S S  a facial photography is one of the 
o ar e a ior  o  S S er  e to a gro ing concern a o t more attracti e an  

professional Selfies, most of the SNS are offering image filters. The profile images on
Socia  et or have a c aracteri tic t at can e e o e  to ar  unspecified 
individuals ao  ra m c  an  artin , and they are regarded as one of the most 
o er  a s to express one desired impressions on t e net or i on  eino  an  
i  . Studies on self-presentation analysis revealed that people tend to upload their 

online profile image  not act a  er ion  t e ite  er ion  ic  are re ecte  t eir o n 
ideal images i on  eino  an  i  . Under this circumstance, the photo editing 
applications try to meet ocia  net or  er demands to change their profile photos.

on e ent  the photo editing applications contain filter n e  ic  modify the image 
characteristics and t ere  im ro e impressions of photos. In this regard, e tries to find 
an n er ing re ation i  et een t e co or a tment  t at a ect  gment o  facial
photography. 

2. METHOD

2.1 Material and color adjustment
We purchased four portrait photos from iStock®, and the four consisted of t o ma e  an  
t o ema e ig re . en e ecting t e o r otogra  e intended to avoid the 
e terna  e ect c  a  ac gro n  co or  c ot es iot an  ie ta , and the initial 
facial expressions  ccor ing  e c o e ne tra  acia  e re ion an  t en remo e  the 
ac gro n  and modified the clothe eit er in ac  or ite  or t e gra ica  e iting  e 
e  t e P oto o  S  
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We purchased four portrait photos from iStock®, and the four consisted of t o ma e  an  
t o ema e ig re . en e ecting t e o r otogra  e intended to avoid the 
e terna  e ect c  a  ac gro n  co or  c ot es iot an  ie ta , and the initial 
facial expressions  ccor ing  e c o e ne tra  acia  e re ion an  t en remo e  the 
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Figure 1: Original photos of 4 stimuli (from left, male A, male B, female A, female B) 
 t e co or attri te  or t e a tment  e mani ate  t e o o ing i e a ect   

e ig tne : direct a tment o    ontra t: a igmoi  a tment to   
Saturation: m ti icati e a tment to a at a constant ha   an   a and values:
a tment at a  an   coor inate  in t e  system. What particular in our study

a  t at e artic ate  t e a  an   in en en ent  erea  mo t o  t e re ate  t ie  
gro e  a  an   into e era  nomina  categorie  Then e arie  the levels of each 
attri te some at i erent  a  re ente  in a e  While altering the levels of color 
attri te  e a ica  r e maintaining ae t etica  acce ta e a it  an  t  e 
re erre  to a re io  t  in t at t e acce ta e range o  e iation o  co or attri te  

ere ro o e ernan e  airc i  an  ra n . S e ent  it  regard to the 
ig tne  ontra t an  Sat ration  e a ie  e e  erea  e i   e e  or ot

a* and . e create  t e a te  image  in at a   

Table 1. Summary of the levels of adjustment value on five color attributes.

o or ttri te
e e

a c e

ig tne - - Original

ontra t Original

Saturation Original

a* value - Original

 a e - Original

In order to reduce t e n m er o  com ination rom t e entire actoria  e ign  
ile minimizing the loss of information, e create  on   com ination   

through an rt ogona  e ign  ter a ing a e  anot er  com ination  a  t e o o t  
e re are  a tota  n m er o   com ination  or t e ecti e a e ment on i ering 

the Se ie conte t  e i a e  t e oto  on a mart one o e creen i e i  
inches in i t  an   inc e  in height.
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2.2 Method
 tota  o   co ege t ent  com o e  o   ma e  an   ema e  artici ate  in 

e eriment  e a rage age o  t e ect  a   ear  it  a tan ar  e iation o  
 ear

e e eriment  con i te  o  t o art  In the first part, e a e  t e ect  to 
evaluate each of the four original photography using a set of criteria. The criteria included 
t e o o ing i e a ect  ro o e   i i  an  o oro  : Attractiveness, 

i ea e  om etence  r t ort ine  an  ggre i ene We intended to identify the 
a e ine o  eac  otogra  an  ect  ma e gment  o  eac  otogra  ing -
oint i ert ca e   strongly disagree,   trong  agree In the latter part, e a o te  

a pair comparison method  an  t  ro i e  eac  ect it  a air o  otogra  
i a e  in t o i entica  mar one  Since e re are   com ination  a total of  
aire  com ari on    ere ac ire . We re e te ect  to choose a 

more attracti e otogra  t an t e ot er it in  econ  an  a  co  ea i  ma e t e 
decision. 

e e eriment room a  it it   an  i minance a    n er t i  
i mination  t e mino it  re ecte  rom a ite area in t e content image a  mea ured 
as cd/m .

2.3 Results and analyses
a e  on the assessments in the first part  e com are  t e mean i erence  among t e  
otogra  it  regar  to t e  criteria  an  o n  t at t ere ere differences of initial 

impressions among the four. e eate  mea re ne- a   ie e  t e tati tica  
i erence an a a e e  o   or e am e  in term  o  egree o  ttracti ene  
ema e  got t e ig e t core ) o o e  a e  ema e  an  a e  

ere ore  e o  ta e t e in ividual difference into consideration during the analysis 
of the data. 

Table 2. Mean and standard deviation of the 4 photographs when original. (N = 30)

ttri te Male A a e Female A ema e 

Attractiveness   

i ea e     

om etence     

r t ort ine     

Aggressiveness     

en e accumulated the gment  o  aire  com ari ions, and transformed the data 
into the ran  or er  a e  on t e  ca e   ect    et  o  otogra  o  ran e  
ata  e er orme  a on oint ana i  in SPSS   to i enti  t e re e ance o  each 

attri te i e  re ati e im ortance  a  e  a  eac  e e  it in eac  attri te i e  ti it  
e o o ing ig re  re ent  t e a erage  im ortance a e  o   cases. Among the 

i e co or attri te  ontra t a  t e greate t im act i e  i  t e smallest one. A 
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e eate  mea re ne- a   con irme  t at t e a erage  a e  o  re ati e 
im ortance ere tati tica  significant [F     Moreover, a strong 
o iti e corre ation a  o n  et een t e ran  o   com ination  and those of 3 

holdouts en a  ta  p  , supporting a ig  e e  o  re ia i it   
 

Figure 2: Relative importance of the five attributes.

Futhermore, the ti it  core  o  eac  o  t e  attri te ere re ea e  ig re  an  
e orme  t e e t com ination a  o o         

maximum of sum of utility .

Figure 3: Utility of each level on five attributes

o e o er e  ite imi ar ten enc  et een ma e  an  ema e  in icating t at t e 
co or a tment can e a ie  to ot  gen er . n ot  gen er gro  ontra t a  t e 
tronge t im act o o e   ig tne  Sat ration  a  an  t en  e on  ig t 

Figure 4: (Above) Original photos (Below) Adjusted to be the most appealing
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i erence a  o n  in t e ti it  core  o   ore i ema e otogra negative
 ere re erre  i e more e o i  ma e otogr a positive  ere re erre  

n a ition  e concerne  a o t the individual difference among the four photographs 
it  regar  to t e initia  im re ion  o e er  t e on oint ana i  ie e  imi ar 

ten enc  acro  t e o r i erent ace  i  im ie  t at t e co or a tment to ma e a 
acia  otogra  to e more attracti e can e ni er ally applied to different faces 

ig re 

4. CONCLUSIONS
This study revealed the re ati e im ortance o  co or attri te  for the impressions of facial 
photography. e em irica  t  o e  t at ontra t a  t e mo t e ecti e on ot  
ema e an  ma e oto  erea   a e c ange a  t e ea t  In particular, the most 

attracti e i ea e com ination o  co or attri te  on oto  a  propo e  in t e o o ing 
procedure   amo nt increa e o  ig tne  a e   m ti e amount of Saturation value, 
origina  ontra t a e  origina  a  a e an   amo nt negative i t o   a e  When 
t e ti it  core  it in eac  attri te ere com are  it a  o n  t at origina  contra t 

a  t e mo t re erre  o e er  rt er in e tigation o  e carrie  o t it  non-
professional photographs o e ae t etic a it  i  not ro e iona  contro e .

e ert e e  a con i tent ten enc  a  o n  acro  a  o r otogra  ic  im ie  
t at t ere i  a gro n  tr t  it  regar  to t e preference for facial photographs. In a future
study, t e em irica  t  o  e an  to inc e i erent initia  a it  o  t e 

otogra  an  i erent et nic gro  not on  a  tim i t a o or t e gment  
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e artment o  n tria  e ign  S

ABSTRACT
o or i  a com e ing c e t at a ect  t e ae t etic  an  t e moo  o  an art or  or a e ign  

n or er to ort ro er co or c oice  t ere a e een attem t  to e e o  a gorit m  or too  t at 
generate a et o  co or  ic  oo  ae t etica  a ea ing  o e er  con tr cting a ati fie  co or 
c eme i  ti  c a enging e to t e imite  ractica it  an  ea  t eoretica  ac gro n  o  e i ting 

models. 
n t i  regar  t i  re earc  aim  to in e tigate attern  o  co or com ination  t ro g  e oring 

t e atent re ation i  among co or  in co or c eme   net or  ana i  a  a o te  to e amine t e 
re ation i  o  co or  an  to i enti  e  a er  o  t e co or net or  

or t e net or  ana i  e co ecte   co or t eme  rom o e er o e o or 
 ata a e an  fi tere  o t  o ar co or t eme  o e core  are ig er t an  o t o   

en e tran orme  eac  co or t eme into no e  an  in  ata   no e in icate  a ing e co or  an  
a in  i  a connection et een a air o  co or  Since e er  co or c eme con i t  o  fi e co or  e 
e tracte  fi e no e  an  ten connection      rom eac  co or c eme  n a ition  t e  
core  a  it a  initia  cra e  ere ma e  into t e a  ace  e  a   core  ere 

ro n e  o  to e er  or e am e a co or it   a   a  tran orme  to  a   
on e ent  t e co or anti ation aggregate  m ti e co or  into one  an  e e  to con tr ct a 

conci e an  en er net or  
 a re t  a net or  it   no e  an   e ge  a  generate  an  mea rement  

o  centra i ation an  mo arit  ere ca c ate  e centra it  gge te  t at co or  it  e treme 
 a e ere e  more o ten to con tr ct a co or c eme t an co or  it  mo erate  a e  n 
artic ar  co or  it  ig er  a e  o e  remar a e centra itie  t ro g o t t e entire co or 

net or  n t e a ect o  roma  mo t o  re i  co or  a eare  in t e o  range o   erea  
i  co or  more re ent  a  ig er  a e  n o era  o e er  ig  centra i e  co or  a  

re ati e  o  c romaticit  e ana i  o  mo arit  re ea e  t at co or  o e  a trong ten enc  
to e gro e  it  co or  ic  a  imi ar e  e e re t  o  a re ation i  et een e an  
t e i tri tion o   a e  it in a co or c eme   e attem te  t e net or  ana i  can ro i e 
im ication  o  o ar co or  are re ate  in a antitati e an  int iti e a  an  ena e  com arati e 
ana i  in ario  ie oint  ic  an  ea i

 

 

Understanding popular relationships among colors through 
the network analysis for crowd sourced color data 

EunJin KIM,  Hyeon-Jeong Suk  
 e artment o  n tria  e ign  S  

 

ABSTRACT 
i  t  ma e  a ni e attem t to a o t Socia  et or  na i S  in or er to 

exploit the potential of t e cro  o rce  large-scale color data. We anticipate 
understanding t e tren  o  co or com ination  an  t e a  o  generating armonio  co or 
schemes. asic concepts in SNA are introduced a ong it  t e met o  o  con tr cting a 
co or net or  rom t e existing color data a e called o e er®. In relation to the 
characteristics of SNA, the implication of adopting SNA is disc e  i e emon trating 
its ene it  through findings from the net or  ana i  o  a color ata a e. ario  a  o  
visualization of the color data are suggested to illustrate the difference among them. In 
addition, uantitative metrics are ca c ate  ic  i enti  t e re ati e im ortance o  
individual colors and t e entire tr ct re o  a net or  The result reveals key players of a 
co or net or  an  gro  o  co or  ic  are armoni e  e  to eac  ot er   

 

1. INTRODUCTION 
Utilizing a harmonious color scheme is often essential to make an aesthetically pleasing 

art or  an  e ign. In order to support a proper color c oice  t ere a e een t ie  t at 
are focused on developing algorithms or tools to generate a set of color S en et a   

i e aar  et a    et a  . o e er  con tr cting a ati ie  co or c eme i  
still challenging e to t e imite  ractica it  an  ea  t eoretica  ac gro n  o  e i ting 
mo e  n t i  regar  t i  re earc  aim  to in e tigate attern  o  co or com ination  
t ro g  e oring t e atent re ation i  among co or  in co or c eme   net or  ana is 

a  a o te  to e amine t e re ation i  o  co or  t at are generate   cro  and to identify 
ke  a er  o  t e co or com ination  an  t e gro  that consist of closely related colors.  

 

2. APPLICATION OF SNA FOR A LARGE-SCALE COLOR DATA 
Social Net or  na i  S  a  een cce  ti i e  in ario  ie  to 
understand the structure of a community, a society and even a io ogica  tem nnett an  

a man  e et a   anc et an  ame  . om are  to tra itiona  re earc  
met o  S  oc e  on t e re ation i  an  emerging tr ct re  orme   re ation i  
Scott  e to t i  c aracteri tic  S  a  een supported t e i enti ication o  ne  
ara igm  an  atent attern  eneat  t e tr ct re  o a a  a gro ing n m er o  

researches adopt SNA to investigate the structure, determinants, and impacts of relationships 
et een actor  To o r e t no e ge  o e er  it a  een et a ied to the large-scaled 

co or ata  e ecia  a ata a e of color schemes i t  cro .  co or c eme can e 
ea i  inter rete  a  re ationa  ata among co or  t at e ong  to a ame c eme  n a ition  

o e er®, one o  t e arge t co or c eme ata a e  ro i e  not on  t e co or 
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c eme  t a o t e rating  or eac  c eme t at are gi en  n mero  er  It is expected 
that existing color schemes and their ratings can provide relevant guidelines to identify a 
harmonio  com ination  o  co or  t at i  a ica e to a ne  art or   e made an 
attem t to e ore t e co or c eme  o  o e er ing S   

 

Table 1. Summary of the charcateristics of SNA and its implications on a color network . 

aracteri tic s of 
Socia  et or  na i  

e ate  
SNA metrics 

Implications of applying 
SNA to a color net or  

e ate  e am e  
from SNS studies 

ic  an  ea  
visualization of ig 
ata a e 

- 
An easy and intuitive 

understanding of popular 
colors See  

- 

Identifting the relative 
importance of a social 
actor depending on the 
net or  o ition 

loseness 
centrality 

Identifying universal 
co or  ic  are ea  to 

matc  it  i er e 
colors See  

A user o can 
reach to all other 
users it  e er 

steps using a 
rien i  net or  

Identifying t e gro  
o  a net or  accor ing to 
the relational data. 

Modularity 

Identifying a group of 
colors that are often used 

together in order to 
construct a color scheme 

See  

A group of users 
that have intimate 

and dense 
rien i  it  

each other  

 

ication o  net or  ana i  to a cro  o rce  ata a e a  e era  a antage  ir t 
o  a  S  ena e  a ic  an  ea  i a i ation o  large scaled ata  e to t e i a  
properties of color data, an immediate visualization of data facilitates initial analysis and 
inter retation o  t e entire ata et  Secon  net or  ana i  oc e  on t e re ationa  ata  
and this focal point is much more appropriate to in e tigate t e com ati i it  o  a co or rat er 
than its popularity t at can e ea i  captured and compared  con entiona  met o . SNA 

ro i e  antitati e metric  c  a  c o ene  centra it  t at mea re  t e re ati e 
importance of a node in the aspect of connectivity a node has. i  can e em o e  to 
i enti  ni er a  co or  t at a e een e onge  to man  co or c eme  it  i er e 
com ination  S  also supports a clustering of nodes using a modularity algorithm that 
identifies gro s of intimate colors a e  on t e re ationa  ata.  

In conclusion, S  a o  ric  an  in ormati e ana i  to in e tigate atent t ractica  
no edge that traditional methods are ar  to i co er  a e  mmari e  t e 

characteristics of SNA and its im ication on t e t  o  co or ata a e it  t e com ari on 
o  e am e  rom Socia  et or  Ser ice S S  t ie  Perr -Smit   e man  .   
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o  a net or  accor ing to 
the relational data. 

Modularity 

Identifying a group of 
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than its popularity t at can e ea i  captured and compared  con entiona  met o . SNA 
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importance of a node in the aspect of connectivity a node has. i  can e em o e  to 
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com ination  S  also supports a clustering of nodes using a modularity algorithm that 
identifies gro s of intimate colors a e  on t e re ationa  ata.  

In conclusion, S  a o  ric  an  in ormati e ana i  to in e tigate atent t ractica  
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o  e am e  rom Socia  et or  Ser ice S S  t ie  Perr -Smit   e man  .   

 

  

 

 

3. CONSTRUCTING A COLOR NETWORK 

3.1 Data collection and processing 
n or er to con tr ct a co or net or  e ti i e   co or t eme  o  o e er o e 

Color CC) which were collected and distributed by O’Donovan et al . We filtered out 
 o ar co or t eme  o e core  are ig er t an  o t o   en e tran orme  

each color theme into nodes and links data. A node indicates a single color, and a link is a 
connection et een a air o  co or  ic  are inc e  in t e ame co or c eme  Since 
e er  co or c eme con i t  o  i e co or  e ere a e to e tract i e no e  an  ten in  

    rom eac  co or c eme   

n a ition  t e  core  a  it a  initia  cra e  ere ma e  into t e a  
ace  e  a   core  ere ro n e  o  to e er  or e am e a co or it   a  

 a  tran orme  to  a   on e ent  t e co or anti ation aggregate  
multi e co or  into one  an  e e  to con tr ct a conci e an  en er net or  

3.2 Visualization in Gephi® 
ti i ing t e anti e   a  a e  o  o e er ata  a co or net or  it   no e  

an   e ge  a  generate  An open o rce o t are e i as utilized in order to 
visualize the net or  an  an e it  ig re  o  a i a i e  co or net or  ic  i  
composed of co or  t at are e  more t an  time   

 
Figure 1: A color network of colors which are utilized more than 50 times 
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4. FINDINGS FROM THE NETWORK ANALYSIS 

4.1 Identifying key players through a visualized network 
As previously mentioned, S  a  nota e c aracteri tic  an  a antage  t at are 

different from other research methods. First, it ro i e  an e ecti e a  o  i a i ation 
ic  ena e  an int iti e n er tan ing o  t e entire ata  Figure  o  t ree net or  
ic  ti i e  t e ame ata t  devised different filtering criteria to emphasize the key 

players of a color net or  e e t net or  ro i e  a oo  o  net or  that are composed 
o  co or  ti i e  more t an  time  egree  It co er    o  t e entire in  an  

o  t e genera  ten enc  o  t e co or ti i e   cro . e mi e one o  o ar 
co or  t at are ti i e  more t an  time   o n in t e graph, most of reddish colors 
a eare  in t e o  range o   erea  i  co or  more re ent  a  ig er  a e  
The right ig re a  generate   a ing t e criterion o  egree  more t an . In this 
ca e  on  a e  co or  are i a i e  and it is really easy to identify the extremely popular 
colors t at are re ent  ti i e  t ro g o t t e ata a e  To summarize, SNA provides an 
ea  an  e ecti e a  o  re re enting t e ata i e in e tigating t e relationships it  
diverse perspectives. It a o ro i e  an int iti e ie  to com are more t an t o i erent 
co or net or  ecia  en it com ine  it  time-dependent data, it is expected that 
t e tren  c ange o  o ar co or  can e trace  an  com are  ea i  ing t e co or 
net or . 

  

Figure 2: Networks with different filtering criteria - nodes of 20, 70, 200 degrees respectively 

 

4.2 Identifying universal colors using a closeness centrality measure 
A color scheme is often constructed it  more t an  co ors. Hence, it is important to 
identify colors that can e ni er a  matc e  it  ot er co or  in tea  o  ca t ring ing e 
co or it  a e treme o arit  n t i  regar  a co or ic  a  a c o er re ation i  it  
other colors is more meaningful than a co or ic  a  een re ent  e  a  a mem er o  
a color scheme. The measure of closeness centrality relates to the concept of universal match, 
and it calculates the average distance from each node to every other nodes in t e net or  
For instance, the a e  o  c o ene  centra it  in icate  t at t e no e can reac  to ot er 
no e  it in t o egree  in a erage  e ig er c o ene  centra it  im ie  t at a co or can 
e connecte  to ot er co or  it  a oter i tance  an  it increa e  t e o i it  that a color 
e ong  to ario  co or c eme   ere ore  a co or it  a ig er c o ene  centra it  can 
e regar e  a  a universal one ic  i  com ata e to an  com ination   
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Figure 3: A partial network to compare two colors with different closeness centralities 

 

n a net or  co or  ic  o  ig er c o ene  centra ities o ten o er a  it  t e o ar 
co or  ic  are ti i e  more re ent  t an ot er  t not a a  t e ame  ig re 3 

o  t o co or  in a net or  it  a c o er oo  t e highlighted color on the right side of 
t e net or  re re ent  a co or it  a ig er c o ene  centra it   erea  t e left one 
re re ent  a o ar co or ti i e  more re ent  t e  centra  .  o n in t e 
gra  t e co or it  ig er centra it  a  trong re ation i  it  ot er co or  t at are 
o ar a  t eir i e re re ent  o e er t e e t one it  a o er centra it  a e a  

re ati e  e  in  it  ot er o ar co or  e trong connecti it  it  ot er o ar 
colors increase the o i i it  t at the right color reach to other colors to construct various 
com ination  n genera  co or  it  remar a e centra itie  a e e treme  a e  an  
o er c romaticities throughout the entire graph.  

 

4.3 Identifying groups of harmonious colors using a Modularity measure 
The modularity algorithm looks for nodes that are more densely connected together than to 
t e re t o  t e net or  e man  e no e  t at e ong to t e ame modularity group 
a  a trong re ation i  it  eac  ot er eca e t e  a e een re ent  ti i e  in t e 
ame co or c eme toget er  ere ore t e mo ar mem er i  o  a co or can e employed 

to con tr ct a co or c eme ic  a  een ro e  a  armonio  com ination   n mero  
users.  o n in t e ig re , color schemes that consist of colors from the same modular 
groups are relatively more harmonious than schemes composed of colors it  i erent 
mo ar mem er i   

 
Figure 4: Color schemes that are generated using the Modularity of colors 
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5. CONCLUSION 
In this stu  Socia  et or  na i  a  een a o te  in or er to e ore t e cro -
generate  co or ig ata  e a e i c e  t e met o  to con tr ct a net or  ing t e 
exsiting color data a e  an  a e intro ce  re e ant metric  an  met o  t at are a ica e 
to t e co or ata  e con tr cte  net or  a  ana e  an  inter rete   i a i ing it 

it  i erent i tering criteria  an   ca c ating net or  mea rement  c  a  c o eness 
centrality and modularity. The mea rement o  c o ene  centra it  re ea  t at co or  it  
e treme  a e  an  o  c romaticitie  are more com ata e it  ot er co or  e a o 
generate  co or c eme   em o ing t e mo arit  mem er i  o  co ors, and the colors 
from the same modular groups produeced more harmonious color schemes. In conclusion, 
t e net or  ana i  ro i e  a no e a  o  in e tigating co or ata in t e er ecti e o  
relatinships among colors, and suggests findings that conventional methods are hard to 
reveal. o e er t i  t  i  inten e  a  a ri iminar  re earc  to intro ce t e im ication 
an  ene it  o  a ing a net or  ana i  or rt er t ie  it i  re ire  to e e o  
relative analysis methods and verify its signi icance in or er to en ance re ia i it  an  
ractica it  o  net or  ana i  in co or t ie   
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Eliciting the Color Bizarreness Effect Using Photographs
i o  an  Saki FUNAKOSHI

ra ate Sc oo  o  cation  iro ima ni er it

ABSTRACT
o or t ica it  a  eeme  to a ect on er ormance o  a ict re memor  ta  en an o ect 

i  t ica  co ore  t e co or i  remem ere  more acc rate  t an en it i  at ica  co ore  t i  
e aine   t e act t at e can acce  t e rotot e ea i  en t e o ect i  nat ra  co ore  i  
co or t ica it  e ect eem  to e ro t  n contra t  incongr ent tim i entence  image  ict re  
a e een o n  to increa e attention  re ting in ig er er ormance on memor  ta  com are  it  

congr ent tim i  t e o ca e  i arrene  e ect  e re io  t   t e e a t or  in e tigate  
t e co or i arrene  e ect in ine ra ing

e c rrent t  in e tigate  t e mec ani m ro cing t e co or i arrene  e ect  e 
mani ate  t e o ect co or o  otogra  rat er t an t at o  ine ra ing  e e ecte  t at t e 
trangene  o  t e i arre  co ore  tim i i  arger in otogra  t an t at in ine ra ing  e 

o ect  ict re  ere e act  t e ame a  t o e in t e re io  t  ic  o n  a co or i arrene  
e ect it  ine ra ing  

e artici ant  in t i  t  com ri e   ni er it  t ent  n an initia  earning e ion   
otogra  o  o ect  ere re ente  one at a time  e  ere co ore  in t ica  co or  e g  e o  

anana  r e egg ant  or i arre co or  e g  e anana  orange egg ant  e artici ant  ere 
a e  to e a ate t eir im re ion  o  t e otogra  ter t e earning e ion  artici ant  ere 
a igne  to a min te inter erence ta  i  a  o o e   a min te ree reca  te t e ion

e reca  er ormance re t  i  not o  a i arrene  e ect or a t ica it  e ect   t e 
i arre  co ore  otogra  i  not ro ce co or i arrene  e ect i  i c e  Pre io  t e 

a t or  e amine  t e co or i arrene  e ect ing ine ra ing  e roce re a  e act  t e 
ame a  t i  c rrent e eriment e ce t t at t e tim i ere ine ra ing  not otogra  at 

e eriment i  ro ce i arrene  e ect  n a oc ana i  o n  t at t e trangene  o  t e fi er 
tim i  t at i  t ica co ore  tim i  a ecte  t e i arrene  e ect  eca e t e t ica co ore  

oto tim i eeme  to e a itt e nnat ra  i arrene  e ect ecrea e  
i  mec ani m or t e co or i arrene  e ect can e a ie  to create tri ing te t or 

advertisements.
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o ect i  t ica  co ore  t e co or i  remem ere  more acc rate  t an en it i  
at ica  co ore  n contra t  incongr ent tim i a e een o n  to increa e attention  
re ting in ig er er ormance on memor  ta  com are  it  congr ent tim i  t e o-
called “bizarreness effect”. The previous study by these authors investigated the color 
i arrene  e ect in ine ra ing  e c rrent t  mani ate  t e o ect co or o  
otogra  rat er t an t at o  ine ra ing  e e ecte  t at t e trangene  o  t e 

i arre  co ore  tim i i  arger in otogra  t an t at in ine ra ing  e o ect  
ict re  ere e act  t e ame a  t o e in t e re io  t  ic  o n  a co or 
i arrene  e ect it  ine ra ing  e artici ant  in t i  t  com ri e   

univer it  t ent  n an initia  earning e ion   otogra  o  o ect  ere re ente  
one at a time  e  ere co ore  in t ica  co or  e g  e o  anana  r e egg ant  or 
i arre co or  e g  e anana  orange egg ant  e reca  er ormance results did not 
o  a i arrene  e ect or a t ica it  e ect   t e i arre  co ore  otogra  i  

not ro ce co or i arrene  e ect i  i c e  Pre io  t e a t or  e amine  t e 
co or i arrene  e ect ing ine- ra ing  e roce re a  e act  t e ame a  t i  
c rrent e eriment e ce t t at t e tim i ere ine- ra ing  not otogra  at 
e eriment i  ro ce i arrene  e ect  n a -hoc analysis found that the strangeness of 
the filler stimuli, that is, typically-colored stim i  a ecte  t e i arrene  e ect  eca e 
the typically-co ore  oto tim i eeme  to e a itt e nnat ra  i arrene  e ect 
ecrea e  i  mec ani m or t e co or i arrene  e ect can e a ie  to create tri ing 

text or advertisements.  

1. INTRODUCTION 
The so-ca e  i arrene  e ect i  t e t eor  t at eo e a e etter memor  or i arre 
items as compared to common items, a in ing re erre  to a  t e i arrene  e ect eraci  

c anie  i er   g e  . Many of the studies on this theory have used i arre 
image  or entence  a  tim i  o e er  ome t ie  triggered this effect using pictures 
e g  o n en  ico a  , advertisements e g  S ot   att e  , or 

personal information e g  ran t  ar iner   acrae  . 

e mec ani m o  t e i arrene  e ect a  et to e clarified  t one of its underlying 
factors is that i arre tim i attract attention  not er actor i  t at i arre or ne ecte  
items activate particular encoding processes. When the e ent i  more e a orati e  
roce e  i arre item  are enco e  it  a ric er et o  c e  t at are especially useful in 

retrieval c anie  e o  a   ra  . 

The present t  in e tigate  t e mec ani m ro cing t e co or i arrene  e ect  
While color typicality evidently affects performance of picture-memory tasks, some studies 

a e re orte  t at en a ine ra ing i  t ica  co ore  it is more accurately 
remem ere  t an en it i  i arre  co ore  e g  orita   atner  c art y, 
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. In such cases, it i  o i e t at the co or i arrene  e ect scarcely occurs. In 
contrast, e o n  a co or i arrene  e ect it  ine ra ing  as participants recalled 
more i arrely colored line ra ing  t an commonly colored ones orita  na o i  in 

re . 

Our present study used e act  t e ame o ects as in the previous study orita  
na o i  in re  t o e  t em in otogra  rather than line ra ing  We 

mentione  a o e that some studies found a color typicality effect for pictures; o e er  
e  have examined t e co or i arrene  e ect   e arranged conditions to induce the 
i arrene  e ect  e e amine  et er e could in  t e co or i arrene  e ect en 

using photographs. 

2. METHOD 

2.1 Participants 
The participants in this study ere  ni er it  t ent , and the experiment consisted of 
small groups of one to five participants. 

2.2 Stimuli 
e e ecte   o ect  a e  on t e our previous studies that used line ra ing  orita  
na o i  in re . We then chose photographs of t e o ect  rom a ata a e o  
c o ogica  otogra  an  e ite  

Of t e  o ect   ere a igne  to target tim i  ic  ere ere co ore  it  
either a common or i arre co or  not er  o ect  ere a igne  to i er stimuli. The 

i arreness effect can e e ecte  to e arger en t ere are more common item  
employed. For example, ir man  e e   Pa i   found that the effect occurred 

en t ere ere o r i arre entences and  common entence  t not en t ere ere 
 i arre entence  an  o r common entence  To prevent primacy and the recency 

effect, the remaining o r o ect  ere a igne  to mm  tim i  ic  ere re ente  
as the first and last items on the list. arget item  ere co nter a anced across participants. 
A participant a  re ente  i  i arrely colored targets, six commonly colored targets   
commonly colored fillers, and the dummy stimuli. 

To compare the effect, the i arre co or an  the common co or o  t e e tim i ere t e 
same as in orita  na o i in re  using line ra ing  o e P oto o  a  e  
to co or t e otogra  tim i ig re  

 
Figure 1: Examples of commonly colored and bizarrely colored stimuli. 
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2.3 Experimental Procedure 
The experiment consisted of a learning session and a free recall test session. In the initial 
earning e ion   otogra  o  o ect  ere re ente  one at a time  Po erPoint  

One trial consisted of a ga e oint  ec  otogra  o  t e o ect  ec  an  t e o ect 
name attac e  to t e otogra   ec  Partici ant  ge  et er it a  easy to identify 
t e o ect  an  rate  on a three-point scale. After ie ing t e  tim i  artici ant  ere 
made to perform to a distraction task  en ing  minutes an ering a e tionnaire. In the 
a t te t e ion  artici ant  ere a e  to reca  t e names o  t e o ect  re ente  in t e 

learning session. 

3. RESULTS AND DISCUSSION 
ig re  o  t e mean proportions of recall of the common an  i arre targets. The 

mean recall rate o  i er tim i a   A t-test found no significant difference 
et een t e reca  er ormance n er t o con ition ; t e i arrene  e ect i  not occ r  
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Figure 2: Mean proportion of recall of commonly colored and bizarrely colored stimuli. 
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Figure 3: Mean proportion of recall of commonly colored and bizarrely colored stimuli 

excluding five participants. 
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o e er  i e artici ant  had a recall rate o  e o   or a  tim i  t i  o i e 
these five did not perform the task sincerely   e analyzed the recall rate for the target 
stimuli again, excluding these five participants’ data (Figure 3). A t-test found that 
i arrely co or target  ere reca e  margina  etter t an commonly colored ones. 

The study’s objective a  to in e tigate ether the co or i arrene  e ect co  occ r 
under conditions arranged to induce t e i arrene  e ect  e c rrent t  e  

otogra  e ecting t at t e trangene  o  t e i arre  co ore  tim i o  e 
greater t i  a  as opposed to using line ra ing  

The results o e  no igni icant i erence et een common an  i arre co ors. When 
excluding five participants from apparently underperforming participants, the i arrene  
effect a  o n  to occ r at a marginal level. Though this experiment a  con cte  n er 
conditions for inducing t e i arrene  e ect  the effect seldom surfaced. 

n com aring o r re ent an  a t t ie  e note t e roce re a  e act  t e ame 
except the previous tim i ere ine ra ing  rather than photographs. Ad-hoc analysis 
found that ome at trange attri te  of the filler t ica  co ore  stimuli affected the 

i arrene  e ect  i  a  eca e t e t ica  colored photo stimuli seemed slightly 
unnatural, and thus the i arrene  e ect decreased. 

This e eriment a e  in ig t a o t t e mec ani m o  t e i arrene  e ect  We 
suggest that the process differs et een t e differently colored o ects. a a ort  

m re   i oc   reported that a search for a common color-form 
con nction a  ni uely efficient. That study gge te  t at earne  in ing  can e 
com te  it  minima  attentiona  imitation  n contra t  t e earc  or i arrely colored 
o ect  a  o  con i tent it  eria  attention eing re ire  to i ting i  target  an  
nontargets. ere e gge t t at i arrely co ore  tim i nee  a itiona  roce ing it  
attention. This additional processing is found to produce the i arrene  e ect and, thus, 
o er ance o  t e co or i arrene  e ect o  come as no surporse. In contrast, memory 

er ormance i  en ance  to t e e tent t at t e conte t orm  an  integrate  nit it  t e 
target   common o ect i  ie  erior memor  er ormance eca e a more e a orate 
trace i  ai  o n an  eca e in c  ca es the structure of semantic memor  can e used 
more effectively to facilitate retrieval ai   ing   i  ric  e a oration i  
indicated to produce a typicality effect. 

4. CONCLUSIONS 
In this experiment, neither o  t e e t o e ect occ rre  c ear  e co  not conclude that 

i arrely colored o ects are easier to remem er  t eem  to e i ic t to ro ce the 
i arrene  e ect using color manipulation. i  ma  e e en ent on t e color-shape 

con nction or trangene  o  the color.   

REFERECCES 
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ABSTRACT
o or irect  a ect  t e art o  man ner o  tem ic  i  re on i e or emotiona  

aro a  n t i  conte t emotion  are regar e  a  com e  roce e  o  connecte  e ent  ic  inc e 
tim  cognition  ecti e ee ing  e a ior an  e ect o  t at e a ior  n or er to e erience an 

emotion  a er on nee  a tim  o  certain in  it can e inner i e  t o g t  or o ter i e  e ent or 
enco nter  nter retation o  tim i t en er e  a  a a e or t e ee ing  ic  are i e  to o o

S ea ing a o t i a  en ation m c  e ort i  t into in e tigating co or emotion  an  
into i ing t e mo e   e ecting emotion ca e  an  a e ing man reaction to e ecte  
co or  t ro g  t e e ca e  e co o r emotion t ie  aim to create a mo e  a e to e cri e an  

anti  emotion  an  e ent a  re ict t e egree o  re erence or certain co o r a e  on it  
c o ica  attri te  Some o  t e arameter  t at can in ence co or erce tion are t e nat re 

o  t e o ect  imme iate rro n ing  etc  t a o t e e ect o  t e ang age  c t re an  re io  
e erience  an  no e ge o  t e o er er   o  t e e arameter  m t e ta en into acco nt  o t 
o  re io  t ie  a e recor e  co or emotion  in ect  ie ing ni orm co or am e  o e er  

en ea ing it  t e rea  or  o ect  erce tion o  t e co or i  a  connecte  it  t e 
erce tion o  o ect  r ace ro ertie  i e  te t re  e t re a  a r ace ro ert  a  a cr cia  ro e in 

o ect i entification an  recognition  t i  a o ro en t at t e ame co or can e ercei e  i erent  
an  con e ent  e o e i erent emotion  i  it i  com ine  it  i erent te t re  ence  in or er 
to e e o  more a ie  mo e  or e a ating o ect co or re erence an  emotion  te t re m t e 
taken into account.

e aim o  t i  t  i  to e cri e o  artic ar te t re  in com ination it  co or  a ect 
man emotion  an  re erence   it i  o i e to fin  a re ation et een certain te t re  am e 

an  man re on e to it  in ormation o taine  can e e  in o man  in tr  a ication  c  a  
ro ct a tomo i e  te ti e  me ica  image  e ign an  i a  a  e  a  in a erti ing o  an  in
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Li-Chen OU,3 Jose A. GARCIA,2 Igor KARLOVIC,1 Rafael HUERTAS2 

1 Faculty of Technical Sciences, Graphic Engineering and Design, Novi Sad (Serbia) 
2 Department of Optics, Faculty of Science, University of Granada (Spain) 

3 Applied Science and Technology, National University of Science and Technology 
(Taiwan) 

ABSTRACT
Regarding the visual sensation much effort is put into investigating so-called color 
emotions, building the models by selecting emotion scales and through them assessing 
human reaction to selected colors. Most of the previous studies had recorded color 
emotions in subjects viewing uniform color patches. However, when dealing with the real 
world objects, perception of the color is usually connected with the perception of objects 
surface properties i.e. texture. In this work we had done a pilot study to assess and possibly 
describe the effect of texture on color emotions and also to select a set of attributes which 
can be appropriate for describing the reaction to the texture.  

1. INTRODUCTION 
There are an extensive number of studies that tried to capture and model the effect of color 
on human emotions (Gao and Xin, 2006; Ou et al., 2004; Ou et al, 2012, etc.). In these 
studies solid colors are used as stimuli, while the emotion scales are based on pairs of 
words, usually adjectives, with the opposite meaning (for example: heavy-light, modern-
classical, clean-dirty, masculine-feminine, etc.). As seen from these examples, adjectives 
used to describe emotions are rather opinions and descriptions of specific reaction to a 
certain color and the effect it produces. Even though these descriptors do not capture the 
essence of emotions, they do provide very important information about human reaction to 
a certain color. Hence, for the purpose of our study we will adopt the term color emotions 
for describing the reaction to the colored sample, in general. 

It is stated that color can be perceived differently, and consequently evoke different 
emotions, if it is combined with the texture (Zhang and Wandell, 1996). Lucassen et al. 
(2011) show that "texture fully determins the response on the hard-soft scale and plays an 
important role in decreasing weight for the masculine-feminine, heavy-light and warm-
cool scales." This study was done with synthesized images, where all the samples were 
visible during the decision process. 

The aim of this study was to provide us with some basic information for better 
understanding of the effect that texture has on human reaction to color. In this part of a 
study we decided to use a limited number of natural textures. We started testing whether 
the adjectives used in the color emotion studies are actually appropriate when dealing with 
textures, so we conducted a survey on 94 respondents of different nationalities. The 
method and some preliminary results are presented in the next sections. 
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ABSTRACT
Regarding the visual sensation much effort is put into investigating so-called color 
emotions, building the models by selecting emotion scales and through them assessing 
human reaction to selected colors. Most of the previous studies had recorded color 
emotions in subjects viewing uniform color patches. However, when dealing with the real 
world objects, perception of the color is usually connected with the perception of objects 
surface properties i.e. texture. In this work we had done a pilot study to assess and possibly 
describe the effect of texture on color emotions and also to select a set of attributes which 
can be appropriate for describing the reaction to the texture.  

1. INTRODUCTION 
There are an extensive number of studies that tried to capture and model the effect of color 
on human emotions (Gao and Xin, 2006; Ou et al., 2004; Ou et al, 2012, etc.). In these 
studies solid colors are used as stimuli, while the emotion scales are based on pairs of 
words, usually adjectives, with the opposite meaning (for example: heavy-light, modern-
classical, clean-dirty, masculine-feminine, etc.). As seen from these examples, adjectives 
used to describe emotions are rather opinions and descriptions of specific reaction to a 
certain color and the effect it produces. Even though these descriptors do not capture the 
essence of emotions, they do provide very important information about human reaction to 
a certain color. Hence, for the purpose of our study we will adopt the term color emotions 
for describing the reaction to the colored sample, in general. 

It is stated that color can be perceived differently, and consequently evoke different 
emotions, if it is combined with the texture (Zhang and Wandell, 1996). Lucassen et al. 
(2011) show that "texture fully determins the response on the hard-soft scale and plays an 
important role in decreasing weight for the masculine-feminine, heavy-light and warm-
cool scales." This study was done with synthesized images, where all the samples were 
visible during the decision process. 

The aim of this study was to provide us with some basic information for better 
understanding of the effect that texture has on human reaction to color. In this part of a 
study we decided to use a limited number of natural textures. We started testing whether 
the adjectives used in the color emotion studies are actually appropriate when dealing with 
textures, so we conducted a survey on 94 respondents of different nationalities. The 
method and some preliminary results are presented in the next sections. 

 

2. METHOD 

2.1 Selection of the Color Centers and Texture Samples 
For the purpose of our study thirty chromatic and three achromatic color centers were 
chosen. Samples had L* values of 20, 50 and 80. In case of the chromatic samples, hab was 
18°, 90°, 162°, 234° and 306°, while C*ab was chosen to be the maximum and half the 
maximum value in sRGB color space. For the hue centers, the above-defined angles 
represent better the unique hues (Kuehni, 1979). 

Next step was defining the textured samples. The goal was to define a set with a 
reasonably low number of them with enough of the variance regarding texture strength. 
Samples were chosen from the KTH-TIPS and KTH-TIPS2 database (Mallikarjuna et al, 
2006; Fritz et al, 2004) by taking into account the results presented in Gebejes et al (2012; 
2013), where GLCM method (Haralick et al., 1973) was used for the characterization of 
the samples. Since the Homogeneity parameter was shown to have the best correlation 
with visual perception (Gebejes et al, 2012) five textured color images were selected 
according to their Homogeneity values (0.571, 0.696, 0.787, 0.869 and 0.949), as seen in 
Fig. 1. Please, note that for the solid colors Homogeneity takes value of 1. Among some 
different possibilities, visual appearance of the textures was taken into account in the final 
decision. Thus, a total of 198 samples (combining 33 color centers with five textures, plus 
the solid colors) were generated. 

Figure 1. Textured color images ordered by decreasing Homogeneity. 

2.2 Color to Texture Fusion 
Color to texture fusion was performed in CIE LCH color space. It is assumed that resulting 
hue does not depend on the hue of the source image, while lightness and chroma are 
computed from both the source image and the target color as in (Milic et al., 2010). Thus, 
hue channel corresponds to the selected target hue, while lightness and saturation channels 
were normalized with the respect to the mean values of the source image as: 

( )i i
t t meanP P P P= + −     (1) 

where i
tP  is the target lightness/chroma of a pixel i, Pt is the lightness/chroma of the target 

color, Pi is the source lightness/chroma of a pixel i and Pmean is the mean value of the 
lightness/chroma of the source image. Fig. 2 shows the results of color to texture fusion for 
the 5 considered textured images in the case of medium-lightness, saturated blue center 
(L*=50, C*ab=39, hab=234°). 

Figure 2. One of the blue target colors and resulting images of the color to texture fusion 
for all the textures considered in Fig. 1. 
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2.3 Scales for Texture Emotion 
We conducted a survey with the goal to define the most appropriate scales for assessing 
emotions related to textured samples. The basic idea was to obtain responses from people 
belonging to different nationhood, and that words pairs used were the most “universal” as 
possible – meaning not culturally dependent. Our examinees were asked to imagine some 
texture(s) and to describe, with ten adjectives, their emotions and sensations toward it. In 
total, we obtained the responses from 94 people. Most of the examinees were from Spain 
and Serbia (34 of the both nationhood). The rest of the group contained Hungarians, 
Norwegians, Americans, German, Italian, Romanians, Portuguese, Dutch, Irish, Russian, 
Bulgarian, Indian, French and Israeli. Questions were posed in English and, due to the 
large number of examinees from Spain and Serbia, also in Spanish and Serbian. Adjectives 
obtained in Spanish and Serbian were translated into English and were assessed by 
language professors. 

2.4 Task of the Observers 
In this part of the work 26 observers participated 16 females and 10 males, with ages 
ranging from 21 to 58 and with normal color vision (tested with the Ishihara Color Vision 
Test). 

The 198 samples were presented in dark viewing condition on a LCD monitor (HP 
2510i of 25” of the size and operated with a resolution of 1920x1080 pixels). Monitor was 
calibrated with Eye-One Display colorimeter by taking into account the chromacity 
coordinates of the sRGB color space. Accuracy of color patches displayed on the screen 
was measured by the Photo Research SpectraScan PR-704 spectroradiometer. The 
luminance of the referent white of the screen was 105 cd/m2. Samples were observed 
against a neutral background as shown in Fig. 3. The size of the color patches displayed on 
the LCD screen was 115x115 mm, while the distance of observation was around 50 cm; no 
chinrest had been used. Thus, the CIE 1964 Supplementary Standard Observer has been 
assumed according to the samples size and observers’ position. 

Figure 3. Screenshot of the observers’ task 
Previous to each session, the observers were adapted to the background conditions for 

two minutes and adaptation between samples displaying was of 1 second. For each 
displayed sample, the observers were asked to select one of the words of the pairs and give 
a score between 1 and 3. Taking warm-cold as an example, numbers 1 to 3 represent the 

1060
AIC2015 TOKYO - Color and Image



 

2.3 Scales for Texture Emotion 
We conducted a survey with the goal to define the most appropriate scales for assessing 
emotions related to textured samples. The basic idea was to obtain responses from people 
belonging to different nationhood, and that words pairs used were the most “universal” as 
possible – meaning not culturally dependent. Our examinees were asked to imagine some 
texture(s) and to describe, with ten adjectives, their emotions and sensations toward it. In 
total, we obtained the responses from 94 people. Most of the examinees were from Spain 
and Serbia (34 of the both nationhood). The rest of the group contained Hungarians, 
Norwegians, Americans, German, Italian, Romanians, Portuguese, Dutch, Irish, Russian, 
Bulgarian, Indian, French and Israeli. Questions were posed in English and, due to the 
large number of examinees from Spain and Serbia, also in Spanish and Serbian. Adjectives 
obtained in Spanish and Serbian were translated into English and were assessed by 
language professors. 

2.4 Task of the Observers 
In this part of the work 26 observers participated 16 females and 10 males, with ages 
ranging from 21 to 58 and with normal color vision (tested with the Ishihara Color Vision 
Test). 

The 198 samples were presented in dark viewing condition on a LCD monitor (HP 
2510i of 25” of the size and operated with a resolution of 1920x1080 pixels). Monitor was 
calibrated with Eye-One Display colorimeter by taking into account the chromacity 
coordinates of the sRGB color space. Accuracy of color patches displayed on the screen 
was measured by the Photo Research SpectraScan PR-704 spectroradiometer. The 
luminance of the referent white of the screen was 105 cd/m2. Samples were observed 
against a neutral background as shown in Fig. 3. The size of the color patches displayed on 
the LCD screen was 115x115 mm, while the distance of observation was around 50 cm; no 
chinrest had been used. Thus, the CIE 1964 Supplementary Standard Observer has been 
assumed according to the samples size and observers’ position. 

Figure 3. Screenshot of the observers’ task 
Previous to each session, the observers were adapted to the background conditions for 

two minutes and adaptation between samples displaying was of 1 second. For each 
displayed sample, the observers were asked to select one of the words of the pairs and give 
a score between 1 and 3. Taking warm-cold as an example, numbers 1 to 3 represent the 

 

intensity of the reaction, either warm or cold, where 1 means ‘slightly’ and 3 means ‘very’. 
Value zero was not allowed. For each displayed sample, the answer for two of the words 
pairs was asked consecutively. The experiment was divided into 3 sessions; one for the 
words pairs soft-hard and warm-cold, another for smooth-rough and heavy-light, and other 
for natural-unnatural and like-dislike. Each session lasts for around 30 minutes. Observers 
performed the sessions in random order and different days. 

3. RESULTS AND DISCUSSION 
In assessing the results of the survey it was noticed that most of the responses were 
actually descriptions of texture surface roughness. Overall, we obtained 430 different 
adjectives where only small amount of them can be regarded as emotional reactions. The 
words with the highest frequency of the appearance were: soft (12.3%), rough (10.2%), 
cold (5.8%), warm (5.8%), smooth (4.7%), even (4.7%), hard (3.3%), and pleasant (2.8). It 
can be seen that among the most frequently used adjectives there are words with somehow 
opposite meaning (soft-rough, cold-warm). This is similar, but not completely in 
accordance, with the pairs used in color emotion studies (Ou et al., 2004): warm–cool,
hard–soft. 

Following scales were chosen among those with the highest frequency: soft-hard,
warm-cold, and smooth-rough. Besides these, we included two pairs that are frequently 
used in the color emotion studies and were also found among the responses of our 
examinees: heavy-light and natural-unnatural. Additional scale describing preferences is 
also used in the form like-dislike. Thus, in total we chose six pairs of words: soft-hard, 
warm-cold, smooth-rough, heavy-light, natural-unnatural and like-dislike. Chosen scales 
can be divided into 3 groups according to the primary potency factors (Ou et al, 2004); 
Like-dislike and natural-unnatural can be categorized as evaluative factor, soft-hard,
smooth-rough and heavy-light as potency, while warm-cold as activity factors. 

The inter-observer variability was computed with a modified version of RMS: 

( )2
i i

i
x x

RMS
N

−
=
∑

    (2) 

where xi represents an observer’s color emotion response to the stimulus i; xi represents the 
mean value for all observers within the group for stimulus i; N is the total number of 
stimuli. Finally, we average over the 26 observers. The lower the RMS value, the more the 
observers’ responses agree with each other within the group and thus, the more accurate 
the responses. 

Table 1 summarizes the test results, which are similar, though slightly lower than in 
previous works of color emotions (Ou et al., 2012). Considering all the samples, the 
warm/cold responses were the most accurate within the group, while the like/dislike and 
natural/unnatural, the evaluative factors, the least. This is also in agreement with the 
previous works (Ou et al., 2012). The stronger textures (less homogeneous) produce higher 
variability for all the scales except soft/hard. It seems that texture in some way helps 
observers to decide about soft/hard but scatter the responses for the rest of scales. 

Torgerson’s law of categorical judgment was used to convert the raw data (with scales 
ranging from -3 to 3) into z-score related scale values. Table 2 shows the Pearson 
correlation coefficient between the emotion scales. 
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Table 1. Inter-observer variability RMS values for the six color emotion scales. 

Homogeneity Soft/ 
Hard 

Warm/
Cold 

Smooth/
Rough 

Heavy/
Light 

Natural/ 
Unnatura
l 

Like/ 
Dislik
e 

Mean

0.57 1.06 1.22 1.25 1.83 1.25 1.72 1.39 

0.70 1.61 1.59 1.80 1.66 1.76 1.65 1.68 

0.79 1.47 1.57 1.68 1.50 1.79 1.66 1.61 

0.87 1.03 1.39 1.05 1.27 1.64 1.68 1.34 

0.95 1.48 1.37 1.56 1.36 1.59 1.59 1.49 

1 (solid) 1.84 1.40 1.53 1.52 1.62 1.49 1.57 

All 1.51 1.45 1.60 1.58 1.65 1.66 1.58 
 

Table 2. Pearson coefficient for the emotion scales. 

 Soft/ 
Hard 

Warm/ 
Cold 

Smoot/
Rough 

Heavy/
Light 

Natural/ 
Unnatura
l 

Like/ 
Dislike 

Soft/Hard 1 0.5783 0.6131 -0.7232 0.2898 0.3969 

Warm/Cold 0.5783 1 0.2278 -0.4175 0.2901 0.4467 

Smooth/Rough 0.6131 0.2278 1 -0.2996 0.1381 0.1235 

Heavy/Light -0.7232 -0.4175 -0.2996 1 -0.0055 -0.1739

Natural/Unnatura
l 0.2898 0.2901 0.1381 -0.0055 1 0.6597 

Like/Dislike 0.3969 0.4467 0.1235 -0.1739 0.6597 1 
 
From Table 2 it can be deduced that the chosen emotion scales are quite independent. 

The higher correlation (-0.7232) appears between two potency factors heavy/light and 
soft/hard, in a negative way. The more heavy a stimulus appears the harder it is perceived, 
which seems logical. The next higher correlation (0.6597) is between the two evaluative 
factors, like/dislike and natural/unnatural, in a positive way. Then, the more natural 
stimulus appears the more it was favored, as could be expected. The fewer correlated 
scales are natural/unnatural and heavy/light, with a coefficient of -0.0055. 

4. CONCLUSIONS 
A textured images set to perform an experiment about texture emotions, had been 
generated according to perception dissimilarity: 198 samples, mixing 6 different textures 
(one of them is the case of solid color) with 33 color centers. Furthermore, specific 
emotion scales for the study of texture emotions had been developed. Preliminary results, 
with 26 observers, indicate a good inter-observer variability, in agreement with previous 
works, and a good selection of the chosen emotion scales, which are independent. 
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4. CONCLUSIONS 
A textured images set to perform an experiment about texture emotions, had been 
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emotion scales for the study of texture emotions had been developed. Preliminary results, 
with 26 observers, indicate a good inter-observer variability, in agreement with previous 
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ABSTRACT 
We investigated relationship between individual’s color preference and his/her personality 
of feeling pleasantness and comfortableness, that is, active and passive kinds of good 
emotion. A hundred university students answered the degree of liking of twelve basic 
colors; red, orange, yellow, yellow-green, green, blue, purple, pink, brown, white, black, 
and gray. In addition, they were asked to read six short sentences, three of which depicted 
pleasant affairs (P sentences) and the remaining three depicted comfortable affairs (C 
sentences), and to answer how strong he/she will feel good emotion presented as ten 
emotional words. Based on an exploratory analysis of the data, we selected two emotional 
words (‘glad’ and ‘excited’) as indicators of pleasantness, and two words (‘relieved’ and 
‘relaxed’) as indicators of comfortableness. Correlation analysis and multiple regression 
analysis between the degree of liking each color and the degree of feeling these indicator 
words showed that the individual who is sensitive to pleasantness on P sentences tends to 
like black and purple, and the individual who is sensitive to comfortableness on C 
sentences tends to like orange, green, and yellow-green. These colors were suggested to 
have some association with our active and passive aspects of good feeling. 

1. INTRODUCTION 
Color preference is one of the most intriguing topics in the field of color psychology. The 
underlying idea of the color preference research as a subject of psychology would be that a 
certain color makes a certain person feel good for a certain reason. Thus, researchers try to 
clarify ‘what color’ is preferred by the individual having ‘what personality and/or attribute’ 
for ‘what reason.’ Indeed, anyone has some color(s) associated with good feeling. 

Kuno, Ohno, and Nakahata (1987) proposed, in the field of thermal sensation, that our 
good feeling could be distinguished into two types, active one and passive one. The active 
good feeling is called pleasantness, which is characterized by activeness, change, and 
surprise. For example, when we move from the extremely hot open air to an air-
conditioned room, we would feel excitingly good, that is pleasantness. On the other hand, 
the passive good feeling is called comfortableness, which is characterized by passiveness, 
stability, and ordinariness. For example, when we stay in a room neither hot nor cold (in 
other words, not being conscious of the room temperature), we would feel calmly good, 
that is comfortableness. Though the original idea by Kuno et al. (1987) stems from the 
thermal comfort research, Takahashi (2003) discussed that the distinction between 
pleasantness and comfortableness could be applied to visual comfort, and even to more 
general concept of human’s good emotion and sense of well-being. 
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emotional words. Based on an exploratory analysis of the data, we selected two emotional 
words (‘glad’ and ‘excited’) as indicators of pleasantness, and two words (‘relieved’ and 
‘relaxed’) as indicators of comfortableness. Correlation analysis and multiple regression 
analysis between the degree of liking each color and the degree of feeling these indicator 
words showed that the individual who is sensitive to pleasantness on P sentences tends to 
like black and purple, and the individual who is sensitive to comfortableness on C 
sentences tends to like orange, green, and yellow-green. These colors were suggested to 
have some association with our active and passive aspects of good feeling. 

1. INTRODUCTION 
Color preference is one of the most intriguing topics in the field of color psychology. The 
underlying idea of the color preference research as a subject of psychology would be that a 
certain color makes a certain person feel good for a certain reason. Thus, researchers try to 
clarify ‘what color’ is preferred by the individual having ‘what personality and/or attribute’ 
for ‘what reason.’ Indeed, anyone has some color(s) associated with good feeling. 

Kuno, Ohno, and Nakahata (1987) proposed, in the field of thermal sensation, that our 
good feeling could be distinguished into two types, active one and passive one. The active 
good feeling is called pleasantness, which is characterized by activeness, change, and 
surprise. For example, when we move from the extremely hot open air to an air-
conditioned room, we would feel excitingly good, that is pleasantness. On the other hand, 
the passive good feeling is called comfortableness, which is characterized by passiveness, 
stability, and ordinariness. For example, when we stay in a room neither hot nor cold (in 
other words, not being conscious of the room temperature), we would feel calmly good, 
that is comfortableness. Though the original idea by Kuno et al. (1987) stems from the 
thermal comfort research, Takahashi (2003) discussed that the distinction between 
pleasantness and comfortableness could be applied to visual comfort, and even to more 
general concept of human’s good emotion and sense of well-being. 

 

 

In the present study, we take the first step to investigate possible relationship between 
individual’s color preference and his/her personality of feeling pleasantness and 
comfortableness. It was aimed at contributing to our better understanding of the color 
preference in the light of an untouched factor of its psychological process. 

2. METHOD 

2.1 Participants 
A hundred university students, forty-five males and fifty-five females, participated in our 
research. Their mean age was 18.5 years old (SD = .56). 

2.2 Procedure 
All data were collected through questionnaire. The questionnaire was composed of two 
parts. The first part included twelve visual analog scales on which participant answered 
his/her degree of liking of twelve basic colors; red (5R 4.5/14), orange (10R 6/11), yellow 
(5Y 8.5/12), yellow-green (5YG 6.5/9), green (5G 4.5/10), blue (2.5PB 4/11), purple (10P 
4/11), pink (5RP 6.5/9), brown (7.5R 4/6), white (N9.5), black (N1.5), and gray (N5.5). 
These colors were presented as printed color chips (6 mm × 16 mm). Participants drew a 
slash, according to the degree of liking each color, on the line with the left-end indicating 
‘don’t like at all (0% liking)’ and the right-end indicating ‘like the most (100% liking)’ 
(Figure 1). 

 

Figure 1: Samples of the visual analog scales. 

 

The second part showed participants six short sentences, each of which depicted good 
affair. Three of them depicted pleasant situation (P sentences), and the remaining three 
depicted comfortable situation (C sentences) (Table 1). For each sentence, participants 
were asked to imagine how strong he/she will feel emotions presented as ten emotional 
words, and answer the degree on 11-point scales (0: ‘don’t feel at all’ – 10: ‘feel the most’). 
Five of ten words intended to measure the pleasant feeling; ‘glad,’ ‘wakening,’ ‘pleasing,’ 
‘delightful,’ and ‘excited.’ Another five intended to measure the comfortable feeling; 
‘relieved,’ ‘heart-warming,’ ‘calm,’ ‘comfortable,’ and ‘relaxed.  

2.3 Data processing 
As for results of the visual analog scales, position of the slash was measured and converted 
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Table 1. Brief sentences depicting imaginary good affairs. Please note actually richer 
Japanese expression was given so as to emphasize pleasant or comfortable situation. 

 

 

 

 

 

 

 

into the preference score ranging from 0 (the left-end) to 100 (the right-end). Ratings for 
each emotional word were averaged for three P sentences (P1, P2, P3) and for three C 
sentences (C1, C2, C3) in each participant. 

3. RESULTS AND DISCUSSION 

3.1 Preference scores 
Mean preference scores for each color, separately for male and female participants, are 
shown in Table 2, which are ordered by the grand mean (for all participants). Compared to 
our previous data (Takahashi and Hanari, 2008), a drop of black’s score, which was 
formerly 73.4 and ranked first, is remarkable. Otherwise almost the same sketch was 
replicated. As for the sex difference, pink and yellow were liked more by females than by 
males, which was the case in the previous data. 

Table 2. Mean preference scores in all, male, and female participants. ** p < .01 

 White Blue Red Black Yellow Orange Y-G Green Pink Purple Gray Brown 

All 79.9 72.3 69.2 66.2 65.1 64.6 60.3 58.8 58.2 54.5 52.7 44.7 

Males 76.6 71.8 67.4 62.7 56.8 66.1 60.7 61.0 49.6 57.1 57.1 44.6 

Females 82.6 72.6 70.7 69.1 71.8 63.4 60.0 57.1 65.2 52.3 49.2 44.8 

 

3.2 Color preference and feeling pleasantness and comfortableness 
Using data of all participants, mean ratings for each emotional word were compared 
between P sentences and C sentences. As the results, ratings for ‘glad’ and ‘excited’ were 
found to be higher for P sentences than for C sentences (‘glad’: P 8.04, C 6.02, ‘excited’: P 
6.50, C 4.45). Thus these words were chosen to be pleasantness indicators, and the mean of 
these ratings for three P sentences was calculated in each participant to show his/her 
pleasantness sensitivity (P score). Contrarily, ratings for ‘relieved’ and ‘relaxed’ were 
found to be higher for C sentences than for P sentences (‘relieved’: P 4.91, C 7.07, 
‘relaxed’: P 5.17, C 6.98). Thus these words were chosen to be confortableness indicators, 
and the mean of these ratings for three C sentences was calculated in each participant to 
show his/her comfortableness sensitivity (C score). 

Next, correlations between each participant’s P score and C score and his/her preference 

P sentences 

P1: Cool the flushing body by the blast of cold air. 

P2: Win a prize of 5,000 yen in the lottery. 

P3: Notice cherry blossoms in full bloom. 

C sentences 

C1: No problem was pointed in a health examination. 

C2: Stay relaxed in a moderately air-conditioned room. 

C3: Take a walk through the trees on the plateau. 

** ** 
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Table 3. Correlations between P and C scores and color preference scores. ** p < .01, * p < .05 

 White Blue Red Black Yellow Orange Y-G Green Pink Purple Gray Brown 

P score .034 .113 .071 .416** .062 .119 .068 .132 .063 .282** .191 .052 

C score .211* .197* .214* .151 .252* .376** .311** .364** .113 .146 .107 .116 

 

scores for each color were obtained. As shown in Table 3, P score was positively correlated 
with black and purple, whereas C score was positively correlated with orange, green, and 
yellow-green. These results were also supported by the multiple regression analysis with P 
score and C score as explanatory valiables and the preference score for each color as a 
target valiable. It was shown that black and purple preferences were significantly regressed 
by P score; standardized partial regression coefficient (β) was .442 (p < .001) and .275 (p 
< .05), respectively. And, orange, green, and yellow-green preferences were significantly 
regressed by C score; β = .419 (p < .001), .395 (p < .001), and .365 (p < .001), respectively.  

4. CONCLUSIONS 
The present study investigated relationship between the color preference and personality of 
feeling good emotions, and found that pleasantness-sensitive individual tends to like black 
and purple, while comfortableness-sensitive individual tends to like orange, green, and 
yellow-green. Considering that preference for any colors did not correlated with both P 
score and C score, pleasantness and comfortableness would be clearly distinguished from 
each other in terms of the color preference, each having unique psychological mechanism 
related with the preference for certain colors. Roughly speaking, orange, green, and yellow-
green would be categorized as ‘nature colors,’ having peaceful impression that might be 
loved by comfortableness-sensitive people. Contrastingly, purple would have somewhat 
artificial and surprising impression that might have affinity with pleasantness-seeking. 
Relationship between black and pleasantness seems not to be easily explained. In the next 
step, individual’s reason for liking those key colors should be examined to understand 
psychological process of the color preference more deeply. 
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i  or  a  t o main o ecti e  Firstly, e ant to ana e o  oe  t e co o r 
o  irgin o i e oi  c ange  en e a  tein an  -carotene enriched extract from the 
Scenedesmus almeriensis microalga. Secondly, e ant to c ec  o  oe  the human 
percei e  t i  c ange in co o r  ing colour semantic methods   . 

2. METHOD 
Six samples of different extra-virgin olive oils have een e ecte  i e o  t em o taine  in 
the same harvest season: enro e  Sant ario gina  ro e ailén  a ti o e anena 
an  e gare o  and another one from the previous harvest season e gare o . For each 
one o  t e e am e  e a e re aire  t ree i erent am e   a ing i erent 
concentration o  e tract o  microa gae   mg m    mg m   an   mg m   
tota  o   samples a e een e   oi    concentration  ac  one o  t e am e  as 

o re  into ott e  it  imen ion  o   cm  cm   cm and a ca acit  o  a o t 
 m  e e ott e  a e rectang ar ri m a e an  t eir at ace  a o  a ing an 

homogenous colour of the oils, this fact makes easier their colour measurement and their 
colour perception.  t e am e  ere e t in a contro led environment during all the 
experiment. 

o o r mea rement o  t e am e  a  een ma e placing the samples in a 
eri i e Porta e ca inet eri i e  eice ter  nite  ing om  ing a  ig t o rce 

simulator  t e a  o  t e ca inet  ere co ere   ite non ore cent a er in or er to 
avoid shades in the samples and a e a ig ter ac gro n  e in  t e am e . The colour 

a  mea re  ing a onica ino ta S  ectrora iometer oni a ino ta  
ie egein  et er an  in the same o ition t at t e o er er  performing the visual 

experiment ig re . Tristimu  a e  ere com te  a ming  tan ar  
o er er. ree re ica  o  t e mea rement  ere ma e  

 
Figure 1: Geometry of the colour measurement of the samples 

 Spanish o er er  ere a e  to e cri e eac  one o  t e am e  o o ing  
pairs of opposite descriptors: Aromatic- o r e  itter-S eet  re - anci  ea t -

n ea t  i e- i i e  at ra -Artificial, Spicy-Non spicy, Tasty-Insipid and Textured-
Smooth. e e  e cri tor  ere o taine  rom  inter ie  to o i e oi  ta ter  tr ing to 

e cri e o i e oi  a earance in an appropriate a  
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For each pair they had to choose one of the descriptors and after that they had to 
decide if that descriptor describe the oil as “a little”, “moderately” or “very”. For example, 
an oi  can e e cri ed as: moderately aromatic, a little bitter, very rancid, moderately 
unhealthy, very dislike, very artificial, a little tasty and very textured. Each one of the 
am e  a  o n to eac  o er er 3 times, in t e ame con ition  a  it a  mea re   

the spectroradiometer, o o ing a random order.  tota  o   gement  ere ma e 
o er er   samples  replicas . 

Torgerson’s law of Cathegorical Judgement was applied to the mean of the answers 
o  t e o er er  i  a  a o   to create psycophysical scales ere each z score means 
the intensity in ic  a stimulus is percieved inside that emotional scale. 

3. RESULTS AND DISCUSSION 
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Figure 2: Colour coordinates of the samples changing the concentration of microalgae 
extract. (a) Plane a*b* (black arrow indicates direction of color change when extract 

concentration is increased). (b) Lightness dependence with concentration. 

ig re  o  re t  corre on ing to co o r mea rement  n ig re  e can see that 
adding lutein and -carotene produced a decrease of lightness L* and b* coordinates and an 
increase of a* coordinate. n a e  e a e mmari e  co o r c ange o  t e oi  rom 
pure extra- irgin o i e oi  to oi  it  t e  concentration  of microalgae extract. Second 
and third columns in a e  indicate a high colour change, clearly erce ti e  man 
o er er  it  norma  coc or i ion  a t co mn in icate  t at t e co o r c ange i  mainly 

e to a e c ange  om ining ata rom ig re  an  a e  e can conclude that 
enriching t e oi  it  tein an  -carotene extract makes t e oi  ecome more re i  
an  ar er   t e oi  e ce t e gare o t e greene t oi  undergo a color change from 
e o  to e o i -orange hues. 

Table 1: Mean colour change from pure extra-virgin olive oils in CIELAB and CIEDE2000 
units. Three last columns show percentage of change in Lightness, Chroma and Hue in 

CIELAB units. 

Change ΔE00 ΔEab %ΔL* %ΔC*
ab %ΔH*

ab 

rom  mg m  to  mg m       

rom  mg/ml to  mg m       
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e t  rom i a  e eriment are mmari e  in a e  n t i  ta e e a e 
corre ation coe icent  et een z scores of different emotions. We can see that there are a 
ig  corre ation et een re - anci  ea t - n ea t  i e- i i e  at ra -

Artificial and Tasty- n i i  at mean  t at en an oi  i  ercei e  a  re  it i  
perceived also as Healthy, Natura  an  it i e  i  re t agree  it  t e meaning of these 
e cri tor  a  o  t em are re ate  it  re erence  an  can e inter rete  a  i e-dislike. 

The remaining emotion  are e cri tor  t at are re ate  it  ta te an  me  t or 
o er er  o are not olive oils experts they do not give a value of preference to the oil. 

Table 2: Correlation coefficient (r2) of z scores obtained from colour emotion 
experiment. Yellow cells show correlation coefficients greater than 0.8. 

 
Aromatic 
Odourless        

Bitter 
Sweet  Bitter 

Sweet       
Fresh 

Rancid   Fresh 
Rancid      

Healthy 
Unhealthy    Healthy 

Unhealthy     
Like 

Dislike     Like 
Dislike    

Natural 
Artificial      Natural 

Artificial   
Spicy 

Non Spicy       Spicy 
Non spicy  

Tasty 
Insipid        Tasty 

Insipid 
Textured 
Smooth         

 

Emotional re on e  corre on ing to t e air o  emotion  i e- i i e are plotted in 
Figure 3, in left axi  e can c ec  t e -score and in right axis e can see the linguistical  
meaning of the z-scores  e oi  are ercie e  a  e  i e  en t e  concentration o  
microalgae additive increases for most of the samples, and this trend is very similar for the 
emotions e  corre ate  it  i e- i i e   e a  an a iti e t at ma e  t e oi  more 
reddish, the olive oil is percieved as less natural and it does not like. There is only one 
exception,  the oil e gare o o o  an opposite trend to the other samples: hen the 
concentration of tein an  -carotene increases, the emotion “like” increases. The 
e anation to t i  e a io r can e e aine  it  co o r mea rement  ig re  This 
sample is the only one in ic  it  co o r goe  rom a greeni  co o r to a e o er an  t e 
rest of the samples go to ar  a re i  co o r  
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Figure 3: Emotional responses for each sample in scale Like-Dislike. Right axis and 

horizontal lines shows the linguistic term associated to each z score. 

 

4. CONCLUSIONS 
o o r mea rement  o  t at adding tein an  -carotene enriched extract from 

microalga Scenedesmus almeriensis to extra virgin olive oils produces a change in colour 
of the oils. That makes them decrease slightly in their chroma and lightness, and produces a 
high decrease from greenish or e o  to re i  e o taine  co o r i erence  are ar 
rom a t-noticea e co o r i erence  t e c ange in co o r eing c ear  erce ti e  

human eye. 

 From t e t ie  e cri tor   a co o r-emotion experiment some of them are 
highly correlated. The meaning of these emotions can e re ate  to the terms i e- i i e. 

rom t e  t ie  oi  t ere i  on  one t at i  i e  more en e a  extract from 
microalgae, eca e it c ange  rom green to e o  
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A Study on Difference in Color Sensibility Judgment between 
Professionals & Non-Professionals

o n in 
Senior re earc er  a o or e ign e earc  n tit te

ABSTRACT
n t i  t  e com are  t e contri tion o  e an  tone imen ion to co or en i i it  

gment t ro g  ecti e e a ation e eriment ing  en i i it  a ecti e ca e  an   ing e 
co or  a e ing ot  co or ro e iona  an  non ro e iona  e re t  ere a  o o

ir t  t e co or ro e iona  gro  i a e  ig er ac it  or co or en i i it  gment 
t an t e non ro e iona  gro  ic  i  attri ta e to it  ig er i crimination ca a i it  or 
co or tim  i erence  an  i t in en i i it  Secon  e an  tone a  e ine  a  actor  
er ing a  gment criteria or co or en i i it  an  t eir contri tion a  e amine  ing re eate  

mea re   e re t  re ea e  t at tone a  more in entia  t an e in etermining co or 
en i i it  an  t e amo nt o  it  contri tion i ere  et een t e ect gro  ir  e a ie  

a m ti imen iona  ca ing met o  S  to ana e t e tr ct ra  imen ion o  co or en i i it  
on e an  tone in ot  ect gro  e t o imen iona  S ot  in t e co or ro e iona  
group revealed the tone dimension much more clearly than the hue dimension, implying a stronger 
contri tion o  tone to co or en i i it  gment  n a ition  t e com e  conce t o  tone  t e 
com o ite o  rig tne  an  at ration  a  e ecti e  con irme  t ro g  t e t o imen iona  
i tri tion o  tone actor  a ong t e a i   o  ig t an  ar  an  t e a i   o  c ear an  

onc ing  tone imen ion i  more ominant t an e imen ion in etermination o  ario  
an  t e co or en i i it  an  t i  ten enc  a  more a arent in t e ro e iona  gro  e e 
fin ing  are con i tent it  re io  t ie  t at gge t tronger contri tion o  tone t an e

 

 

A Study on Difference in Color Sensibility Judgment 
between Professionals & Non-Professionals 

o n in ee 

Senior researcher, a o or e ign e earc  n tit te 
 

ABSTRACT 
i  t  con cte  a ecti e e a ation e eriment on  in  o  ing e co or  on  

en i i it  a ecti e ca e  to com are t e contri tion o  e an  tone to co or en i i it  
gment in ot  ro e iona  an  non-professionals.  a re t  it o e  t at 

ro e iona  a  ig er ac it  or co or en i i it  t an non-professiona  an  it a  not e 
t tone t at ma e greater contri tion to co or en i i it  gment  e i e  it a  

identified that professionals held dominance over non-professionals in such a tendency, 
corresponding to findings of precedent studies suggestive o  tronger contri tion o  tone 
than hue. 

1. INTRODUCTION 
ere are  a ic attri te  o  co or a  criteria or ee ing an  ging co or en i i it  in ot er or  
e  a e an  c roma  t ma  e e re e  a  a t ree-dimensional color system of hue  a e  

c roma  artic ar  a  t e e  one tem t at i  e ine  a  a - imen iona  e  tone through 
com ining a e an  c roma a  t e tone   c  e arating a e an  c roma rom e re t  rom 
the fact that value or chroma is more effective and easier to feel and express a variety of color 
en i i itie  t an ue. 

There are many comparative analytic studies on the color image an  en i i it  t at separated hue 
rom tone  e ort  mention ca e  o  in cing co or image or en i i it  ot   e and  tone t 

many raise an opinion that tone makes a ominant contri tion o er e S   rte   ee  Sa  
ng  n t e ot er an  accor ing to t e re earc   S i  a atani  suggesting 

that there is a difference in response to hue and tone among certain groups, practitioners in art and 
e ign ie  o e  a i erence in t e tr ct ra  actor or co or en i i it  ince t e  ere goo  at 

ro ing ario  in  o  en i i itie   co or  com are  it  genera  eo e  reacting to tone more 
strongly rather than hue.  

on i ering c  oint  a o e  etting eo e a  t o gro  ro e iona  an  non-
ro e iona  a e  on t e n m er o  e erience  in art  co or an  e ign ie  t i  t  

aime  at e amining a o t at contri tion e an  tone ma e to co or en i i it  t ro g  
the inter-group comparison in terms of their difference and commonness. 

2. METHOD 

2.1 Evaluation scales 
 or t e e a ation ca e  t i  t  organi e   mono o ar ca e  a  -step each using 

en i i it  a ectives systemically selected from the previous study ee  ee  im  
a e   o   en i i it  or  e tracte  rom t e c ter ana i  in t e rece ent t  
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2.2 Subjects 
 ect  artici ate  in t e e a ati e 

e eriment  com o e  o   female non-
professionals  er on  in t eir    
re ecti e  an   ro e iona   in t eir  
 in t eir   in t eir   or t e criterion 
i i ing ect  into ot  gro  er on  o 

are engage  in co or  e ign ine  or 
t ie  a  a ma or ere c a i ie  into a 

professional group and non-ma or  into a non-
professional grou  e entire  ect  a  a 
norma  co or erce tion a i it  

2.3 Sensibility Evaluation on Single Color 
E a ation ca e  ere create  rom a ecti e  orean  in a e  an  ecti e 
a e ment e eriment  ere er orme  ing ing e co or  tematica  e ecte  rom 
color space. o or tim i ere e ecte  o t at a minim m n m er o  tim i co  
e ecti e  re re ent a co or ace   co or  ere tematica  e ecte  rom t e P S 

o or S tem   rimar  e  an   tone  or eac  e gro  an   a itiona  ac romatic 
co or  e tim i ere i tri te  it in a ro riate range in  o or S ace. Each 
co or tim  a  re ente  on a 
me i m gra  ac gro n  L*   on 
a  monitor  a e  o  e  
tone c a i ication or t e  co or  
an   a e  o taine  rom 
mea rement  ino ta S-  
Spectroradiometer.  

 co or  ere ran om  re ente  
an  eac  co or a  a e ed against 

 a ecti e ca e  ti i ing -step 
e a ation ca e  -step evaluation 
ca e or  a  o o  en 

evaluating against “cold” scale, “7” is 
c ec e  i  co ne  a  trong  
sensed, “1” if no coldness was felt, or 
“4” for moderate coldness. The 
ie ing i tance a  cm rom t e 

monitor  an   in i a  ang e  ac  
co or tim  a  ace  at t e 
center of the monitor, and evaluation 
ca e  ere ocate  eneat  ne 

e eriment e ion too   o r  
min te  inc ing a  min te rea  

3. RESULTS AND DISCUSSION 

Table 2: Specifications of the 35 color samples. 

 

Table 1: 43 sensibility words extracted 
from cluster analysis. 
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3.1 Difference in Emotional Words Used by Among Professionals & Non-Professionals 
For professional and non-professional groups, 
t e mean  S  ma im m an  minim m a e  
o  e timation  on  co or  ere ca c ate  or 
t e entire ect  ee a e  i erentia s 
o  S  ma im m an  minim m a e  o  
t at ot  gro  i cerne  a co or tim  to 
some extent. o  it ma  e ai  t at 
professional group has a higher acuity 
com are  it  non-professionals since there 

a  remar a  greater standard deviation in 
professional group. 
 

3.2 Difference Among Professionals & Non-Professionals According to Hue & Tone 
This study compared non- ro e iona  it  ro e iona   etting e an  tone a  actor  
or ging co or en i i it  n ot er or  or ot  gro  it e amine  et er t e  are 

in ence   e or tone  ot er i e  ot  at interaction e an  tone a e in ging 
c ange  o   in  o  en i i itie  to  co or tim i   a  con cte  on  e   
 tone    gro  ing t e mean o  co or tim  e timation corre on ing to eac  red, 

orange  e o  green  e  r e hue  levels, referred to as a “color factor” hereafter  and 
that of color stimulus estimation corresponding to each pale, light , vivid, dark, grayish tone 

 levels, referred to as a “tone factor” hereafter .   

ir t  it o e  t at e a  no contri tion to ging en i i it  F   n.s.  
ere a  no i erence in c  a ten enc  et een gro  hue group F   n.s.  

On the other hand, t i  t  i enti ie  contri tion  tone F   p   
Furthermore, groups differed from each other in such a tendency tone group F   p 

  o  it re ea e  t at t ere e i te  interaction et een e an  tone hue tone F  
 p   o ing no i erence et een gro  hue tone group F   n.s.  

Table 3: Mean, SD, MAX & MIN 
for Professionals & Non-Professionals. 

 

 Non-Pro Pro 

Mean 
SD 

MAX 
MIN 

 
 
 
 

 
 
 
 

 

 
  Fig. 1a: MDS plots for non-professionals.           Fig. 1b: MDS plots for professionals. 
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orange  e o  green  e  r e hue  levels, referred to as a “color factor” hereafter  and 
that of color stimulus estimation corresponding to each pale, light , vivid, dark, grayish tone 

 levels, referred to as a “tone factor” hereafter .   

ir t  it o e  t at e a  no contri tion to ging en i i it  F   n.s.  
ere a  no i erence in c  a ten enc  et een gro  hue group F   n.s.  

On the other hand, t i  t  i enti ie  contri tion  tone F   p   
Furthermore, groups differed from each other in such a tendency tone group F   p 

  o  it re ea e  t at t ere e i te  interaction et een e an  tone hue tone F  
 p   o ing no i erence et een gro  hue tone group F   n.s.  

Table 3: Mean, SD, MAX & MIN 
for Professionals & Non-Professionals. 

 

 Non-Pro Pro 

Mean 
SD 

MAX 
MIN 

 
 
 
 

 
 
 
 

 

 
  Fig. 1a: MDS plots for non-professionals.           Fig. 1b: MDS plots for professionals. 

 

 

3.3 Relationship between Color Sensibility Judgment & Tone 
na i  ing S a  con cte  to i enti  at imen ion co or en i i it  gment a  and 

e amine et er ro e iona  an  non- ro e iona  gro  a e a i ere  tr ct ra  imen ion a e  
on e an  tone   o n rom a - imen ioan  S ot in ig  a  Fig. , research findings 

o e  t at t ere a  i erence in t e i tri tion o   co or tim i et een ro e iona  an  non-
ro e iona  gro  n ig  a  Fig.  ince imi ar tone  o  toget er c o e  in ot  gro  it 
o e  t at o ect  orme  a gro   tone rat er t an  e an  ma  e inter rete  t at ro e iona  

group is more distinct in its degree than non-professionals.  

S re t  o e  t at ot  ro e iona  an  non-professional groups formed a 
imen ion o  co or en i i it  gment a e  on t e tone  e i e  ro e iona  gro  

revealed a dimensional struct re a e  on t e tone more c ear  S c  a re t ort  
 o  t e aragra  a o e t at t ere a  i erence et een ot  gro   tone 

actor  an  gge t  t at ro e iona  gro  a  an a antage in c a i ing co or tim i  
tone through schematization. 

4. CONCLUSIONS 
n t i  t  e com are  t e contri tion o  e an  tone imen ion to co or en i i it  gment 

t ro g  ecti e e a ation e eriment ing  en i i it  a ecti e ca e  an   ing e co or  
a e ing ot  co or ro e ionals and non- ro e iona  e re t  ere a  o o  

ir t  t e co or ro e iona  gro  i a e  ig er ac it  or co or en i i it  gment t an t e 
nonprofessional group, ic  i  attri ta e to it  ig er i crimination ca a i it  or co or timulus 
i erence  an  i t in en i i it  Secon  e an  tone a  e ine  a  actor  er ing a  gment 

criteria or co or en i i it  an  t eir contri tion a  e amine  ing re eate  mea re   
e re t  re ea e  t at tone a  more in entia  t an e in etermining co or en i i it  an  t e 

amo nt o  it  contri tion i ere  et een t e ect gro  ir  e a ie  a m ti imen iona  
ca ing met o  S  to ana e t e tr ct ra  imen ion o  co or en i i it  on e an  tone in ot  

ect gro  e t o- imen iona  S ot  in t e co or ro e iona  gro  re ea e  t e tone 
imen ion m c  more c ear  t an t e e imen ion  im ing a tronger contri tion o  tone to co or 
en i i it  gment  
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Age Effects on Garments Color Harmony
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ABSTRACT
In order to investigate the age effects on garments color harmony in two-color combinations, 

300 color pairs were generated from 24 colors that uniformly selected from CIELAB color space. 59 
observers with normal color vision aging from 20-79 were divided into two groups according to their 
ages: junior (20-45 years), and senior (46-79 years). They were encouraged to assess the garments 
color harmony of the above-mentioned color pairs presented as jackets and trousers on a vicenarian 
and a quinquagenarian model. The experiments were carried out on a well-characterized LCD monitor 
with a method of categorical judgment. The differences of color harmony for two age groups were 
studied by comparing the average and difference of chromaticity coordinates between the jackets and 
trousers.  

The results from this study are summarized below:
1.For the same two-color combinations, all the observers had the higher response to the 300 garments 
color harmony on the vicenarian model than that on the quinquagenarian model, which means the 
same color assortment were appropriate for the vicenarian. The senior group was more tolerant than 
the junior group, especially for the assessments of the quinquagenarian model. 
2.The relationship between the garments color harmony and the age advance was investigated, with 
the increasing of the age, the aesthetical values of garments color harmony for the observers had been 
varied and shown some different trends.
3.All the observers had the similar responses to garment color harmony on the vicenarian model and 
quinquagenarian model with the variations of the average chroma of jackets and trousers, it is believed 
that with the mean chroma values ranging from 5.0-20.0 (i.e., neutral colors), the highest score of color 
harmony will achieved.
4.For the lightness difference between jackets and trousers, the two age groups had no obvious 
difference. However, the color harmony is found to be the highest when the chroma difference or the 
hue difference between jackets and trousers is closed to zero.
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ABSTRACT
e can re ict t e ta te o  tea  t e a earance an  t e a or it o t rin ing it   it i  

e  to re ea  t e m timo a  e ect o  co or an  aroma on t e re icte  ta te an  a ata i it  o  tea 
antitati e

n t e re ent t  e oc e  on roa te  tea  eca e it i  one o  t e mo t o ar tea  in 
a an an  a  a t ica  roa te  a or  e i a  an  o actor  tim i ere create  rom o r roa te  

tea am e   o e am e  ere re e  t o o r  rom    an   gram  o  tea ea e  a tea 
ag  an  one iter o  ater  ere e a ate   t ent  artici ant  in t eir t entie  e  a e  t o 
creening te t  one or co or erce tion i ara e t  an  t e ot er or aroma erce tion  

actometer  ac  i a  tim  a  in a g a  an  eac  o actor  tim  a  in a ro n ott e  
e e eriment con i te  o  t ree e ion  ir t  artici ant  o er e  a i a  tim  it o t an  

o actor  tim  i a  e a ation  e t  t e  me e  one o actor  tim  it o t an  i a  
tim  o actor  e a ation  ina  t e  o er e  one o  t e i a  tim i i e me ing one 

o  t e o actor  tim i i a o actor  e a ation  e e eriment a  con cte  in a ar  room  
ere t e i minance on t e e  a    n er a  i minant  a ate  item  ere inten it  

o  co or  inten it  o  aroma  re icte  eetne  itterne  mami ta te  ee  a or  roa te  
a or  an  re icte  a ata i it   a re t  it a  re ea e  t at not on  co or t a o aroma o  

roa te  tea e ecte  t e re icte  ta te an  a ata i it
oreo er  e te te  et er t e i a o actor  e a ation  can e e aine   t e inear 

regre ion o  t e i a  e a ation  an  t e o actor  e a ation  it  eig ting actor  a  t e 
orm a   a    e re t  o  t at eig ting actor  o  re icte  a ata i it  are a   
   an  re icte  eetne  itterne  mami ta te  ee  a or  roa te  a or  are a   
           re ecti e  ina  e com are  
eig ting actor  o  roa te  tea an  t o e o  green tea ic  a  ca c ate  in o r re io  t  
o e re t  gge t t at o actor  eig ting actor o  re icte  a ata i it  in t e ca e o  roa te  

tea i  ig t  arger t an t at in t e ca e o  green tea a     
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ABSTRACT 
We can re ict t e ta te o  tea  t e a earance an  t e a or it o t rin ing   it i  
useful to reveal the multimodal effect of color and aroma on the predicted taste and 
a ata i it  o  tea antitati e  In the re ent t  e oc e  on t e roa te  tea  
eca e it i  one o  t e mo t o ar tea in a an an  a  t ica  roa te  a or  i a  
tim i an  o actor  tim i  o r roa te  tea am e  t o e ere re e  t o o r  rom 
   an   gram  o  tea ea e  a tea ag  an  one iter o  ater  ere e a ate   

t ent  artici ant  in t eir t entie  e e eriment con i te  o  t ree sessions. First, 
artici ant  o er e  a i a  tim  it o t an  o actor  tim  i a  e a ation  
e t  t e  me e  one o actor  tim  it o t an  i a  tim  o actor  

e a ation  ina  t e  o er e  one o  t e i a  tim i hile smelling one of the 
o actor  tim i i a -o actor  e a ation  a ate  item  ere "intensity of color and 
aroma", " re icte  eetne  itterne  mami ta te  ee  a or  roa te  a or", and 
" re icte  a ata i ity". t a  re ea e  t at not on  co or t a o aroma o  roasted tea 
e ecte  on t e re icte  ta te an  a ata i it  oreo er  e te te  et er t e i a -
o actor  e a ation  can e e aine  t e m o  t e i a  e a ation  an  t e 
o actor  e a ation  it  eig ting factors as the formula "   a   ". The results 

o  t at eig ting actor  o  " re icte  a ata i it " are a      ina  e 
com are  eig ting actor  o  roa te  tea an  t o e o  green tea ic  ere ca c ate  in 
our previous study, and o n  t at o actor  eig ting actor o  re icte  a ata i it  in 
the case of roasted tea is slightly larger than that in the ca e o  green tea a    

 

1. INTRODUCTION 
e ore rin ing tea  t e a earance an  t e a or m t e very important cues. Therefore, 

it i  ite meaning  to re ea  t e re ation et een t e a earance an  t e a or in 
re icting t e ta te an  a ata i it  o  tea e ore rin ing tea   re io  t  a et 

a   re orte  the effect of visual and ol actor  re icte  a ata i it  on multi-
sensory evaluation in the case of green tea. n er t e con ition ithout the trial to drink, 
there are e  re io   re earc es a o t t e c o ogica  e a ation o  rin  a 
revealed the effect of visual and olfactory " re icte  a ata i it " on multi-sensory 
evaluation are near  e a  in t e ca e o  e a ation o  green tea a . oa te  tea 
is also one of the most popular tea in Japan, it  characteristic flavor in the roasted 
process. Thus it is expected the tendency of evaluation in roasted tea is different from the 
ca e o  green tea  n t i  t  it a  re ea e  the effect of mono- en or  i a  an  
o actor  "predicted tastes an  a ata i it " on multi-sensory evaluation. 
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2. METHOD 

2.1 Visual and Olfactory Stimuli 
i a  tim i an  o actor  tim i ere o r roa te  tea am e  t o e ere re e  t o 

hours from t o, six, eighteen and thirty six gram  o  tea ea e  packs of tea ag  an  one 
iter o  ater. As visual stimulus, each t o n re  milliliters tea a  poured into a glass, 

ic  a  i  centimeter  in iameter, eleven centimeters tall. As olfactory stimulus,  each 
ten mi i iter  tea a  packed in a fifteen milliliters ro n ott e ig re .  
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Figure 1: Visual stimuli and olfactory stimuli (roasted tea). 

2.2 Procedure 
The a o e stimuli ere e a ate   t ent  artici ant  eig t omen an  t e e men  in 
t eir t entie  e e eriment con i te  o  t ree e ion  ir t  artici ant  o er e  a 
i a  tim  it o t o ing any olfactor  tim  i a  e a ation  e t  t e  
me e  one o actor  tim  it o t o ing an  i a  tim  o actor  e a ation  
ina  t e  o er e  one o  t e i a  tim i i e me ing one o  t e o actor  tim i 
i a -olfactory evaluation   Pre entation  o  tim i ere con cte  in t e experimental 

oot s ig re . Each oot  a  a e  an  a fluorescent lamp of the standard illuminant 
 on t e cei ing  e in i e a  an  t e e  ere ite  The illuminance of the 

center o  t e e  a  three hundred lx. 
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Figure 2:Experimental booth (cross-section view). 

Participants evaluated a o t "intensity of color and aroma" and "predicted tastes 
eetne  itterne  mami ta te  ee  a or  roa te  a or " on numerical scales of 

zero to ten, and " re icte  a ata i ity" on a categorical scale from ‘very palatable’ to ‘very 
unpalatable’. Partici ant  ere recei e  ro er re ar  
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3. RESULTS AND DISCUSSION 
Figure 3 o  t e mean e a ation  a o t "Pre icte  ta te  eetne  itterness, 
umami-flavor, roasted-flavor and deep- a or " and "Intensity of color" in the visual-
olfactory experiment.  t e co or o  tea a  ee  all e a ation  ere ig  except for 
" eetne ". t ma  e i ic t to e a ate "S eetne " of tea  on  the color. As the 
aroma o  tea a  trong  all e a ation  ere a o ig  o e er, t e i erence  et een 
‘c’ and ’d’were small. n t e tim i com ination t o e ere e -matched visually and 
olfactory, the visual-o actor  e a ation  ere c o e to t e visual evaluations, as compared 
among the visual-olfactory evaluations and the visual evaluation. 

 
Figure 1. Comparison ’Predicted tastes’ and ‘Intensity of color’ between in the visual-

olfactory evaluation and visual experiment. 

Figure  o  t e mean e a ation  a o t "Pre icte  a ata i t " in the visual-
olfactory experiment. The highest palatability was obtained at ‘C’ stimuli, instead of ‘D’ in 
the visual stimuli. n t e o actor  tim i  tronger aroma a  a ata e  As compared 
among the visual-olfactory evaluations and the visual evaluation, t o e ere c o e 
evaluations in the stimuli ‘A’ and ‘D’. However, in the stimulus ‘C’, the visual evaluation 

as higher than all visual-olfactory evaluations. 

 
Figure 2. Comparison ’Predicted palatability’ between in the visual-olfactory evaluation 

and visual experiment. 

It as proposed that mono-sensory evaluations, those ere the visual evaluation and the 
olfactory evaluation, decided to the multi- en or  e a ation a  e o  e ation    
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YXZ ED �   equation. (1) 

X : evaluation values in the visual experiment 

Y : evaluation values in the olfactory experiment 

Z : evaluation values in the visual-olfactory experiment 

D  contri tion ratios of vision 

E  contri tion ratios of olfaction 

Eval ation a e  X ,Y  and Z  ere a igne  in the e ation  an  contri tion 
ratios D  and E  ere ca c ate   t e ea t are met o  a e .  

Table 1. Contribution ratios of vision and olfaction in the case of roasted tea. 

Evaluation item D� E� r D����E 
S eetne        

itterness       
Umami-flavor 38      

oa te -flavor     :  
eep-flavor       

Pre icte  a ata i it        
 

In all evaluation items, high correlation coefficients (‘ r ’) between evaluated ‘ Z ’, and 
calculated ‘ Z ’ by deciding ‘D ’ and ‘ E ’ were obtained. t a  c eare  ‘ E ’ was larger than 
‘D ’ in all evaluation items. This indicates that the olfactory evaluation of roasted tea might 
have larger effect  on the multi-sensory evaluation than the visual evaluation. 

ontri tion ratio  in green tea tim i a et a  ere o n in a e  
Comparing between Table 1 and Table 2, the magnitude relation between ‘D ’ and ‘ E ’ 

a  a mo t c o e e ce t or in " re icte  a ata i it "  e contri tion ratio mig t e 
i erent et een t e pecies of tea leaves, or the matured stages. 

Table 2. Contribution ratios of vision and olfaction in the case of green tea (Okuda 
). 

Evaluation item D� E� r D����E 
S eetne        

itterne        
oa te -flavor       

eep-flavor       
Pre icte  a ata i it        

4. CONCLUSIONS 
e re ea e  contri tion ratio  o  i ion an  o action c e  to m ti-sensory "predicted 

ta te  an  a ata i it  e a ation  oreo er  e com are  contri tion ratio  in 
roasted tea and green tea stimuli, and found that they are almost similar except for 

re icte  a ata i it  
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A Study of Relationship between Physical Value and Psychological 
Value in PCCS

Tadayuki WAKATA and Miho SAITO
Faculty of Human Sciences, Waseda University

ABSTRACT
In colorimetry, color is classified on the basis of three attributes: hue, value, and chroma. 

These are physically independent, and many color order systems have adopted them; for example, 
the Munsell system. However, these attributes are not psychologically independent. For instance, in 
the Helmholtz-Kohlrausch effect, it was observed that lightness perception is affected by chroma. 
Therefore, it indicates a psychological interaction between value and chroma. Practical Color Co-
ordinate System (PCCS) is a color order system developed in Japan, and it comprises three attributes: 
Hue, Lightness (value), and Saturation (chroma). Moreover, PCCS is characterized by the tone, which 
is a combination of Lightness and Saturation. Many studies have included three or four dimensions 
o  co or image  r re io  t   actor ana i  i entifie  t o imen ion  o  co or  acti it  an  
potency. These factors corresponded with the physical value of color, i.e., potency of Lightness and 
activity of Saturation in PCCS. The purpose of this study is to examine the effect of psychological 
Lightness and Saturation on color image by analyzing its tone. This study adopted two methods. 
First, we investigated the dimensions of the color image; second, we measured the psychological 
Lightness and Saturation of color. Further, we examined the relation between the dimensions of color 
image and psychological Lightness and Saturation using a scanning electron microscope (SEM). The 
stimuli used 12 tones (vivid, bright, strong, deep, light, soft, dull, dark, pale, light grayish, grayish, 

ar  gra i  fi e e      P  an  ac romatic co or  e e ere c a ifie  into 
o r t e   tone tim i  eac  tone con i te  o  fi e e  in a circ e   e tim i  eac  e 

con i te  o   tone  in a ro   gra  ca e  fi e te  o  ac romatic co or in a ro  an   ing e
color stimuli. The subjects watched stimuli and evaluated them by seven point scales of Semantic 
Differential method and Visual Analog Scale. The stimuli were presented randomly. The environment 
o  e eriment a  a c a room o  ni er it  an  t e e eriment a  ta en n er t e ore cent ig t  
As a result, when psychological Lightness and Saturation are integrated, their relationship with the 
im er ona  imen ion  i  e e i ent  e fin ing  o  actor ana i  can e in icate   t ree actor  
similar to Osgood’s three factors. Furthermore, the correlation relationship would be obvious between 
factor scores and physical values. SEM is performed to investigate these results, and consequently, the 
relational model of physical value and psychological value would be constructed.

A study of relationship between 

physical value and psychological value in PCCS
Tadayuki WAKA A & Miho SAITO

Faculty of Human Sciences, Waseda University 

ABSTRACT 

The purpose of this study is to examine the effect of psychological Lightness and 
Saturation on color image by analyzing its tone. This study adopted two methods. First, we 
investigated the dimensions of the color image; second, we measured the psychological 
Lightness and Saturation of color. Further, we examined the relation between the 
dimensions of color image and psychological Lightness and Saturation using a Structural 
Equation Modelling(SEM). As a result, the correlation relationship was observed between 
factor scores and physical values. Furthermore, psychological Lightness and Saturation 
were integrated, their relationship with the dimensions of color image. SEM was 
performed to investigate these results, and consequently, the relational model of physical 
value and psychological value was constructed. 

1. INTRODUCTION

In colorimetry, color is classified on the basis of three attributes: hue, value, and chroma. 
These are physically independent, and many color order systems have adopted them; for
example, the Munsell system. However, these attributes are not psychologically 
independent. For instance, in the Helmholtz-Kohlrausch effect, it was observed that 
lightness perception is affected by chroma. Therefore, it indicates a psychological 
interaction between value and chroma. Practical Color Co-ordinate System (PCCS) is a 
color order system developed in Japan, and it comprises three attributes: Hue, Lightness 
(value), and Saturation (chroma). Moreover, PCCS is characterized by the tone, which is a 
combination of Lightness and Saturation. Many studies have included three or four 
dimensions of color image. Our previous study by factor analysis identified two 
dimensions of color: activity and potency. These factors corresponded with the physical 
value of color, i.e., potency of Lightness and activity of Saturation in PCCS. 

The purpose of this study is to examine the effect of psychological Lightness and 
Saturation on color image by analyzing its tone.  

2. METHOD

This study adopted two methods. First, we investigated the dimensions of the color image; 
second, we measured the psychological Lightness and Saturation of color.  

2.1 Stimuli 

The stimuli used were 12 tones (vivid, bright, strong, deep, light, soft, dull, dark, pale, light 
gra i  gra i  an  ar  gra i  i e e      P  an  i e ac romatic 
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co or  e e ere c a i ie  into o r t e   one tim i  it  eac  tone con i ting o  
i e e  arrange  in a circ e  in ic  t e co or c i  a     cm an  t e mo nt a   
  cm ig   e tim i  it  eac  e con i ting o   tone  arrange  in a ro  in 

ic  t e co or c i  a    cm an  t e mo nt a     cm ig   ray scale, 
it  i e ac romatic co or te  arrange  in a ro  in ic  t e co or c i  a    cm 

an  t e mo nt a     cm ig   an   ing e co or tim i in ic  t e co or c i  
a     cm an  t e mo nt a     cm ig  it  eac  co or eing a te  on a 

neutral gray mount. 

 

 

 

 

 

 

 

 

 

2.2 Questionnaire 

o e tionnaire t e ca e  ere e  ir t  t e emantic i erentia  met o  S  
met o  a  e  to in e tigate co or image dimensions. Then, the visual analog scale 

S  a  e  to mea re c o ogica  co or ig tne  an  at ration  e S  met o  
a   a ecti e- air or ea ti -ugly, clear-m  rig t-dark,  dull-sharp, cheerful-

gloomy, loud- iet  namic-static, strained-loosen, light-heavy, gaudy- e  o t-hard, 
rre - i tinct  arm-coo  re era e-hateful, plain-ric  an  a  a e en-point scale. 
e S a  t o a ecti e air or rig t-dark and vivid-  e e tionnaire a  

presented on an iPad. 

2.2 Experimental Procedure 

ere ere  artici ant  8 male and  ema e  a erage age .  ± .  ear  in this 
e eriment  e e eriment a  con cte  in a ni er it  c a room n er ore cent 
ig t  e artici ant  ere i i e  into o r gro  an  eac  gro  a  re ente  it  a 
i erent tim i or er an  a i erent a ecti e air or  or er  e ect  ere 

re ire  to oo  at eac  co or an  an er t e e tionnaire  

3. RESULTS AND DISCUSSION 

3.1 Factor analysis 

A factor analysis a  e  to e a ate t e re t  o  t e S  met o  e re t o  t e 
factor analysis Maximum likelihood method, Promax rotation  revealed four factors 

a e . The factor loadings differ from Osgood’s factors Osgood et.al.:  and 

ig  Tone stimuli 
There are  in tota  

Fig . Hue stimuli 
There are  in tota  

Fig3. ra  ca e 
 

Fig . single color Stimuli 
t ere are  in tota  
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Oyama’s factors Oyama et.al.:  e ir t actor a  cti it  a ation an  
Potenc  ere interming e  in t e econ  actor  e t ir  actor an  o rt  actor  ere 

m o i e  imagerie  c  a  a e  an  t e  ere a e  on a com ination o  tim i  
Furthermore, this ten enc  a  o er e  in a ata and Saito  a e  o  a 
corre ation re ation i  et een actor  scores  or e am e  t e corre ation et een actor 

 an  actor  r   e actor ana i  o e  t at t e imen ion  o  co or image  
are not independent. 

3.2 Correlation 

The correlation coefficients et een t e S a e ig tne  an  Sat ration  and factor 
scores ere calculated a e3   a re t  a corre ation re ation i  a  o er e  
et een t e ig tne  an  Sat ration r  ; it sugge te  t at c o ogica  ig tne  

an  Sat ration e en  on eac  ot er  i  re t a  con i tent it  t e e m o t –
o ra c  e ect  e ation i  ere o er e  et een t e S a es and the factor 

core  or e am e  t e re ation i  et een the Saturation S  and factor  r   
and t e ig tne  S  an  actor  r  . Factor  is Activity and Factor  is Potency 
and Evaluation. The correlation coefficients suggested that the dimensions of color images 
correspond to psychological values. 

3.1 Structural Equation Modelling 

e re t o  t e actor ana i  an  corre ation coe icient  o e  a re ation i  et een 
the physical value and psychological value in terms of the dimensions of color images. 

e t  t e mo e  o  t i  re ation i  a  i t using Str ct ra  ation o e ing SEM . 
e mo e  con i te  o  main  t o art  ir t  a actor ana i  mo e  o  t e co or image  

o taine  t ro g  t e S  met o  it a  a e  on t e re ting 3.1factor analysis of factor 
 an  actor  Secon  a actor ana i  mo e  o  c o ogica  ig tne  an  Sat ration 
a  o taine   t e S  rt ermore  t e S actor a ecte  t e actor  o  t e co or 

image  e re t a  o n  a at  iagram ig  e coe icient  ere e  in 
standardized val e  e o o ing it arameter  ere e  om arati e it n e  , 

oodness of Fit Index , and oot ean S are rror o  ro imation S . 
As a result,  an   ere ig  t S  a  o er e  to e    i    
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Maximum likelihood method, Promax rotation 

a e . orre ation matri  et een actor  
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 et een S a e  an  actor  core  
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model a  a o te  rom t e a orementione  arameter  e actor o  c o ogica  a e 
o e  t at t e actor in ence o  Sat ration  a  greater t an t at o  ig tne  

. The emergence of this factor depended on Saturation. Therefore, We consider that 
Japanese :akarui  is included in :azayaka . Furthermore, the factors of 
t e co or image o e  a corre ation re ation i  r  P S e ine  Sat ration a  a 

c o ogica  a e  ig tne  a  a o imi ar y defined. This is considere  to e re ate  
to the structure of this model. 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSIONS 

i  t  o e  t at c o ogica  ig tne  an  Sat ration ere not in e en ent an  
gge te  t e e i tence o  a ig  e e  conce t common to ot  aria e  ro g  t e e 

of t i  conce t  a e inition or t e corre on ence et een t e ica  a e an  
c o ogica  a e a  een ac ie e   

  

REFERENCES 

Osgood.   S ci    an  annen a m. P   . The measurement of meaning, 
University of Illinois Press. 

Oyama. T., Soma. I., Tomiie.  an  i ii a    A factor analytical study on 
affective responses to colors     - .  

a ata   Saito    The impression of tones and hue in gradation of Practical 
Color Co-Ordinate System (PCCS), nternationa  o or ociation  ai ei  

ai an  - . 

Address: Tadayuki WAKATA, Saito Lab, Faculty of Human Sciences, University of  
Waseda,2-579-15, Mikashima,Tokorozawa, Saitama ,359-1192, JAPAN 

E-mails:t.wakata@ruri.waseda.jp, miho@waseda.jp 

Fig . Pat  iagram S  

1090
AIC2015 TOKYO - Color and Image



PS2-38

Psychological Effects of Meal Tray Color
on the Visual Palatability of Meals among Individuals with Low Vision 

– the Effect of Brightly Toned Colors
Keiko TOMITA,  a a  and Kimiko OHTANI

 Faculty of Agriculture, Kinki University
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ABSTRACT
Introduction:

ccor ing to re ort   t e or  ea t  rgani ation   mi ion eo e or i e a e 
ia ete  n c  in i i a  a ac  o  contro  o  ietar  inta e can ea  to erio  com ication  
c  a  ia etic retino at  ic  ea  not on  to o  i ion  t a o in ne  t o g  coo ing 

an  eating or ietar  contro  n er o  i ion i  i ic t  mo t co or c eme  ic  re re ent 
an im ortant actor in a etite  in ta e are ma e or in i i a  it  o  i ion on  come in 
com ination  o  ac  an  ite  i  t  e amine  t e c o ogica  e ect  o  mea  tra  co or on 
i a  a ata i it  o  mea  or o  i ion

Methods:
 o or con er ion met o

ea  on tra  t at create  a goo  co or c eme toget er not inc ing i e  on t e tra  ere 
e ecte  ing t e emantic i erentia  S  met o  rom  mea  er e  or a ro imate   

mont  in a n r ing ome in a an  e co or  o  t e tra  it  t e mea  o n  to e mo t a ea ing 
 t e S  met o  ere con erte  to  rig t tone        on t e Practica  o or 

oor inate S tem  ing P oto o  on a i i cr ta  i a   creen  e egitimac  o  co or 
con er ion a  confirme  ing a rig tne  meter

 n e tigation met o
Partici ant  com ri e  ni er it  t ent  mean age   ear   ema e   ma e  

o at in ront o  an  creen onto ic  t e  co or  o  tra  ere ro ecte  ter ie ing  
ect  an ere  a e tionnaire   e eriment  ere er orme  in a room it  a fi e  ore cent 

am  on t e cei ing  e t  ere com are  et een t o gro  a o i ion gro  in ic  ect  
ore o i ion im ation g a e  n  an  a ea t  gro  it o t g a e  n  e ca e o  

t e tra  ict re  a   minance on eac  ta e a    room tem erat re a   
 an  mi it  a    e e tionnaire com ri e  t e o o ing  ection  attri te  

ica  an or menta  con ition  an  image o  t e ining ace  mage  or eac  tra  co or ere e-
fine   t e S  met o  ing  anton mic a ecti e air   ect  too  art in t e e eriment at 
ea t   a ter eating
e t

 ing actor ana e  t o com onent  acti it  an  re a ation  ere e tracte  ra  
co or  a  o iti e or ot  com onent  in term  o  i a  erce tion or ot  o  i ion an  
ea t  ect  n a ition   a  e a ate  ig  i i i it  t an ot er co or
onc ion

ra  co or  a  o n a  t e mo t e  co or or i a  erce tion  ni er a  co or e ign  
an  com ort among  rig t tone co ore  tra
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 Faculty of Agriculture, Kinki University 

 ra ate Sc oo  o  i e an  n ironmenta  Science  oto Pre ect ra  ni er it  

ABSTRACT 

The psychological effects of six meal tray colors       on t e Practica  
o or oor inate S tem  on the i a  a ata i it  o  mea  or in i i a  it  o  
i ion ere in e tigate  mage  or eac  tra  co or ere e cri e  according to the 

semantic differential met o  ing  anton mic a ecti e air  Partici ant  ere divided 
into either a o - i ion gro  in ic  ect  ore o -vision simulation glasses or a 
ea t  gro  it  good vision. Using factor analyses, two components, “activity” and 

“relaxation”  ere e tracte  rom  anton mic a ecti e air  ra  co or  a  o iti e 
or ot  com onent  in term  o  i a  erce tion among ot  o  ision and healthy 

ect  n a ition   o e  higher i i i it  t an the ot er co or  ra  co or  a  
the most useful color for visual perception, universal color design, and comfort of the six 
rig tly colored trays. 

1. INTRODUCTION 

According to t e or  ea t  rgani ation   mi ion eo e or i e a e 
ia ete  n c  in i i a  a ac  o  contro  o  ietar  inta e can ea  to erio  

com ication  c  a  ia etic retino at  ic  ea  not on  to o  i ion  t a o 
in ne  t ough cooking and eating to maintain ietar  contro  n er o  i ion i  

difficult Hiroshi T., , most color schemes S o o  , i   ic  
represent an important factor in appetite, for ta e are ma e or in i i a s it  o  
vision only come in com ination  o  ac  an  ite  i  t  e amine  t e 
psychological effects of meal tray color on the i a  a ata i it  o  mea  or individuals 

it  o  i ion  

2. METHOD 

Pict re  o  mea  on tra  ta en it  a ing e-lens reflex camera i on  ic  
a  a te  to ite a ance selected under the daylight and fluorescent light setting 

 ere e  a  am e  The color of the trays as changed using a i i -crystal 
i a   i e t e co or o  t e mea  a  not a te . An image survey of meals on 

the color-a te  trays a  er orme  n er o  i ion a  e cri e  e o . 

 Sam e preparation methods 

Pictures of  mea  ic  ere er e  or a ro imate   mont  in a n r ing ome 
in a an ere ta en n er  using a standard light source device ac et  ge II: 
Sa ata ngineering o  t  ea  on tra  t at create  a goo  co or c eme toget er 
not including the dishes on the trays  ere e ecte  ing t e emantic i erentia  S  
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met o  it  the  mea  divided into seven grades. Sample photos of these meal  ere 
then selected. 

 o or con er ion methods 

Pictures of the Practica  o or oor inate S tem P S  color chart (Table 1) ere ta en 
n er  it  a tandard light source device Sakata Engineering ac et  ge II  

using a digital single-lens reflex camera i on .  corrections ere made 
ing t e -rite o or ec er a ic Sa ata ngineering  e co or  o  t e tra  it  

t e mea  o n  to e the most appealing according to t e S  met o  ere con erte  to 
six rig t tone        on the P S  ing P oto o  o e S tem  
on a  creen  e egitimac  o  co or con er ion a  con irme  ing a rig tne  
meter Konica Minolta S-  

 

Table 1. Munsel and RGB values of the six tray colors 

P S co or name Munsel value 
 a e 

   
 �     
 �     
 �     
 �     
 �     
 P�     

 

 Image research methods 

e ect  ere ni er it  t ent  mean age   ear   ema e   
ma e  o at in ront o  a  creen onto ic  pictures of the meals and six tray 
co or  ere ro ecte  ter ie ing the pictures of the meals and trays, the ect  
an ere  a e tionnaire   e eriment  ere er orme  in a room it  a fixed 
fluorescent lamp on the ceiling. e ect  ere i i e  into t o gro  a o -vision 
gro  in ic  ect  ore o - i ion im ation g a e  an  a ea t  gro  it o t 
simulation glasses and good vision. e re t  o  t e t o gro  ere compared. In this 
study, t o re earc  met o  ere e  ne a  the paired comparison method ic  
consisted of looking at t o  creens at once, i e the other method consisted of 
looking only at one  creen  The n m er o  ect  or eac  met o  is o n in 
Table 2. e ca e o  t e tra  ict re  a   minance on eac  ta e a   

 room tem erat re a   an  mi it  a   e e tionnaire 
com ri e  t e o o ing t ree ection  attri te  ica  an or menta  condition; and 
image of tray  mage  or eac  tra  co or ere e cri e  accor ing to t e S  met o  

ing  anton mic a ecti e air   ect  too  art in t e e eriment at ea t   
after eating. 
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Table 2.  Number of participants by research method and group 
        Low-vision group 

tra  co or  
Healthy group  

tra  co or  
Total  

 tra  co or  

Single LCD    
Paired comparison method    

Total    
 

Table 3.  Two components (“activity” and “relaxation”) were extracted from the 36 
antonym-adjective pairs by factor analysis 

Activity Relaxation
eer - oom

Exhilarated - Melancholy
Pleased - one ome

Warm - oo
Intimately - one

i e - Unlively
on er ationa - Silent

Happy - Unhappy
Energetic - Weary

Appetizing - Unappetizing
e icio - Undelicious

or ia - Uncordial
Open - o e

Fleshly - Unfleshly
Feminine - Musculine

Sta e - n ta e
a m - Excessive

e t - Unrestful
eart arming - igoro

e a ant - Tense
Ordinary - Original

Natural - Artificial
Healing - Unhealing
Simple - ecorati e

Cronbach's coefficient alpha

Antonymic adjective pairs Components

Eigenvalue
Cumulative contribution ratio(%)

 

3. RESULTS AND DISCUSSION 

 Single  

Using factor analyses, two components, “activity” and “relaxation”, were extracted as 
o n in Table 3  ra  co or  a  o iti e or ot  com onent  in term  o  i al 

erce tion or ot  o  i ion an  ea t  ect  (Figure 1)  n a ition   a  
evaluated to have higher i i i it  t an the other colors tested.  
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 Paired comparison method 

ra  co or  a  t e mo t c ear  i i e among ot  o  i ion an  ea t  ect   
among ea t  gro  a  e a ate  to a e a com orta e and restful ee ing it o t 
gari  image  a t o g  a rig t tone a  ig  a e an  c roma  

 

4. CONCLUSIONS 

mong t e i  rig tly toned trays, tra  co or  a  o n a  t e mo t eful color in 
terms of visual perception, universal color design and comfort. 

 
Figure 1.   Scores of each tray color for the components “activity” and “relaxation” 
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ABSTRACT
Since o n  ee  i  in i en a e  or ea t  o  o  an  min  t e increa ing n m er o  

eo e o are ering rom ee  ro em  i  a concern  rai ing e tion  a o t o  to romote 
ig a it  ee  ne o  t e actor  t o g t to e a ociate  it  ig a it  ee  i  t e ig t 

i mination o  t e e room  S eci ica  t ree c aracteri tic  o  t e ig t ar  igna  t at i  t e 
timing  ig t inten it  an  ig t a e engt  are im ortant or circa ian entrainment  ic  i  
a ociate  it  t e ee  an  a ertne  r t m  an  t ie  ic  a e com are  ong a e engt  
ig t re  ig t  it  ort a e engt  ig t  a e re orte  t at t e ig t a ing ort a e engt  e 
ig t  tim ate  t e circa ian r t m mo t  im acting a ertne  an  re cing t e a it  o  ee  

oreo er  e ig t e o re a  a o een o n to e a actor contri ting to moo  i or er
o e er  accor ing to an in e tigation con cte   ra e o ge  one o  t e ea ing ote  

c ain  in t e  ee ing in a e e room i  ar more con cti e to a goo  nig t  m er t an 
ee ing in a re  e room  Se era  t ie  a e re orte  t at re  i  t e co or ic  tim ate  t e 
m at etic ner o  tem S S  mo t  erea  e acti ate  t e ara m at etic ner o  tem 

P S  ro cing a ca ming e ect  e e t ie  a ear to contra ict t e fin ing  note  e ore
ere ore  in or er to c ari  ic  con ition i  in ee  etter or ee  a re  ig t con ition or 

a e ig t con ition  a t  e ign a e  on t e e erimenta  met o  i  ro o e   a re iminar  
te  t e re ent t  com are  t e im act o  ort an  ong a e engt  on ee ine  an  moo  
ing ot  t e e tionnaire met o  an  a e a iora  ta

 it in ect e eriment a  e igne  S ect  ere e o e  to t o ig ting con ition  
a re  ig ting con ition re ente   a re   ig t ectr m ea  at  nm  an  a e ig ting 
con ition re ente   a e  ig t ectr m ea  at  nm  S ee ine  a  mea re   

i a  ana og ca e S  e tionnaire  oo  a  mea re   ro i e o  moo  tate  P S  
e tionnaire

e t  rom P S o e  t at ota  oo  i t r ance  core  an  igor  
core  a  margina  i erence  in t e e room o  ort a e engt  n t e ca e o  re t  rom 

S  com are  it  e ore an  a ter t e ig t e o re  a ignificant increa ing tren  a  o n  in 
ee ine  ic  to ome e tent re ecte  t e im act o  ig t on t e ee  o e er  no ignificant 
i erence in ee ine  a  o n  et een ort an  ong a e engt

A Comparison Between the Impact of Short and Long 

Wavelengths of Light on Sleepiness and Mood 
Mengxi YUN1,	  Sayaka ARITAKE2, Sunao UCHIDA2, Miho SAITO3 

1Graduate School of Human Sciences, Waseda University 
2Faculty of Sport Sciences, Waseda University 

3Faculty of Human Sciences, Waseda University 
 

ABSTRACT 
 
It is widely acknowledged that light of a certain wavelength induces alertness, disturbing 
the duration of sleep. More precisely, among the wavelengths, short wavelength light (blue 
light) exerts a greater stimulus on circadian rhythm, compared with long wavelength light 
(red light). Previous studies have demonstrated that blue light exposure impacts on 
nocturnal alertness, suggesting the impact of chromatic light on the quality of sleep. On the 
other hand, some investigations have suggested sleeping in blue room is better for sleep 
rather than red room. Therefore, based on the contradiction, the present study was designed 
to figure out the psychological impact of short and long wavelengths light (blue and red 
light) on sleepiness and mood. 

 
1. INTRODUCTION 

	  
Since sound sleep is indispensable for health of body and mind, the increasing number of 
people who are suffering from sleep problems is a concern, raising questions about how to 
promote high-quality sleep. One of the factors thought to be associated with high-quality 
sleep is the bedroom circumstance. Among them, the light illumination of the bedroom is 
one of the most important factors. Light of a certain wavelength is also known to modify 
human circadian rhythm. The timing, light intensity and light wavelength, are three 
important factors for circadian entrainment, which is associated with the sleep and 
alertness rhythm (Dumont et al., 2007). Many studies have reported that exposure to short 
wavelength light (blue light) prior to sleep stimulates the circadian rhythm most, impacting 
on alertness and reducing the quality of sleep (Cajochen et al., 2005). Moreover, blue light 
exposure at night has also been shown to be a factor contributing to mood disorder 
(Bedrosian et al., 2013; Dumont et al., 2007). 

On the other hand, an investigation examining bedroom color conducted by a hotel 
company (Travelodge, 2013), concluded that sleeping in a blue bedroom is far more 
conducive to a good night’s sleep than sleeping in a red bedroom. Further, several studies 
have reported that red is the color which stimulates the sympathetic nervous system (SNS) 
most, whereas blue activates the parasympathetic nervous system (PNS), producing a 
calming effect (Jacobs & Hustmyer, 1974; Sakuragi & Sugiyama, 2011). These studies 
together appear to contradict the findings noted before, although the former studies 
investigated the light color itself, while the latter investigated the reflection of the color of 
the walls. 

In the present study, we examine the effects of bedroom lighting on night sleep. The 
present study compares the impact of short and long wavelength lights on both sleepiness 
and mood, using both questionnaires and a behavioral task to elicit effects. 
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2. METHOD 
 

2.1 Participants 
 
Ten healthy subjects (5 males and 5 females) aged 23 to 35 years who reported not taking 
medication and having no visual defects or psychological disorders, participated in the 
experiment after giving oral consent. The experiment consisted of having subjects exposed 
to light of both short (blue) and long (red) wavelengths. The experiment was conducted 
over a two-day period, with one condition being presented on each day. The order of the 
experimental conditions was determined randomly. The subjects were asked to ensure that 
they had sufficient sleep on the days prior to the experiment. They were also requested to 
refrain from vigorous exercise, and from consuming alcohol or caffeine on both days of the 
experiment.  
 
2.2 Measures 
 
Visual Analogue Scale. The Visual Analogue Scale is an effective way of measuring 
subjective momentary feelings, such as pain, and sleepiness. (Wewers & Lowe, 1990; 
Sakuragi & Sugiyama, 2011). The present study used the VAS to evaluate subjects’ 
physical sleepiness and mental state. 

Psychomotor Vigilance Tests. Psychomotor Vigilance Tests (PVT) use reaction times to 
particular tasks to objectively determine sleepiness (PVT; PC-PVT v1.1.0 developed by 
Biotechnology HPC Software Applications Institute) (Khitrov, et al., 2014). A PVT was 
administered for 10 minutes after exposure to each of the experimental light conditions in 
order to measure sleepiness at the behavioral level.  

Profile of Mood States. The Profile of Mood States (POMS)-Brief Form Japanese 
Version was used to assess subjective mood. POMS categorizes mood into six subscales: 
Tension-anxiety, Depression- dejection, Anger-hostility, Vigor, Fatigue and Confusion. 
POMS also enables the measurement of changes of mood which occur over a short period 
of time (Yokoyama, 2006). The present study used POMS to evaluate the change of mood 
over a period of 30 minutes. 

 
2.3 Apparatus and Procedure 
 
Before being exposed to each experimental light condition, each subject was asked to 
complete both VAS and POMS questionnaires in order to establish the baseline of 
sleepiness, mental state and mood. After the completion of the questionnaires, each subject 
was escorted to a soundproof chamber (length 266cm×width 170cm×height 201cm). In the 
chamber, the apparatus for presenting the chromatic light was located at the center of the 
ceiling, directly above the subject’s head. Each subject was requested to keep his or her 
eyes open for the entire duration of light exposure, ensuring the delivery of the chromatic 
light. Figure 1 shows the image of the experimental environment in which both red light 
and blue light was presented. Two chromatic light conditions were presented using a blue 
LED peaking at 462 nm, and a red LED peaking at 630 nm (Figure 2). Each subject 
received light exposure for 30 minutes. The illuminance of several points in the 
experimental soundproof chamber was measured; red light: 21.81lx, blue light: 3.22lx at 
subject eyes' level. After exposure to each lighting condition, respectively, subjects 
undertook a 10-minute PVT test in the chamber and finally, repeated, in post-test fashion, 
completing the same VAS and POMS questionnaire used in the pre-test. Figure 3 
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illustrates the experimental procedure and the data collection activity periods. 
 

 
Figure 1: Simulated experimental environment of the clamber with red light illumination 
(left) and with blue light illumination (right). 
 

 
Figure 2: Spectral distribution of red LED light (left) and blue LED light (right). 
 
 
Night 1   Blue (30min)    

Night 2   Red (30min)    

       21:00   21:30                              22:00      22:40 
 

 PVT  VAS  POMS 
 

Figure 3: Experimental procedure and data collection times for each subject. 
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3. RESULTS	  AND DISCUSSION 

 
3.1 VAS Results 
 
In terms of reported sleepiness, a paired t test revealed significantly increased sleepiness 
only under the blue condition (t(9)=-3.485, p<0.01). Both blue and red conditions indicated 
significant variation in mental state instability (red: t(9)=2.423, p<0.05; blue: t(9)=3.692, 
p<0.01). However, when changes under the red condition were compared with changes 
under the blue condition, no significant difference was found.  
 
3.2 POMS Results 
 
To establish the comparative impact of light of both long and short wavelengths on mood, 
a paired t test was used for each subscale. In the Vigor subscale, under both the red 
condition and under the blue condition, vigor was significantly reduced (red: t(9)=3.613, 
p<0.01; blue: t(9)=3.647, p<0.01). Further, for the Confusion subscale, the reported degree 
of confusion showed a significant increase only under the blue light condition (t(9)=-2.717, 
p<0.05). However, as with VAS, the POMS results showed no significant difference 
between the red or blue light experimental condition. 
 
3.3 PVT Results 
 
The results of a paired t test showed no significant difference between the red and blue 
light conditions on sleepiness, as determined by behavioral tasks. 
 
3.4 Discussion 
 
After exposure to blue light for 30 minutes, sleepiness increased significantly (VAS 
results), whereas red light failed to induce any significant changes in sleepiness. This result 
is consistent with the statement that the secret to a good night's sleep is to sleep in a blue 
bedroom rather than red bedroom, as reported by a hotel company (Travelodge, 2013). 
Meanwhile, the significant increase of sleepiness under blue light condition indicates a 
discrepancy between the actual outcome and the conclusion of previous studies, that 
short-wavelength light stimulates the suprachiasmatic nucleus (SCN) most, leading to 
circadian rhythm disorder and sleep problems. This inconsistency raises the possibility of 
the existence of other light-sensitive pathways regulating sleep besides the 
retinohypothalamic tract (RHT).  
 With respect to mood, both red and blue light exposure contributed to mood instability. 
However, only under the blue light condition, subjects seemed to become more confused. 
This result is consistent with the conclusion that blue light leads to mood disorder. Since 
mood change before sleep also influence the quality of sleep, it is necessary to integrate 
and compare the reported sleepiness with the impact of mood when evaluating the real 
quality of real sleep. 
 Given that the questionnaires and behavioral method have limitations for determining the 
quality of sleep directly and subjectively, taking into consideration the possibility of other 
light-sensitive pathways regulating sleep proved by the present study, further study is 
needed to analyze electrophysiological measures in order to more accurately clarify the 
impact of different wavelengths of light on sleep. 
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This result is consistent with the conclusion that blue light leads to mood disorder. Since 
mood change before sleep also influence the quality of sleep, it is necessary to integrate 
and compare the reported sleepiness with the impact of mood when evaluating the real 
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quality of sleep directly and subjectively, taking into consideration the possibility of other 
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4. CONCLUSIONS 

Exposure to light of a short wavelength (blue light) for 30 minutes elevates nocturnal 
sleepiness. Mood instability possibly caused by both the short and long wavelengths of 
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quality of sleep. These results require further experimental investigation using 
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ABSTRACT
In our daily life, psychological impressions are formed through multiple sensory modalities 

rat er t an a ing e en or  mo a it  e e erience o  c  cro mo a  erce tion i  ite nat ra  
an  common to  eca e t o or more i erent en or  mo a itie  a  interact in o r rain  

rt ermore  eo e o ten e re  t eir im re ion  in a ociation it  t o e o  co or  ere ore  t e 
com re en ion o  t e re ation i  et een t e im re ion  eri e  rom m ti e en or  mo a itie  
and the impressions of visual information, especially colors, can serve as an effective approach to the 
c arification o  t e tr ct re o  t e im re ion  eri e  rom m ti e en or  mo a itie  So  in t i  
re earc  e  t ro g  e eriment  in e tigate  t e common actor  et een t e im re ion  e icite  

 t e c ange o  a a er co or  an  t e im re ion  e icite   t e c ange o  o n  in i ing 
environments.

  e tota  n m er o  t e ect  o artici ate  in t e e eriment  a   n ergra ate 
an  gra ate t ent   ma e  an   ema e  age  mean  ear  S  e e erimenta  
tim i ere a  o o    mo e  o  a i ing room i t  mm  e t  mm  eig t 

mm  it  a  o  it  miniat re interior materia  t ree o a  a ta e  an  a c rtain  eing ite  
a a er  ere  i erent co or  o  P S Practica  o or o or inate S tem  a e tone an  

gra i  tone      an  ite   So n  tim i   iece  o  m ic o  o r o n com ter
o t are ro ce  com o ition it  t o i erent e   in ig  an  o  at t o i erent tem o  

P   e mo e  a  i minate   Pana onic nat ra  ite
oo ing into t e i ing room t ro g  an o er ation in o  o  t e mo e  t e artici ant  ere 

a e  to rate eac  tim i  e en oint ca e in accor ance to a emantic i erentia  S  met o  
n o r e eriment   a ecti e air  ere e  e e a ation a  o o e   ree comment  a o t 

t e fir t im re ion  t e o iti e or negati e ee ing  t e e tent o  com orta ene  an  o on  toget er 
it  ome er a  e tion  ee ing ree or not  a orite an  i i e  co or  an  o on

e t  com ri e  t ree e eriment  ir t  t e artici ant  ere a e  to e a ate 
c o ogica  eac  i ing room mo e   t e S  met o  an  ro i e ree comment  Secon  

t e  ere a e  to e a ate eac  o  t e o r iece  o  m ic  t e S  met o  ina  t e  ere to 
e a ate  t e ame S  met o  eac  mo e  o  a i ing room i e i tening to one o  t e o r iece  
of music. 

e ata o taine  in t e t ree e eriment  ere ana e  in e en ent   t e S  met o  
i e i oo  met o  Proma  rotation  o actor  o e   in t e ana i  re t  o  a  t e t ree 

e eriment  e fir t actor inc e  t e ca e  iet  arm  o t  ig t  c eer  ornate  
an  o on  an  t e econ  actor inc e  t e ca e  or inar  ca m  ami iar  an  o on  ence  
it i  o i e t at t e e t o actor  are t e common actor  et een t e im re ion  o  co or  an  
t o e o  o n  it  regar  to t e creation o  a com orta e i ing room
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ABSTRACT 
 
In order to investigate and extract common actor  et een t e im re ion  e icite   t e 
c ange o  a -paper colors and those e icite   t e c ange o  o n  in i ing 
en ironment   n ergra ate an  gra ate t ent  ere asked to evaluate a model of 
i ing room  it   i erent a - a er  co or   t e S  met o  Secon  t e  ere 

re ired to evaluate each of four pieces of computer-generate  m ic  t e S  met o . 
e  ere t en evaluated  t e ame S  met o  regarding their impression of a model of 

a i ing room i e i tening to one o  o r iece  o  m ic  e ata o taine  in t e t ree 
e eriment  ere ana e   actor ana i . From among the results of three experiments, 
t o factors, ‘pleasant’ and ‘mild’, ere e tracte . eir o i e ro e in t e ormation o  
impressions o  colors and sounds relate to the concept o  a com orta e i ing room are 
discussed. 
 

1. INTRODUCTION 
 
In daily life, psychological impressions are formed through multiple sensory modalities 
rather than a single sensory modality. The experience of such cross-mo a  erce tion i  ite 
nat ra  an  common eca e t o or more i erent en or  mo a itie  a  interact in the 
rain  i  e ain   people sometimes associate a paticular co or it  a certain genre 

or piece of music. People also often express their memories a ociate  it  various colors. 
on e ent , understanding t e re ation i  et een t e im re ion  eri e  rom 

multiple sensory modalities and the impressions of visual information, especially colors, 
helps clarify the structure of the impressions derived from multiple sensory modalities. In 
ot er or s, color may play an important role as a node of cross-modal perception. For 
instance, Ward et al.  reported that sound-color synesthetes, as a group, tend to see 
lighter colors for higher sounds. Saito et a   investigated the harmonious relationship 
et een co or an  m ic. They found that changes in the key of music corresponds to 

changes in the lightness of PCCS tone. On the other hand, results indicating that changes in 
tempo correspond to changes in lightness and saturation in PCCS tone  rom o er e e  to 
higher levels suggest that tempo has a multi- imen iona  re ation i  it  ig tne  an  
saturation. From a cross-mo a  oint o  ie  it a  also suggested that the components of 
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changes in the lightness of PCCS tone. On the other hand, results indicating that changes in 
tempo correspond to changes in lightness and saturation in PCCS tone  rom o er e e  to 
higher levels suggest that tempo has a multi- imen iona  re ation i  it  ig tne  an  
saturation. From a cross-mo a  oint o  ie  it a  also suggested that the components of 

m ic can e c a i ie   mean  o  t e com onent  o  co or. To further clarify the 
re ation i  et een m ic an  co or on t e a e ment o  a i ing room eing com orta e 
or not, the present study investigates the triangulation of these factors in a living environment. 
n t e re ent t  e investigate factors common to t e im re ion  e icite   t e c ange 

o  a -paper co or  an  t e im re ion  e icite   t e c ange o  o n  in i ing 
environments, using the model of a living room. 
 

 
2. METHOD 

 
2.1 Participants and Apparatus 
 

e n m er o  ect  o artici ate  in t e e eriment  a   n ergra ate an  
gra ate t ent   ma e  an   ema e  age  mean  ear  S  e 
e erimenta  tim i ere a  o o    mo e  o  a i ing room i t  mm  e t  

mm  eig t mm  it  all of its ite miniature interior materials t ree o a  a 
ta e  an  a c rtain  i minate   Panasonic nat ra  ite  See ig  Wall- a er  ere 
 i erent co or  o  the PCCS Practica  o or o-or inate S tem  name  pale tones and 

grayish tones      an  ite  See ig   and Fig.3 ;  So n  tim i   
pieces of music composed using o r o n com ter- o t are in t o i erent octaves of  
ma or, namely 3 ma or o  and the second higher octave ig , at t o i erent tem o  

P  and  The scores of the four pieces of computer-generated m ic can e een 
in Appendices.   
 

 
Figure 1: Model of the living room 

 
 
2.2 Procedure 
 

e artici ant  ere a e  to oo  into the model of the i ing room t ro g  an o er ation 
in o  and rate each stimuli on a seven-point scale o o ing t e semantic i erentia  S  

method. n o r e eriment   a ecti e-pairs ea ant-unpleasant, like-dislike, 
harmonious-unharmonious, ordered-disordered, familiar-unfamiliar, sophisticated-
unsophisticated, clear-unclear, soft-hard, cheap-luxurious, nondistinctive-distinctive, 
cheerful-g oom  iet-noi  rig t-dark, gaudy- e  arm-cool, calm-restless, 
feminine-manly  ere e  e e a ation a  also o o e   ree comment  relating to 
the first impression, the positive or negative feelings, and t e e tent o  com orta ene , 
toget er it  ome er a  e tion , such as feeling free or not, and favorite and disliked 
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colors. 
The study comprised three experiments: First  t e artici ant  ere a e  to give their 
psychological evaluations of each living-room mo e   t e S  met o  an  ro i e ree 
comment  Secon  t e  ere a e  to e a ate each of the four pieces of computer-
generated m ic  t e S  met o  ina  t e  ere asked to evaluate,  t e ame S  
method, eac  mo e  o  a i ing room i e i tening to one o  t e o r iece  o  m ic   
 
 

 
 

Figure 2: Hues and tones of PCCS used in the experiments 
 
 

 
 

Figure 3: Hue and tone of the wall-paper in the models 
 

 
3. RESULTS AND DISCUSSION 

 
3.1 Factor Analysis 
 
T e ata o taine  in t e t ree e eriment  ere ana e  in e en ent   actor ana i  
Maximum likelihood method, Promax rotation  it  t o similar factors emerging. Using 
actor ana i  a or actor met o , Varimax rotation  a data analysis of all three 

experiments a  re eate  a  a re t o  ic  t o actor , ‘pleasant’ and ‘mild’, ere 
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3. RESULTS AND DISCUSSION 

 
3.1 Factor Analysis 
 
T e ata o taine  in t e t ree e eriment  ere ana e  in e en ent   actor ana i  
Maximum likelihood method, Promax rotation  it  t o similar factors emerging. Using 
actor ana i  a or actor met o , Varimax rotation  a data analysis of all three 

experiments a  re eate  a  a re t o  ic  t o actor , ‘pleasant’ and ‘mild’, ere 

identified. a e  in icate  actor oa ing  o  t e ana i  of all of the data from three 
experiments. As the first factor included the scales of pleasant-unpleasant, like-dislike, 
harmonious-unharmonious, ordered-disordered, familiar-unfamiliar, sophisticated-
unsophisticated, clear-unclear, and soft- ar  it a  designated the ‘pleasant’ factor. The 
second factor, ic  con i te  o  the scales of cheerful-g oom  iet-noi  rig t-dark, 
gaudy- e  arm-cool, calm-restless, and feminine-manly, a  designated the ‘mild’ 
actor  ence  it i  o i e t at t e e t o factors, ‘pleasant’ and ‘mild’, are common to the 

formation of impressions a o t a i ing room eing com orta e or not  
 

Table 1: Matrix of factor loadings 
 

 
 

 
 
3.2 Scatter Plot  
 
Fig.  e o  o  a catter plot of the factor scores of all three experiments. The 
com ination o  a -papers pale in tone appears in t e ir t an  o rt  a rants, indicating 
that no matter at the tempo a , the pleasant and harmonious impression a  influenced 

 the tone o  t e a -paper colors, that is, a a e tone a  re erre  to a grayish tone. As 
for the impression of cheerfulness and mildness, the tempo of the music seemed to play an 
important role eca e i e t e tim  com ine  it  a ig  tem o ere main  
scattered in the first and econ  a rants, those a ociate  it  a o  tem o ere ocate  
in the t ir  an  o rt  a rant  
 
3.2 Multiple Regression Analysis 

ti e regre ion ana i  a  er orme  to ascertain t e e ect o  m ic an  a -paper 
colors on the impression of the living room. The highest multiple coefficient of 

etermination a   for ‘feminine – manly’, indicating that no effective e ation o  
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regre ion a  o taine  a  a o e. o e er  the partial regression coefficient of the 
im re ion on  or a - a er co or a  ig er t an t at or m ic  t i  gge te  t at t e 
im re ion o  a -paper color may e t e dominant factor in regard to the conception of a 
com orta e i ing room  
 
 

4. CONCLUSION 
 

n a ie  t  a  carrie  o t to e ci ate common actor  et een t e im re ion  
e icite   t e c ange o  a -paper co or  an  t o e e icite   t e c ange o  o n  in a 
living environment  ree e eriment  ere conducted and Factor analysis a  applied to 
the participants’ evaluations of wall-paper colors of living rooms, relating to sounds, as 
re ente   m ic o  o  an  ig  key  an  o  an  a t tem o. T o main factors, 

‘pleasant’ and ‘mild’ ere e tracte  from all the experimental data indicating t at t e e t o 
factors feature significantly in the conception of a harmonious living room. Moreover, the 
results of multiple regression analysis suggest that the impressions of a -paper colors are 
related to pleasant and harmonious feelings a o t a living room  rt er t ie  are re ire  
to apply the result of this study to actual living environments. 

 

 
 

Figure 4: Scatter plot 
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Appendix 1. The score of the computer-generated music: Higher octave 

 

 
Appendix 2. The score of the computer-generated music: Lower octave 
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S C
Color harmony has been systematically investigated since 1956 at Budapest using specific 

pattern samples. Up to now, there are three known color harmony models proposed by Ou et al. 
(abbreviated as the Ou), Szabó et al. (as the Szabó) and Kuo (as the Kuo). To quantify the impression 
of color harmony, Ou et al. developed a CH formula for two color combinations. Szabó developed 
a CH formula for three color combinations and a harmony rendering index (HRI) quantifying the 
change of the value of CHF for certain test color sample combinations under the test light source. Kuo 
developed a CH formula via adding textile pattern samples, color images of fashion apparel with two 
and three color combinations, and using a psychophysical method of magnitude estimation instead of 
previous psychological method of category judgment. However, the above three models still cannot 
have good agreement with their predictions and visual test results of color harmony. The current 
fin ing  in icate  t at actor  in ence t e acc rac  o  co or armon  re icting mo e  nee  to e 
further examined.
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S C  

Color harmony has been systematically investigated since 1956 at Budapest using specific 
pattern samples. To quantify the impression of color harmony, Szabó et al. (2010) 
developed a CH formula for two and three-color combinations and a harmony rendering 
index (HRI) quantifying the change of the value of CHF for certain test color sample 
combinations under the test light source. Ou et al. (2011) developed an additive CF 
formula for two and three-color combinations and first by using complex images in 
predicting multicolor harmony. Kuo et al. (2011) developed a pilot CH formula by using 
textile pattern samples of color images of fashion apparel for two and three-color 
combinations, and using a psychophysical method of magnitude estimation instead of 
previous psychological method of category judgment. In Kuo and Wei (2013) CHF 
performance test study, the results show that test models still cannot have good agreement 
with model prediction and visual test results of color harmony via textile pattern samples 
of color images of fashion apparel. The findings indicate that factors influence the 
accuracy of color-harmony predicting models need to be further investigated. 

1. I OD C IO  

Color harmony is a complex issue and contains a wide variety of factors. Since last 
centuries, color order systems were developed by Munsell, Ostwald and Itten, and 
nowadays by Nemcsics to establish harmonic sets of colors. Further studies of color 
harmony focused on an interrelationship of colors. Judd and Wyszecki defined harmony as 
“when two or more colors seen in neighboring areas produce a pleasing effect, they are 
said to produce a color harmony”. There are a number of principles of harmony, such as 
‘powerful’, ‘soft’, ‘splendid’, ‘completeness, according to Goethe, ‘order’ according to 
Ostwald, ‘similarity’ and ‘contrast’ according to Nemcsics and Chevreul, and ‘Balance’ 
according to Munsell. Color difference-related color harmony as proposed by Moon and 
Spencer. Other color systems, such as ‘aesthetic uniformity’ by Coloroid system, 
‘similarity’ and ‘color perception’ by Natural Color System. Although those principles 
shared in common regarding color harmony, such as hue, chroma and lightness, but the 
consistency and predictability of color harmony varied from above mentioned factors.  

The recent development in color harmony research adopted CIE colorimetry and 
psychophysical scaling methods for measuring and modeling color harmony in terms of 
visual response based on comparisons of a variety of pairs of color consisted of equal hue, 
or equal chroma, or unequal lightness. Most previous studies on color harmony were 
typically concerned with whether the color harmony scale can be expressed with a small 
number of categories, or factors, by using the psychological method of category judgment 
(Torgerson,1958) or the psychophysical method of magnitude estimation (Kuo, 2007) 
instead. To modelling color harmony has being studied since 1956 at the Budapest 
Technical University by Nemcsics (2007). There are advanced color harmony models 
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concerning additive factors that affected predictability, such as light source quality, color 
emotion, cultural difference, preference, and live-dependency multi-color image test 
samples, subsequently proposed by Szabó et al. (2010), Ou et al. (2011), and Kuo et al. 
(2011). However, there still exists a difference among those models in which various types 
of test color samples and visual experiments were conducted, according to the 
experimental results analyzed by Kuo et al. (2013). 

2. EXPERIMENTA  OD I  O  CO O  O  

2.1 Two-color armony E eriment 

In the common two-color harmony experiment, color stimuli consisted of two squared 
color patches presented side by side, with a gray background (see Fig. 1). These stimuli are 
generated from selected colors, combining all colors from this set of selected colors. This 
set also contains monochromatic two-color combinations with the same hue. The test 
sample colors are selected systematically from the CIE color space containing achromatic 
and chromatic colors. The experiment is repeated to examine repeatability of observer 
responses. The same experiment is also used to investigate dichromatic two-color 
combinations, which consists of two samples of different hue. 

 
Fig. 1: Example of two-color combination (Szabó et al., 2010) 

2.2 Three-color armony eriment 

In the common three-color harmony experiment, color stimuli consisted of three squared 
color patches presented in a triangle position or in a wheel, having a vertex in the middle, 
with a gray background (see Fig. 2a & b). The three-color harmony experiment 
arrangement is similar to two-color harmony experiment. The test sample colors are 
selected systematically from the CIE color space containing achromatic and chromatic 
colors. Monochromatic three-color combinations are composed form these set of samples, 
selecting three of them with the same hue. The experiment is repeated to examine 
repeatability of observer responses. The same experiment is also used to investigate 
trichromatic three-color combinations, which consists of three samples of different hue. 
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a b 

Fig. 2: Example (a) of three-color combination by Szabó et al. (2010); 
Example (b) of three-color combination by Ou et al. (2011) 

2.3 Two and Three-color armony eriment or Com le  Color Ima e  

To use complex images of interior decoration (Ou et al., 2011) or fashion apparel (Kuo et 
al., 2011) as the stimuli (see Fig. 3a & b), there are the latest researches, not only to test 
two and three-color harmony models, but also to be considered more relevant than a 
combination of color patches to the art and design practice. Meanwhile, in Ou’s study, 
effect of image configuration and cultural difference are first examined. The results 
indicate that additive approach, considered as a trichromatic model, is proved effective. 
The experiment environment including grey background, viewing conditions and data 
collection methods were the same as those used two and three-color harmony experiments. 

      
a b 

Fig. 3: Example (a) of image of interior decoration by Ou et al. (2011); 
Example (b) of images of fashion apparel by Kuo et al. (2011) 

 CO ISO S O   O C  O  CO O  O  OD S 

3.1 Sta ility o  Vi al A e ment 

In Kuo et al. (2013) study, a series of color-harmony assessing experiments are carried out 
respectively by fifteen observers using the magnitude estimation method. The coefficient 
of variation (CV%), proposed by Coates et al. (1981), is used to indicate the observer 
variation. The equation is as follow: 

CV(%) = 100[¦(xi – yi)2 / n]1/2 / ỹ, 

where n is the number of samples in xi and yi sets of data, and ỹ is the mean value of the 
yi set data. The larger the value of CV is, the worse the agreement between the two sets of 
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data compared. For a perfect agreement, the value of CV should be zero. The results show 
that a general stability can be found for the visual results, i.e. the total mean value of 78 in 
CV unit. And, the result of assessing stability for the observers in this study is less or equal 
to that for those experiments of color appearance or color difference assessment (Kuo and 
Luo, 1996).  

 e er ormance actor (PF) 

The performance factor (PF) developed by Luo and Rigg (1987) is used to indicate the 
agreement between two sets of data and defined as the following equation: 

PF = 100 (  + VAB + CV/100 – r), 

Where CV and  were proposed by Coates et al. (1981), VAB derived by Schultze and 
Gall (1971), and r is the correlation coefficient between the two sets of data compared. For 
a perfect agreement between two sets of data, the PF value should be zero. All estimations 
of the performance of the color difference formula on predicting visual color differences in 
the following data analysis are, in terms of PF/4 unit, being able to indicate the percentage 
error between two sets of data. Meanwhile, the higher the value of PF/4 obtained, the 
worse the agreement between data sets. 

Table 1. Estimation on the performances of the color-harmony models derived by 
Ou et al. and Szabó et al., and Kuo et al., in predicting visual 
color-harmony data, Hv2 and Hv3 standing for the visual assessing values 
of the samples with two and three color-combinations respectively, by 
means of the performance factor (PF/4) 

       Models 

Values of 

Items   PF/4 

Ou’s Szabó’s Kuo’s 

Hv2 191 137 197 

Hv3 156 115 191 

Mean 174 126 194  

3.3 Com ari ons of t e er ormance o  Three Color- armony o el  

The performances of color-harmony models, such as model Szabó et al. (2010), model Ou 
et al. (2011) and pilot model Kuo et al. (2011), in predicting visual color harmony were 
examined using the experimental visual-harmony data obtained from this study using 162 
color images of fashion apparel containing 141 and 21 test samples with two-color and 
three-color combinations respectively by means of the performance factor (PF/4). The 
results showed that the model Szabó has the best performance in predicting the visual color 
harmony among tested models, having the mean values of 126 in the unit of PF/4 as shown 
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on Table 1. However, above test models still cannot have good agreement between model 
prediction and visual results of color harmony. 

 Di c ion  an  S e tion  

 reement of Factors Attri te to Color Harmony 

According to previous studies, by Szabó et al. (2010) and Ou et al. (2011), on two and 
three-color harmony, the test results agree that the factors influence color harmony, that is, 
‘equal hue’, ‘equal chroma’, ‘unequal lightness’, ‘high lightness’, and ‘hue preference’. 
But, it is also found that test results do not show agreement with two conventional 
principles of color harmony, which are ‘complementary hue’ and ‘equal lightness’ (Szabó 
et al., 2010; Ou et al., 2011). Obviously, there are other factors that attribute to color 
harmony need to be taken in account and require further investigation in future research. 

 t re Direction  or rt er In e ti ation 

In Kuo and Wei (2013) study of the performance among three color harmony models using 
the complex images test samples, surprisingly, the test results show that additive CH model, 
proposed by Ou et al. (2011), does not have the best performance in predicting visual color 
harmony, which is different from the test results as reported in Ou’s study. But, indeed, the 
additive approach opens up a research direction in predicting multicolor harmony whether 
is more relevant to the art and design practice. There are other factors, such as ‘cultural 
difference’, ‘light source color quality’, 'color harmony index (HRI)’, proposed by Szabó; 
‘context’, ‘image configuration’, ‘color size’, proposed by Ou, and ‘live-dependency 
complex image’ test samples, proposed by Ou and Kuo. In addition to improve the 
consistency and predictability of color harmony, there are ongoing researches on Color 
Rendering Index (CRI) and better uniform color space (CIELAB or CIECAM02) to 
achieve accordance. 
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ABSTRACT 

In the everyday we are surrounded by images and the plethora of visual material is 
overwhelming us. We do not anymore look properly at images and we assume that what 
we see is correct. We do not doubt our sight and do not expect that the same image could 
appear with different colours. This proposal depicts the journey of the exploration of the 
physical colour phenomenon called metamerism, where a colour pair looks even in a given 
light situation, but may appear different in a changed light source. In the field of colour 
most practitioners aim to avoid metameric colour pairs, as it is seen as a problem so far. By 
contrast, the fascination of the subtle colour change and the interest to work with this 
‘error’, uncovering the potentiality of something that has not previously been appreciated, 
is a main driver of this research. This research investigates the creation and steering of 
metameric pairs of colours and their impact upon viewers. Yarns, as the basic material of 
the fabrics, have intentionally been dyed to be metameric. Knit has been chosen as the 
medium to create therewith images. The fabrics, thereby created, change colour depending 
on the switched on ‘white’ light source and they are revealing hitherto unnoticed visual 
contrasts. The aim is to give visibility and to lead to a new consideration of this ‘trivial’ 
phenomenon. Light breathes life into the colours of the fabrics and the images unveil the 
phenomenon offering to the audience this wonderful magic of the relativity of colour 
perception. The interaction of light and colour creates different views of one image and 
through these artworks metamerism becomes experiencable and the vitality of colours 
becomes reality. 

1. INTRODUCTION 

The impetus for this research project resulted from my daily routine as a designer. The 
zippers I had carefully selected for a knitted cardigan didn’t match, and I discovered that 
this was due to an optical phenomenon called metamerism. It turned out that the colour of 
a material may appear different under different light sources: when the spectral 
composition of light changes it can result in differences of the spectral diffuse reflectance 
of the material surface, causing the initially uniform colour of the material to appear 
different (Hunt 2011). As in the above example, metameric colours can be a professional 
irritation and to date, colour metamerism is generally discussed as a problem. This 
research, by contrast, seeks to explore the poetic and aesthetic experience of this 
‘unwanted’ physical colour phenomenon in order to reconsider its affect, and put in its true 
light. Through a series of art installations and performances, the project is intended to 
create and sustain the sense of wonder when metamerism is experienced, allowing an 
audience to encounter it consciously, and from a new conceptual angle. It is a 
transdisciplinary exploration of the perception of colours, lighting and environment 
bringing together the fields of art, science and technology, using the craft of dyeing and 
knitting. Ideas have been tested in several performances and installations; this paper will 
outline progress so far, and concentrate upon part of this research journey, the installation 
“Trilogy of light”, a performative installation with three wall-mounted knitted ‘canvases’, 
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showing three times the same image of a lamp, but with interchanged colours. The work is 
illuminated by at least two different light sources, switched on and off alternately, and 
changing at set intervals, thus enabling the images depicted to reveal unexpected subtle 
colour changes. 
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which can be dyed in the manner, that they would look visually the same in daylight D65 
but would look different under A and TL841. Knowing that mixed colours tend to be the 
most metameric, recipes in the range of greyish, brownish and greenish colours have been 
calculated by the Datacolor System. The research aimed for colour recipes, which would 
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first colour should stay stable in all the three lights, the second should change visibly in the 
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combinations, which showed visually attractive changes, were an olive green and the 
decision has been taken to proceed with this, and to determine the best way to create and 
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2.2 Knit as material and medium 
Knit has been chosen as the material to combine the purposefully metameric dyed yarns. I 
am a trained textile artisan and a knitwear designer, with knit as my core competence: the 
use of textile techniques as a medium for these artworks is a logical consequence. Jessica 
Hemmings’ makes clear that knit contributes 

“… to a vast array of disciplines, including contemporary and traditional crafts, 
modern literature, fine art, feminism, activism and history” (Hemmings 2010). 

                                                
1 D65 and A are Standard Illuminates, defined by the International Commission of 
Illumination, (CIE), D65 is a definition of day light with a temperature of about 6504 
Kelvin. A corresponds to incandescent light with a temperature of about 2856 Kelvin. 
TL84 instead is a definition of a fluorescent lamp with a temperature of about 4000 Kelvin. 
(Hunt 2011). 
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Like Hemmings, this project seeks to acknowledge and expand the contribution knitting 
can make to different disciplines2. 

With the first dyed yarn, different fabrics were produced using stripes, jacquard and 
more complex structures; these were then observed under defined light sources and the 
effects evaluated according to the subjective aesthetic visual judgement of an artist. These 
initial explorations were the crucial basis for developing subsequent concepts for 
installations and performances.  

2.3 Light, Performances & Installations 

It had been the intention to construct a light cabinet to test the work, but during the 
research the colour change triggered by common light sources shifted this: it was decided 
to work with everyday light sources underlining the prosaicness of the phenomenon. 
Several bulbs were purchased from an ordinary shop, inserted in various lamps and 
observed against three coloured fabrics. Fluorescent energy saver bulbs produced visually 
attractive colour changes, as did the incandescent bulbs (halogen and the old banned bulb). 

As the research aims to make visible the phenomenon, and to change the usually 
negative perception, it became clear that installation and performance could be an effective 
method for exploration and testing. Each installation and performance requires a certain 
light setting dependent on the concept of each work. As it is rarely possible in gallery 
installation settings to show artworks in daylight, the unicolour variation gets lost; by 
contrast performances give an opportunity to lead the audience from rooms with daylight 
to those with different artificial illumination. In practice it has been difficult to control the 
setting of the light sources and the installation was not yet always ideal. Further research is 
needed to explore a broader range of illumination options and settings. 

3. EXPERIMENTS, RESULTS AND REFLECTION 

3.1 Installations and Performances 

“green-green-green” 

For the performance “green-green-green” a dress was developed, which acts as a ‘canvas’ 
during performances and gives the performer the chance to move around in a building with 
the audience taking advantage of the available light sources. It became clear that it was 
important to start the performances in daylight, as viewers experience a greater sense of 
wonder when something apparently unicolour becomes colourful. What was especially 
interesting in terms of changing perceptions, was that one observer saw a unicolour dress 
in the beginning in the daylight situation, but after the performance she could not revert to 
seeing a single colour now she knew that different colours were present. The live 
experience of engaging with performances reliant upon specific light generates powerful 
sensory affect through which a poetic physical experience can unfold (Figure 1). 

                                                
2 As well Turney (Turney 2009) stresses the important cultural contribution of knitting. 
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Figure 1 Image of the Performance: “green-green-green”, 2014, Nottingham UK 

“green-green-green_1_03:11”  

Subsequent developments involved images of the performer knitted with a Jacquard 
technique. By reducing the colour range of the images with the software Photoshop to just 
three colours, images were produced with the three metameric green dyed variations of 
yarn. “green-green-green_1_03:11” (Figure 2) was tested in the ‘Knitting Nottingham’ 
exhibition, Bonington Gallery, Nottingham UK where it was framed as a performative 
installation: as Erika Fischer-Lichte argues, the key aspects of performativity are 
unpredictability and a transformative power (Fischer-Lichte 2012). The installation is time-
based and the image performs a colour change, which is not predictable. This subtle and 
aesthetic wonder can change the perception of the phenomenon. Leavy (Leavy 2009: 255) 
formulates it like this: 

“The arts can grab hold of people’s attention in powerful ways, making lasting 
impressions. Art is immediate. …; a piece of visual art can stop people in their tracks 
and jar them into seeing something differently; …”. 

In this exhibition, the Tungsten spotlight was working appropriately, but the fluorescent 
light was put just underneath the artwork and unfortunately was not strong enough to 
experience the second colour variation accurately. 

 
Figure 2: “green-green-green_1_03:11”, 2014, Bonington Gallery, Nottingham UK 

“Trilogy of light” 

In order to consider the specific types of light to be used within the research, it was 
necessary to explore a range of light sources, and as a by-product an archive of images of 
lamps and light was created (Figure 3). At a certain point, this material became interesting 
in itself, and this subject matter formed the source in turn for the image in three knitted 
squares forming “Trilogy of Light” (Figure 4).  
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Figure 3: Various photos of lamps and light 

 
Figure 5: “Trilogy of light” in Tungsten 

Each knitted square has an image of the same lamp, made using differently dyed yarns 
to create three different metameric options. In daylight the human eye is not capable of 
perceiving the differences of colour and the image is hidden: the colour variations only 
occur when artificial lights are used. In this installation, the same cone of light is shown 
three times, but each ‘canvas’ reacts differently to the same light situation. It is a double 
game: the light itself is a form on the image, made visible by the form of the lampshade. 
Böhme (Böhme 1995) asserted, that we could see light only, if it appears as a medium. In 
fact the canvas acts as a medium; the lamp is the carrier of the light source and the light 
source of the standard lamp in front of the installation is the trigger. Through this 
combination the phenomenon comes alive. The knitted trilogy, provoked by various light 
sources, plays with perception and offers a visual and aesthetic experience. In this research 
the image is a medium to enable insight. A new point of view of this ‘unwanted’ physical 
colour phenomenon is generated. The conscious witnessing of the phenomenon enables a 
new experience. For Böhme (Böhme 1994) all light artists are tutors because their works 
are exercises of perception: as they offer the possibility to sense, observe and to feel the 
impact of light, to understand something of the context of light, room and perception, 
which is often forgotten and unobtrusive in the daily life. I see the performances and 
installations in this sense. 

4. CONCLUSIONS 

The artwork “Trilogy of light” as part of this research leads to a new consideration of the 
unwanted metameric phenomenon and therefore it is offering new insight. New knowledge 
is created through practice-based research; creating artworks, which are able to be 
experienced and which can be showed in different contexts to diverse audiences. The 
research has been tested with audiences through a series of performances and installations 
across the last year. It has been interesting to have responses from fellow researchers, 
artists, children and so on: all encountered the wonder of the subtle colour change and 
proved to be astonished by this banal phenomenon. Those working in colour education 
have already asked for demonstration material, so an educational output is possible. 
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This performative artwork is an embodied experience; research through practice and 
exploring through observing. The artworks open the phenomena to further questions. After 
performances or discussions about the research, it was confirmed that everybody knows 
the phenomenon, but nobody really knows it. The performances piqued the curiosity of 
audiences and changed their understanding as the hidden image shows its true colours, 
when it is provoked by various light situations: new insight is created and leads to a 
conscious appropriation of the physical colour phenomenon. The research is still on going 
and there is further development of installations and performance needed with the goal to 
communicate with images and words and to debate and test the research in the public 
domain. This work is a contribution in the field of colour and light and aims to reach a 
broad audience to spread the new observation of this phenomenon and to explore subtle 
instances of ‘wonder’ provoked by encounters with metameric phenomena. Working to 
consider how the poetics of this experience generate new aesthetic and artistic knowledge, 
it will take up John Dewey’s contention that in the use of the senses a possibility of insight 
is embodied. 
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ABSTRACT
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Does colour really affect pulse rate and blood pressure? 
Soojin LEE, Stephen WESTLAND 

 School of Design, University of Leeds, UK 
 

ABSTRACT 
It is commonly believed that colour affects our heart rates and our blood pressure. 
However, evidence for this is limited. In this study, 42 participants took part in an 
experiment to explore the effect of the colour of an environment. Physiological 
measurements were taken of blood pressure and pulse rate after exposure to coloured-light 
environments for about 20 minutes. It was found that pulse rate was raised under red light 
compared with blue and green light. It was also found that blood pressure was raised under 
red light. However, no statistically significant effects were observed. 

1. INTRODUCTION 
There are two possibilities why a certain colour could induce a particular reaction (Kaiser, 
1984). Firstly, it could be explained as physiological autonomic reactions to colour. 
Secondly, the responses could be evoked (possibly, for example, as colour associations) 
from observers’ perception of the world. It is still debated whether the reaction comes from 
nervous autonomic systems or a cognition process of past culturally based experiences 
with colour, or the two mechanisms simultaneously (Kaiser, 1984).  

For autonomic nervous systems typically, the following techniques have been employed: 
electroencephalogram (EEG), galvanic skin response (GSR), skin conductance response 
(SCR), palmar conductance, respiration movement, blood pressure, and heart rate. 
Although a significant effect of colour on these autonomic systems (except heart rate) was 
found by Gerard (1958), a later study found that only for GSR was there a significant 
physiological effect of colour (Jacobs and Hustmyer, 1974). A review of the literature in 
1984 revealed very little evidence that colour can affect heart rate or blood pressure 
(Kaiser, 1984). More recently, Spath (2011) did find a decrease in blood pressure and heart 
rate when participants relaxed in a pink room; however, the experiment was not controlled 
and it is possible that participants may have shown a similar reduction if they had relaxed 
in a white room, for example. The question of whether colour (and coloured light in 
particular) can induce physiological changes is therefore still open and this study addresses 
it. 

2. METHOD 
The study was conducted in a lighting laboratory at University of Leeds (UK). The room 
was equipped with controllable LED lighting. A personal colour environment was 
constructed using a pop-up photographic studio (see Figure 1) which was illuminated 
externally with lighting of one of four colours (white, red, green and blue). The light inside 
the environment was diffuse (apart from a patch that was behind where the participants sat) 
and was adjusted so that a measurement of the interior of the environment had a luminance 
of 4.21-4.27 cd/m². Note that this level was determined primarily by the blue-light 
condition which has low luminance even at the brightest setting. Since it was important 
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that each light was set to the same luminance the luminance of the blue light was a 
controlling factor. 
A total of 42 participants took part in the study; 22 females and 20 males aged 21-35 years. 
No major medical or visual disabilities were detected. All subjects were run separately. 
The subjects were divided (randomly but balanced with approximately equal gender and 
nationality in each group) into three groups according to the three different coloured lights 
(red, green, and blue). Therefore, there were 14 participants for each colour condition. 

 
 

 
 

 
 

 
 

 
 

 
Figure 1: The personal-colour environment in the four different conditions. Note that the computer 

was only present during pre-experimental measurements and was not in the environment during 
the actual experiments. 

 

Each participant was first exposed to the white-light condition (control) and asked to 
complete an action-behaviour tendency (ACS-90) questionnaire (Kuhl, 1994) during which 
they became adapted to the light. The questionnaire results are not being considered in this 
paper. After completing the ACS-90 questionnaire each participant’s blood pressure and 
pulse were measured. The colour of the light was changed (to either red, green or blue, 
depending which group they were in) and in order that the participants spent the same 
amount of time under each light, they were asked to complete a short logic test. On average 
participants spent about 20 minutes under each lighting condition and blood pressure and 
pulse rate were measured at the end of this period. 

Different participants were exposed to red, blue and green light and therefore a direct 
comparison between the heart rates, for example, under the different lights cannot be 
carried out. Instead, in this work we consider the change in heart rate (and blood pressure) 
for each participant when they first adapted to white light and then adapted to a coloured 
light. 

3. RESULTS AND DISCUSSION 

Table 1 shows the pulse rate results and shows that, on average, there was an increase in 
pulse rate under the red light (compared with the white light) and a decrease under the 
green and blue lights. However, none of the differences were statistically significant (p > 
0.05).  
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Table 2 shows the blood pressure results and shows that, on average, there was an increase 
in blood pressure (both systolic and diastolic) under the red light. However, none of the 
differences were statistically significant (p > 0.1).  

  

PR	   	   BP	  (Systolic)	   BP	  (Diastolic)	  
red	   green	   blue	   	   red	   green	   blue	   red	   green	   blue	  
0	   -‐9	   0	   	   -‐6	   10	   1	   -‐1	   1	   -‐5	  
2	   -‐7	   0	   	   -‐7	   3	   0	   1	   2	   -‐4	  
-‐5	   -‐5	   -‐3	   	   7	   -‐10	   1	   1	   -‐5	   -‐2	  
-‐5	   1	   5	   	   -‐7	   0	   4	   -‐8	   8	   4	  
1	   -‐6	   -‐7	   	   -‐5	   -‐5	   3	   -‐6	   -‐9	   -‐1	  
-‐4	   -‐6	   4	   	   -‐4	   -‐1	   2	   -‐1	   -‐2	   -‐1	  
-‐1	   -‐16	   -‐4	   	   8	   -‐12	   -‐3	   -‐1	   -‐5	   1	  
7	   0	   -‐5	   	   5	   0	   -‐5	   2	   0	   -‐1	  
6	   5	   -‐3	   	   3	   -‐16	   -‐1	   10	   -‐1	   0	  
7	   8	   2	   	   -‐4	   -‐4	   9	   6	   12	   8	  
-‐1	   2	   -‐4	   	   11	   -‐5	   -‐5	   8	   3	   -‐3	  
7	   2	   8	   	   5	   8	   3	   11	   2	   -‐26	  
-‐8	   6	   1	   	   2	   -‐5	   0	   -‐5	   0	   2	  
-‐1	   1	   0	   	   23	   10	   -‐7	   17	   12	   -‐10	  
	  	   	  	   	  	   	   	  	   	  	   	  	   	  	   	  	   	  	  

0.3571	   -‐1.7143	   -‐0.4286	   	   2.2143	   -‐1.9286	   0.1429	   2.4286	   1.2857	   -‐2.7143	  
 

 

 

 

 

 

 

 

-‐6	  

-‐4	  

-‐2	  

0	  

2	  

4	  

6	  

R	   G	   B	   R	   G	   B	   R	   G	   B	  

PR	   PR	   PR	   BP(S)	   BP(S)	   BP(S)	   BP(D)	   BP(D)	   BP(D)	  

Di
ffe

re
nc
e	  
be

tw
ee
n	  
te
st
	  a
nd

	  c
on

tr
ol
	  

	  

Condi;on	  

Table 1: The difference between 
the pulse rate measured under 
the test light and the control 
light is calculated for each 

participant. The mean 
differences for each of the three 

test lights are shown in the 
bottom row. 

Table 2: The difference between the blood pressure 
measured under the test light and the control light is 

calculated for each participant. The mean differences for 
each of the three test lights are shown in the bottom row. 

Data are shown for systolic and diastolic conditions. 

Figure 2: Summary of the physiological measurements. The mean differences in pulse rate PR, 
systolic blood pressure BP (S) and diastolic blood pressure BP (D) between the test and 

control light conditions are shown. 
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Table 2 shows the blood pressure results and shows that, on average, there was an increase 
in blood pressure (both systolic and diastolic) under the red light. However, none of the 
differences were statistically significant (p > 0.1).  
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Table 1: The difference between 
the pulse rate measured under 
the test light and the control 
light is calculated for each 

participant. The mean 
differences for each of the three 

test lights are shown in the 
bottom row. 

Table 2: The difference between the blood pressure 
measured under the test light and the control light is 

calculated for each participant. The mean differences for 
each of the three test lights are shown in the bottom row. 

Data are shown for systolic and diastolic conditions. 

Figure 2: Summary of the physiological measurements. The mean differences in pulse rate PR, 
systolic blood pressure BP (S) and diastolic blood pressure BP (D) between the test and 

control light conditions are shown. 

 

 

4. CONCLUSIONS 

In this study, 42 participants took part in an experiment to explore the effect on their 
physiological response. Measurements were taken of blood pressure and pulse rate. When 
compared with the control condition (white light), the pulse rate increased under the red-
light condition and decreased under the blue- and green-light conditions. The effects were 
not statistically significant, however; this is consistent with Jacobs and Hustmyer (1974) 
who found no effect of colour on heart rate. 

When compared with the control condition, blood pressure (systolic and diastolic) 
increased under the red-light condition. However, there was no statistically significant 
effect of the test colour on blood-pressure change. This is consistent with Kaiser (1984) 
who noted that he had “unpublished data which show no differences in systolic blood 
pressure as a function of observers looking at grey, red, blue, green, or pink”.  

Despite anecdotal evidence that colour affects blood pressure and heart rate, in this study 
we find no statistically significant effect despite using colour environments that were very 
intense and likely to be far more colourful than the environment in most practical 
applications. However, it cannot be ruled out that in this study there were simply too few 
participants to find a significant effect since although there were 42 participants there were 
only 14 for each colour condition. The observation that red did increase blood pressure and 
pulse rate (although not significantly) is intriguing however and further work is probably 
needed with much greater numbers of participants to be able to make a robust and general 
conclusion. All that can be said is that, in this study, no effects were found. It seems likely, 
that even if a further study with more participants finds a significant effect then the effect 
may not be very meaningful since the magnitudes of the differences (even under the 
relatively extreme conditions used in this study) were quite small.   
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ABSTRACT 
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co orimetric mea rement ata or t e  co o r  inc ing minance an  t e  a e  
e air o  oc ment a o t a  com o e    te t- ac gro n  com ination  rom  
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a o t a  re ente  on t e ame te t  t e on  i erence eing t e ig tne  a e  o  t e 

te t an  o  t e ac gro n  or t e t o oc ment a o t  

Table 1.CIE colorimetric data  for colour samples used in Experiment 1 and Experiment 2 

o o r minance    

 ac   c m     

 dark grey  c m     

3. medium grey  c m     

 light grey  c m     

 ite  c m     

 

ent  o er age   ear  an  t ent  o ng age  -  ear  o er er  ere 
re ente  it   air  o  oc ment a o t  on an iPa  a  o n in ig re   a  
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it ate  in a ar ene  room  it  t e on  ig t o rce coming rom t e iPa   e i a  
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 e ie ing i tance a  aro n  mm et een t e o er er an  t e iPa   
ic  a  ace  it  a ti t ang e o   egree  again t a desk.   

 

 

 

 

 

 

 

a                                                                          

Figure 1: Examples of screen layouts for (a) Experiment 1 and (b) Experiment 2 

3. RESULTS AND DISCUSSION 
e ca e a e  o  i a  com ort ere etermined using the paired comparison method 

r tone   e ca e a e  o taine  rom eriment  or o er o er er  ere 
otte  again t t e ig tne  i erence a e  a  i trate  in ig re  a   io  t e 

 ig tne  i erence et een te t an  ac gro n  a ect t e o er er re on e   t i  
c ear rom t e gra  t at t e ig er t e ig tne  i erence et een te t an  ac gro n  

1123
AIC2015 TOKYO - Color and Image



 

 

-3

3

0 20 40 60 80 100

ac gro n  
ac

ac gro n  
ar  gre

ac gro n  
e i m re

ac gro n  
ig t gre

ac gro n  
White

|△L*|

Older observers(iPad 2)

V
is

ua
l c

om
fo

rt

|△L*|

V
is

ua
l c

om
fo

rt

-3

3

0 20 40 60 80 100

ac gro n  
ac

ac gro n  
ar  gre

ac gro n  
Medium grey

ac gro n  
ig t gre

ac gro n  
White

|△L*|

Young observers(iPad 2)

V
isu

al
 c

om
fo

rt

-3

3

0 20 40 60 80 100

ac gro n  
ac

ac gro n  
ar  gre

ac gro n  
e i m re

ac gro n  
ig t gre

ac gro n  
White

|△L*|

Older observers(iPod touch 4)

V
is

ua
l c

om
fo

rt

|△L*|

V
is

ua
l c

om
fo

rt

-3

3

0 20 40 60 80 100

ac gro n  
ac

ac gro n  
ar  gre

ac gro n  
Medium grey

ac gro n  
ig t gre

ac gro n  
White

|△L*|

Young observers(iPod touch 4)

V
is

ua
l c

om
fo

rt

t e ig er t e i a  com ort or o er o er er   ote t i  ten enc  oe  not eem to e 
a ecte   t e ac gro n  minance   n t e ot er an  ig re    o  t at in 
genera  or t e ig tne  i erence o er  or o ng o er er  t e i a  com ort a e 
remain  nc ange  or e en tart  to ec ine  i  ten enc  or o ng o er er  i  i erent 
from that for older o er er  a  e cri e  a o e  
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a                                                                        

Figure 3: Visual comfort plotted against CIE lightness difference (UL*) between text and 
background as results of Experiment 1 for (a) Older observers and (b) Young observers 

a                                                                        

Figure 4: Visual comfort plotted against CIE lightness difference (UL*) between text and 
background as results of Experiment 2 for (a) Older observers and (b) Young observers 
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a                                                                        

Figure 3: Visual comfort plotted against CIE lightness difference (UL*) between text and 
background as results of Experiment 1 for (a) Older observers and (b) Young observers 

a                                                                        

Figure 4: Visual comfort plotted against CIE lightness difference (UL*) between text and 
background as results of Experiment 2 for (a) Older observers and (b) Young observers 

 

 

4. CONCLUSIONS 
o c o ica  e eriment  ere con cte  to in e tigate t e i a  com ort or 

i erent ont i e  inc ing o ng an  o er o er er   ccor ing to the experimental 
re t  o er o er er  ten e  to re er arge ig tne  i erence eriment  an   
et een te t an  ac gro n  o n on t e iPa    or o ng o er er  on t e ot er 
an  a oc ment a o t it  a me i m ig tne  i erence eriment  an   et een 

te t an  ac gro n  ten e  to e mo t com orta e to rea   i  gge t  t at t e ont i e 
a  itt e in ence on t e ten enc  o  i a  com ort or o er an  o ng o er er   ote 

t at t e i a  com ort o  ac  ac gro n  i  t e o e t ca e a es or o er o er er   
n contra t  t e i a  com ort o  ac  an  ite ac gro n  i  t e o e t ca e a es 

only or o ng o er er   i  enomenon or o ng o er er  i  i erent rom t e ca e 
a e  or o er o er ers. 
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In ence o  S ectral Com onent o  ite i t on t e Di com ort 
Glare

— Contribution of Image and Non-image Forming Pathways —
Toshihiro TOYOTA and a a a i S  

n tria  e earc  n tit te o  S i o a Pre ect re

ABSTRACT
i com ort g are i  remar a e i e on no e  ig t o rce  c  a  o i  tate i minating ig t 

o rce   an   i  i e ma  e e to ario  actor  tica  c aracteri tic  c  a  
 i tri tion  i e an  ni ormit  o  t e ig t emitting art  i  one o  cr cia  actor an  t e  a e 

een i c e  to e ten  con entiona  i com ort g are e timation e ation no n a   to e 
a ai a e or no e  ig t o rce

n t i  re earc  e oc e  on t e act t at o i  tate ig t o rce  i er great  in ectra  
c aracteri tic  rom con entiona  ig t o rce  e con cte  ecti e e a ation e eriment  ing 
metameric ig t  it  i erent ectra  c aracteri tic  an  t e ame otometric a e to in  o t 

et er t ere are i erence  in i com ort g are
 et o  metameric ite ig t a  e  to in e tigate t e in ence o  ectra  conte t to t e 

i com ort g are  Si  ectra  i tri tion  o  metameric ite ig t  ere e igne  a e  on rinci e 
o  com o ition  o  monoc romatic ectr m  o o  te t ig t  con i t o  t o monoc romatic ig t  

ic  a e a ea  in i erent a e engt  an  t ree o  te t ig t  con i t o  t ree monoc romatic 
ig t   con entiona  ig t  ectra  roa  ig t a  a o em o e  romaticit  o  t e eac  te t 
ig t a  fi e  to    an     in  eg c romaticit  iagram an  minance 
a  fi e  to  c m

eriment  ere er orme  in ar  room  S ectra  rogramma e ig t engine a  e  or 
re enting te t ig t  o r a t  man ere artici ate  ter ar  a a tation  te t ig t a  re ente  

in  ec  er er  ere in tr cte  to fi ate te t ig t an  re ort t e e a ation a  i com ort g are 
ca e  to   in or t  no n a  con entiona  i com ort e a ation met o  a ter te t ig t a  

t rne  o  Si  te t ig t  ere ran om  e a ate  in one oc  ac  o er er a  ta e  i  oc  
in tota  ere  ir t one oc  a  con i ere  a  training ta  e a ation  o  a t i e oc  ere 
employed as candidates of analysis.

e t  o e  t at a t o g  eac  minance o  te t ig t a  ame  i com ort g are a e a 
c ear e en enc  to ectra  i tri tion o  t e te t ig t  ecia  e citation antit  aro n   
nm  a  een corre ate  it  i com ort g are e a ation

ere ore  e in e tigate  t e contri tion o  i  a  non image orming at a  an  
ro  a  image orming at a  to t e i com ort g are  o o ing t e com o ite action ectr m 

ic  a  ro o e   ea  Pinea  e   antit  o  i  tim ation or t e eac  ig t 
a  ca c ate  o  antitie  o  ro  tim ation  ere ca c ate  en  e o n  t at corre ation 
et een antit  o  t em an  c o ica  e a ation o  i com ort g are

e e re t  gge t t at i com ort g are co  e a ecte  to ot  image an  non image 
orming at a

Influence of spectral component of white light on the 
discomfort glare

—Contribution of image and non-image forming pathways—
Toshihiro TOYOTA, Taka-a i S

n tria  e earc  Institute of Shizuoka Prefecture

ABSTRACT
i com ort g are i  a remar a e i e on no e  ig t o rce  c  a  o i  tate 

i minating ig t o rce   an   n t i  re earc  e oc e  on t e act t at 
solid state light sources differ greatly in spectral characteristics from conventional light 
sources. In our re io  t ie  e con cte  ecti e e a ation e eriment  ing 
metameric ig t  it  i erent ectra  c aracteri tic  an  t e ame otometric a e to 
in  o t et er t ere are differences in discomfort glare. The re t  o e  t at a t o g  

eac  minance o  te t ig t a  the same, discomfort glare has a clear dependency to 
ectra  i tri tion o  t e te t ig t  In particular  e citation antit  around specific 
a e engt s a  een corre ate  it  i com ort glare evaluation. ere ore  e 

in e tigate  t e contri tion o  i s as non-image orming at a  an  ro s as 
image- orming at a  to t e i com ort g are  We then found a corre ation et een the 

antity of them and the psychophysical evaluation of discomfort glare.

1. INTRODUCTION
ecent  i com ort g are i  a crucial issue regarding no e  ig t o rce  c  a   or 

 There are many optical characteristics et een tra itiona  ig t o rce  an novel 
light sources. In particular, ectra  i tri tion  of those light sources are ite ni e

Our previous t ie  o e  a clear dependency et een ectra  c aracteri tic  an  
discomfort glare perception o ota et a . In those studies, a series of spectral 
i tri tion o  te t ig t that had the same chromaticity as da ig t      

c romaticit       an  the same luminance for all of those as 
metameric ite ig t  a  e igne   com ining e era  monoc romatic ig t  it   
nm ectra  an i t We employed several limitations to simplify the spectral designing
roce  eca e it i  e  no n t at t ere are inn mera e ectra  i tri tion  that 

correspond to the same chromaticity Sc mitt . The central a e engt of each 
monoc romatic ig t a  re iminari  i e  a  o n in a e  an  the com ining 
ratio o  eac  monoc romatic ig t a  o timi e . ac  te t ig t a re re ente   a 
digitally-contro e  ectra  rogramma e ig t engine ne ig t S ectra  ne ig t 

or  erie  o  ecti e i com ort g are rating   nine e e  conforming to a
con entiona  manner as conducted. e t  o e  t at iscomfort glare perceptions 
varied even if test light of the chromaticity and luminance had the same photometric value
a  o n in ig re i com ort g are erce tion eem  to e particularly related to the 

spectral intensity around the a e engt  o   nm o  ite ig t

The aim of this study is to discuss et er the mechanism of the discomfort glare 
perception co  e in ence   t e ectra  c aracteri tic  o  light sources. We focused 
on t e re ation i  et een re t  o  t e i com ort g are rating  an  several cellular 
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Table 1. Spectral conditions of metameric white lights as test lights.

on ition
entra  a e engt  nm Photometric value

1 Lv [cd/m x y

T3

road

Figure 1: Discomfort glare ratings for metameric white light.

2. METHOD
We investigated the relationship et een ectra  c aracteri tic  an  t e discomfort glare 
perception mechanism focusing on the o o ing er ecti e

 minance e iation ca e   arti acts of reproducing the test light.

 mage orming at a : rod photoreceptors.

 on-image orming at a  intrinsically photosensitive melanopsin retinal 
ganglion cells i .

2.1 Contribution of the luminance deviation
n t e ectra  i tr tion e igning process, chromaticity and luminance for all of the 

metameric ite ig t  ere i e  at the same value. Furthermore, fine tuning of each 
ectra  i tri tion o  the te t ig t a  er orme  to correct t e re re entation error o  

the ig t engine  o ever, someone might claim that such variation of discomfort glare 
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perception could e caused  re i a  errors of luminance correction. ere ore  e
validated the re ation i  et een discomfort glare ratings and luminance for each test 
light as com ination o  t e antit  o  -cones and M-cones stimulation.

2.2 Contribution of image forming pathways
 anot er o i i it  o  t e e iation  o  i com ort g are erce tion  t e  mig t e 

in ence   coto ic i ion or me o ic i ion  eca e a erie  o  e eriment  a  
performed in a darkroom in previous studies. We also te te  contri tions t e antit  
of rods stimulation ing coto ic mino  e icienc  nction  to the 
discomfort glare ratings.

2.3 Contribution of non-image forming pathways
t i  e  no n t at i  are re on i e or t e mec ani m  o  circa ian r t m  an  

t e i  re on e  im ra  Moreover, recent studies have also o n
me ano ion contri tes to light perception mechanisms ro n et a  . Therefore, 

e a o oc e  on t e contri tion o  i s as non-image orming at a  to the 
discomfort glare perception.

To calculate the antit  o  i s tim ation  an action ectr m com ining spectral 
sensitivity of S-cones and rods rainar  et a   a an et a   ea et a   

a  em o e  a  o in in ation .

( ) = ( ) + 0.67 ( )
ig re  o  a erie  o  ectra  i tri tions o  metameric ite ight that a  e  

in experiments, a composite action spectrum a  en iti it  o  i s and spectral 
sensitivity of rods as a solid line, a dotted line and a dashed line, respectively.

3. RESULTS
esults of the i com ort g are rating ere norma i e  to contro  t e in i i a  i erence 
eca e the discomfort glare rating ca e re er  to in i i a  gement All of the rating 
core a  con erte  to o o  norma  i tri tion (0, 1) in eac  ect

3.1 Calculation results for quantity of stimulation
ig re  o  the re ation i  among eac  antit  o  tim ation minance as -

cones -cones an  i s or rods ere in e en ent  o e er  the antit  o  i s
and rods ere ig  correrate  r

3.2 Relationship between each pathway and the results of discomfort glare rating
ig re  o s the relationshi  et een eac  at a  an  re t o  i com ort g are 

rating.

The luminance deviation for a series of test lights a  irre e ant to the results of the 
i com ort g are rating  a  o n in Fig re  a  n contra t  the antit  o  ro  
tim ation an  i tim ation are o iti e  corre ate  it  the discomfort glare 
erce tion rating  r   an  r   re ecti e  a  o n in Fig re  c

e re t  o e  t at a mec ani m o  t e i com ort g are erce tion may e ta ing 
into the spectral contexts of the light sources.
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(a) T1 (b) T2

(c) T3 (d) D1

(e) D2 (f) Broad
Figure 2. Spectral distributions of test lights.

(a) L+M vs. ipRGCs (b) L+M vs. Rods (c) ipRGCs vs. Rods
Figure 3. Quantity of stimulation
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(a) L+M vs. Glare (b) Rods vs. Glare

(c) ipRGCs vs. Glare
Figure 4. Comparison with glare evaluation and quantity of stimulation

4. CONCLUSION
n t i  t  e in e tigate  the re ation i  et een the results of the discomfort glare 

ratings and the antit  o  ce ar re on e  o  i a  or non-visual image forming 
at a  e ts suggest that the mechanism of the discomfort glare perception is 

in ence   ot  an image orming at a that involves a scotopic vision and a non-
image orming at a .

oing or ar  e i  consider conducting simultaneous measurements of discomfort 
g are rating  an  i  iameter  to e ore t e contri tion o  non-image forming 
at a s to the discomfort glare perception.
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Figure 4. Comparison with glare evaluation and quantity of stimulation
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ABSTRACT
n o er ing t e i a  cene  o r attention ten  to e ca t re   t e artic ar art o  t e 

cene ic  genera  a  an o t tan ing i a  eat re tr ct re   minance an  co or attern  
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e ca c ate  rain acti ation  ring t e o er ation o  i a  tim i in i a  corte e   
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chroma colors. 
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e ce t  re on e   it a  een ro e  t at rain acti itie  ca e   co or atc e  t em e e  
could not explain the result of the main experiment. It means that the result of the control experiment 
supported our hypothesis.

 

 

Low-chroma colors suppress luminance-driven brain 
activation measured by fMRI 

Ippei NEGISHI1 , Keizo SHINOMORI1  
1 School of Information, Kochi University of Technology 

ABSTRACT 
The interaction between color and luminance information has been suggested by 
psychophysical research in human visual perception. To reveal the mechanism of the 
interaction, we measured brain activation while observing visual stimuli consisted of 
luminance and color information and varied the intensity of color information.  

In the experiment, subject observed 10 color patches and achromatic background 
pattern. There were 4 conditions in saturation (value 0, 2, 4 and 6 in Munsell color system) 
of the patches in 4 levels. We measured brain activity while subject observed the stimuli. 
The brain activity was analysed in several visual fields. 

The results showed that brain activations were the highest in the condition of 
chroma 0, and those of chroma 6, 4, and 2 conditions were following. It seemed that the 
brain activation for achromatic background pattern was suppressed by color patches and 
that is confirmed by additional control experiment. The amount of the suppression was 
more large in low chroma level condition. 

1. INTRODUCTION 
The interaction between color and luminance information has been suggested in human 
visual perception. Some reports suggested that luminance information is suppressed by the 
presence of color information psychophysically (Switkes et al. 1988, Kingdom 2003, 
Kingdom et al. 2010), though the mechanism of the suppression is not fully revealed. 

To reveal the mechanism of the suppression, we measured activities of visual fields 
by fMRI, while seeing achromatic pattern and color patches. We manipulated saturation of 
the color patches as an index of color information intensity. It is also unclear in which level 
in visual cortex the suppression occurs. So we identified V1, V2, V3, V3A/B, hV4 and 
LO1 of each subject and analyzed the brain activity of those visual fields. 

2. METHOD 
13 subjects participated in the experiment (12 male and 1 female, mean age = 22.7 years 
old). All subject had normal color vision (tested by Ishihara Color Vision Test, SPP Color 
Vision Test and Panel D-15 Color Vision Test), and normal or corrected to normal visual 
acuity. 

2.1 Apparatus 
We used 3T MRI scanner (Verio, Siemense) for collecting fMRI images. Subject observed 
visual stimuli on the screen through the mirror (Figure 1). The viewing distance was 69 cm 
and the viewing angle was 31.5 degree × 25.2 degree, and the resolution of visual stimuli 
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was 1280 pixel × 1024 pixel. The projector was controlled by CRS ViSaGe and calibrated 
by CS-200 color meter. 

 

 
Figure 1: Experimental apparatus 

2.2 Visual Stimuli 
We presented 10 patches on the background pattern consisted of more than 700 achromatic 
oval patches (Figure 2). The patches were placed in the circle and the diameter of each 
circle was 3.0 degree. The patches were filled by 10 hues (5R, 5YR, 5Y, 5GY, 5G, 5BG, 
5B, 5PB, 5P and 5RP on Munsell color system), and the position of each hue was 
randomized for each trial. The chroma of patches was set at one of 4 levels (6, 4, 2 and 0 in 
Munsell chroma). The Munsell value of the patches was constant (Value = 5) in all 
conditions (Figure 3).  White fixation point was presented in the center of the stimuli. 

 
Figure 2: Overview of visual stimuli 

 

 
Figure 3: Hues of patches in each chroma level condition 
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2.2 Experimental Procedure 

Each subject conducted 18 blocks of experiment. 1 block contained 12 trials (3 trials for 
each chroma level condition and presentation order was randomized in each block). Each 
trial contained stimulation phase and rest phase. The stimulation phase lasted 15 second 
and the visual stimuli and its scrambled pattern were presented alternatively at 1Hz. During 
the stimulation phase, subject watched the fixation point at the center of visual stimuli. The 
rest phase also lasted 15 second. In the rest phase, nothing were projected on the screen 
except that simple white figure is presented in first 5 second. Subject perform easy 
cognition task in first 5 second and rested in last 10 second. Brain activity was measured 
every 2.5 second during the block. (Figure 4) 
 

 
 

Figure 4: Experimental time course 

3. RESULTS AND DISCUSSION 

V1 and other visual fields were identified by travelling wave method (Wandell et al. 2007). 
Figure 5A shows the time course of normalized BOLD responses in V1 for each chroma 
level condition. Anterior half of the time course corresponds to the stimulation phase and 
posterior half of the time course corresponds to the rest phase. The responses of chromatic 
(chroma 2, 4 and 6) conditions were smaller than achromatic (chroma 0) condition. One 
way ANOVA indicated that there is significance main effect of chroma level condition. 
Post-hoc comparisons indicate significant difference between chroma 0 and 2 conditions. 

To confirm that the results is not reflect brain activity driven by color information 
directly, we conducted control experiment in which the background pattern of visual 
stimuli was removed. Figure 5B shows the result of control experiment. There are no 
significant main effect of chroma level condition and differences in any combinations of 
the chroma level condition. These results suggest the presence of suppression on 
luminance information by color information in main experiment. In V2, V3, V3A/B, hV4 
and LO1, the time courses of BOLD responses were similar to those of V1. It seems that 
the suppression occurs in early visual cortex, and the effect spreads to higher visual cortex. 
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Figure 5: Normalized BOLD responses in V1 

4. CONCLUSIONS 

Brain activation by luminance information was suppressed when color information was 
attouched. The amount of suppression was larger when the color information was weak. 
The suppression was observed in V1, V2, V3, V3A/B, hV4 and LO1. 
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A new evaluation method using the 100-hue test 
 and age trends in color distinction ability 
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1 Graduate School of Design and Architecture, Nagoya City University 

ABSTRACT
It has often been noted that sight becomes yellowish with aging because of the lenses of 
the eyes taking on a yellow hue. As a result, the ability to distinguish color is diminished; 
however, the degree of decline in color distinction ability varies among individuals. 
Therefore, it is important to be able to determine how advanced the degree of decline is. 
However, there are no convenient methods for individuals to identify their status quickly. 

This study proposes a new way of achieving this objective using the 100-hue test, which 
requires calculating the error scores of four trays and estimating color distinction ability by 
the size of the error score values. However, it cannot explain the extent to which color 
difference can be distinguished. This new index digitizes color distinction ability using 
probability and statistics theory and can estimate distinction ability as the color difference. 

1. INTRODUCTION 
It has often been noted that sight becomes yellowish with aging because of lenses of the 
eyes taking on a yellow hue. As a result, the ability to distinguish color is diminished. This 
can cause missteps and visual recognition failures, leading to accidents, collisions, or falls; 
the degree of the decline in color distinction ability, however, varies among individuals. 

Yellow vison with aging was first regarded as a problem of vital function with the 
investigation by Boettner and Wolter (1962) on the optical transmittance of sample 
eyeballs. In Japan, Yoshida and Hashimoto (1990) aimed to clarify this problem. From 
measurements of the colors of the pictures taken with lenses or filters with the same 
wavelength transmittance characteristics as yellow vision, they estimated the sight of old 
people. However, their approach did not consider color adaptation as a physiological 
mechanism and the overestimation of effects of yellow vision. It is therefore desirable to 
estimate yellow vision as a psychophysical value by an experiment using old subjects. 

The 100-hue test is a standard evaluation method of color distinction ability of a subject 
and has been studied by various researchers. Verriest (1963) conducted experiments under 
conditions of standard light C of illuminance level 100 lx with 480 subjects aged 10–64 
years using the Farnsworth–Munsell 100-hue test and found that the error scores of senior 
subjects becomes high in the blue–green and red areas. In Japan, Yano et al. (1993) studied 
the influence of illuminance level and light color temperature on color distinction ability 
using the same 100-hue test as that used in this study. They made it clear that the 
distinction ability of senior subjects was inferior in every hue, especially the purple–red 
area, compared with young subjects and that the influence of light color temperature was 
small with a high illuminance level; however, the error scores of old subjects increased 
with a low illuminance of 100 lx, and the error scores of both young and old subjects 
increased with a low illuminance of 10 lx. 
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However, the error score is an ordinal scale comparing the relative magnitude 
relationship only. It does not provide enough information about the scale of difference of 
color caps distinguished by the subject. A new evaluation method is needed to measure 
this. In this paper, we propose a new evaluation method using the 100-hue test and report 
an example analysis using the new evaluation method. 

2. PROPOSAL OF THE NEW INDEX OF THE COLOR DISTINCTION ABILITY 
USING THE 100-HUE TEST 

2.1 100-hue test 
The 100-hue test (Farnsworth, 1943) was developed by Dean Farnsworth in the 1940s to 
evaluate the color distinction ability. Figure 1 is a 100-hue test (ND-100) devised by Japan 
Color Enterprise Co., Ltd. This 100-hue test consists of 100 color caps that have the same 
value and chrome. The 100 color caps were lined up at equal intervals along the length of 
the test equipment, displaying 100 color difference units (NBS units) on the CIE 1964 
(U*V*W*) color space. The 100 color caps were divided into four trays, each with 25 
caps. The other two next-color caps were fixed at either end of each tray. Subjects were 
asked to replace the 25 removable caps as the hue gradually changed. 

Figure 1: 100-hue test 

2.2 Error score 
The error score is the traditional evaluation index usually used in the 100-hue test. This 
score was calculated from the test order of the color caps lined by a subject by the 
procedure indicated in Table 1, and it indicated the degree of error. A high error score 
implied low color distinction ability. Table 2 shows a calculation example. However, the 
error score cannot provide information as to the degree of difference between color caps 
distinguished by the subject. 

Table 1 : Calculation procedure of the error score 
Step 1) Write the number of the color cap placed by a subject in space of "Test order" on table 2. 
Step 2) Calculate the difference between the next 2 numbers of "Test order," and write the difference in a 

blank space between " " and " " on the "Difference" line. 
Step 3) Add the next 2 numbers of "Difference," and write the calculation result in a blank space under " " 

of the "Add" line. 
Step 4) Subtract 2 from numerical values on the "Add" line and write the result on the "Error score" line. 
Step 5) Add 25 error scores and it will be the sub-total error score. In total, 4 sub-total error scores and "total 

error score" will be obtained.
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Table 2 : A calculation example of the error score 
Position       100 1   2   3   4   5   6   7   8   9  10  11  12  13  14
Test order       (0)  1   2   3   5   4   6   9   8   7  10  11  12  13  14    
Difference   1  1  1  1  2  1  2  3  1  1  3  1  1   
Add          2   2   3   3   3   5   4   2   4   4   2   2   2   2  
Error score     0   0   1   1   1   3   2   0   2   2   0   0   0   0 

2.3 Development of a new color distinction index 
It seemed appropriate to consider all color caps instead of the next color cap only for an 
accurate estimation of color distinction ability. Even when a subject has a confusion 
between color caps, the possibility exists that the subject has lined up the color caps in the 
right order by chance. Therefore, it is necessary to include a concept of the expectation 
value in a new evaluation index in order to take accidents into account. 

The concept and procedure of this new index was as follows. Before deriving the value 
"n(i)," the confusion amount "C(i)" was defined. The C(i) calculation procedure was as 
follows. The difference between any two color cap numbers was defined as the distance 
between the two. The author assumed that the color cap was placed in the wrong position 
when the color cap that should be placed on the left side of color cap No.i was placed on 
its right side, or vice versa, and the confusion amount C(i) was defined by the equation  

C(i) =   dij    equation (1) 

where "i" is the number of the target color cap, "dij" is the distance between color cap 
Nos.i and j, " " is a variable with a value of either "0" or "1" : when color cap No.j was 
placed in the wrong order in relation to color cap No.i, " " becomes "1", and when placed 
in the right order, " " becomes "0." Equation (1) provides the total distance between color 
cap No.i and all color caps placed in wrong orders. Table 3 is a calculation example where 
the confusion amount C(7) of No.7 become 7.  

Each color cap usually has two color caps of the same distance. As the color caps were 
divided into 4 trays, however, the color cap No.27, for example, has only one cap with a 
distance of more than 2 (the color cap with a distance of 2 is only No.29). Therefore, when 
the color cap was lined up by mistake in such a case, a weighting factor (=2) was adopted. 
Calculation example 2 is indicated in Table 3. 

Next, "n(i)" can be inferred from the confusion amount C(i). The "n(i)" value indicated 
the distance between the two confused color caps. Before n(i) was defined, the following 
two assumptions were made : 

Assumption 1 : When confusion does not occur, all color caps are lined up in the correct 
order. 

Assumption 2 : When confusion occurs, the color cap is lined up in the correct order 
with a probability of 1/2 and is lined up in the wrong order with a probability of 1/2. 

When taking into account these assumptions, in a case where confusion does not occur 
at all, the expected value of C(i) is "0." When confusion occurs with the color caps with a 
distance of 1, two color caps with a distance of 1 will be lined up in the wrong order with a 
probability of 1/2 each. Therefore, when confusing color cap No.i with a color cap with a 
distance of 1, the expected value of the confusion amount C(i) will be 1 [= 1(distance) × 
1/2 (probability) × 2 (caps)]. When confusion has occurred with a color cap with a distance 
of 2, two color caps with a distance of 1 and two color caps with a distance of 2 will be 
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Table 2 : A calculation example of the error score 
Position       100 1   2   3   4   5   6   7   8   9  10  11  12  13  14
Test order       (0)  1   2   3   5   4   6   9   8   7  10  11  12  13  14    
Difference   1  1  1  1  2  1  2  3  1  1  3  1  1   
Add          2   2   3   3   3   5   4   2   4   4   2   2   2   2  
Error score     0   0   1   1   1   3   2   0   2   2   0   0   0   0 
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Each color cap usually has two color caps of the same distance. As the color caps were 
divided into 4 trays, however, the color cap No.27, for example, has only one cap with a 
distance of more than 2 (the color cap with a distance of 2 is only No.29). Therefore, when 
the color cap was lined up by mistake in such a case, a weighting factor (=2) was adopted. 
Calculation example 2 is indicated in Table 3. 

Next, "n(i)" can be inferred from the confusion amount C(i). The "n(i)" value indicated 
the distance between the two confused color caps. Before n(i) was defined, the following 
two assumptions were made : 

Assumption 1 : When confusion does not occur, all color caps are lined up in the correct 
order. 

Assumption 2 : When confusion occurs, the color cap is lined up in the correct order 
with a probability of 1/2 and is lined up in the wrong order with a probability of 1/2. 

When taking into account these assumptions, in a case where confusion does not occur 
at all, the expected value of C(i) is "0." When confusion occurs with the color caps with a 
distance of 1, two color caps with a distance of 1 will be lined up in the wrong order with a 
probability of 1/2 each. Therefore, when confusing color cap No.i with a color cap with a 
distance of 1, the expected value of the confusion amount C(i) will be 1 [= 1(distance) × 
1/2 (probability) × 2 (caps)]. When confusion has occurred with a color cap with a distance 
of 2, two color caps with a distance of 1 and two color caps with a distance of 2 will be 

 

lined up in the wrong order with a probability of 1/2 each. Therefore, C(i) will be 3 [= 1 
(distance) × 1/2 (probability) × 2 (caps) + 2 (distance) × 1/2 (probability) × 2 (caps)]. 

Equally, when confusion occurs with color caps with a distance of N, the expected 
value of the confusion amount C(i) will be expressed as 

C(i) =  (i × 1/2 × 2) = N (N + 1)/2 equation (2) 

Equation (2) can be solved from N. It is possible to define the n(i) value using the 
confusion amount C(i) derived from an experimental result [see equation (3)]. 

N = n(i) = [ 1 +  (1 + 8 × C)]/2  equation (3) 

Table 3 : Calculation examples of n(i) 
Calculation example 1: The confusion amount C(i) and n(i) value of color cap No.7 
Order     100 1 2 3 4 5 6  7 8 9 10 11 12 13 14   
Test order    (0)  1 2 3 5 4 10 9 8 7  6 11 12 13 14   
When looking at color cap No.7, 
the color caps placed on the right side by mistake are …               No.6 
the color caps placed on the left side by mistake are …                 No.8, No.9, No.10 
Therefore, C(7)=  (  × d7j)= 1 + 1 + 2 + 3 = 7. 
And n(7) = { 1 +  [1 + 8C (7)]} /2= [ 1 +  (1 + 8 × 7)]/2 = 3.275. 
In conclusion, it is presumed that the subject confused the color cap No.7 with the color cap of distance 

3.275. 
Calculation example 2 (weighting): The confusion amount C(i) and n(i) of color cap No.27 
Order          25 26 27 28 29 30 31 32 33 34 35 36 37   
Test order   25 26 30 28 27 29 31 32 33 34 35 36 37   
When looking at color cap No.27, 
the color caps placed on the right side by mistake are …           none 
the color caps placed on the left side by mistake are …             No.28, No.30 
The color cap No.25 is fixed. The color cap of distance 3 from No.27 is only No.30. 
Therefore, the weighting factor (=2) is adopted on No.30. 
There, C(27) =   (  × d27j) = 1 + 3 × 2 = 7. 
And, n(27)= { 1+  [1 + 8 × C(27)]}/2 = [ 1+  (1 + 8 × 7)]/2 = 3.275 
In conclusion, it is presumed that the subject confused the color cap No.27 with the color cap of 

distance 3.275.

3. ANALYSIS OF AGE TRENDS IN COLOR DISTINCTION ABILITY USING 
THE NEW INDEX 

3.1 The experimental outline 
An experiment was conducted in the room with only artificial lighting from three 
wavelength fluorescent lamps. The average illuminance on a desk surface was 411 lx. 

There were 34 subjects (nine people in their 50s, seven in their 60s, and seven in their 
70s as the old groups, and 11 in their 20s as the young group). The subjects were checked 
using the Ishihara color blindness test plate, and the color vision of all subjects was 
normal. The subjects familiarized themselves with the 100-hue test before the experiment. 

3.2 Relationship between age and color distinction ability 
The average n(i) value for each subject for each tray was calculated. The results are 

indicated in Figure 2. As an overall tendency, old subjects had high n(i) values. In 
particular, the n(i) values of subjects in their 60s and 70s were high in the second tray 
consisting of the color caps in the green–blue area and in the fourth tray consisting of the 
purple–red area. And the individual variation was seemed to be large. Some subjects in 
their 50s, 60s, and 70s had the same n(i) values as the subjects in their 20s.  
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Figure 2: Average n(i) of each subject for each tray 
Next, the average n(i) for each color cap for each age group was calculated. The 

calculation result is indicated in Figure 3. From No.10 to No.35 and from No.70 to No.80, 
the n(i) value was low for every age group, and the differences between the n(i) values 
among age groups were small. On the other hand, the differences between the n(i) values 
among age groups were large from No.35 to No.60 and from No.85 to No.5. The older 
group tends to have higher n(i) values. 
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Figure 3: Average n(i) of each color cap for each age group 
One hundred color caps were divided into 10 hues of the Munsell color system to make 

the result indicated in Figure 3 easier to understand. Figure 4 shows the n(i) value of each 
hue for each age group. As seen in Figure 4, the subjects in their 20s can distinguish all 
color caps almost perfectly. The older subject group had higher n(i) values on almost all of 
the hues than the young group. Particularly, the distinction ability falls suddenly for those 
in their 60s and 70s. This tendency was conspicuous in the hues of G, BG, B, and RP. On 
the other hand, the decline in the distinction ability in the hues of YR, Y, GY, and PB was 
inconspicuous. Although no subjects in their 30s and 40s participated in this experiment, it 
can be surmised that color distinction ability does not fall gradually with age but rather that 
the decline in color distinction ability appears as a sudden change after the 50s. 
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color caps almost perfectly. The older subject group had higher n(i) values on almost all of 
the hues than the young group. Particularly, the distinction ability falls suddenly for those 
in their 60s and 70s. This tendency was conspicuous in the hues of G, BG, B, and RP. On 
the other hand, the decline in the distinction ability in the hues of YR, Y, GY, and PB was 
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4. CONCLUSIONS 
Yellowing vison with aging is widely known, but there were no ways to assess color 

distinction ability correctly and easily. The error score of the 100-hue test is used as one 

measure of judgment, but it cannot explain the extent to which color difference can be 

distinguished. The new index proposed in this paper is different from the error score in two 

ways. First, a relationship between the target color cap and all other color caps is taken 

into consideration in the new index. Second, the new index is based on a concept of 

probability and statistics. This new index, the n(i) value, displays distinction ability as the 

difference between the color caps, but if the color difference between the color caps is 

known, the distinction ability can be estimated as the color difference. 

The results of the test of 34 subjects in their 20s–70s was analyzed using this new 

evaluation index. The results indicated that color distinction ability in the G–BG–B area 

and the RP–P area falls conspicuously in subjects in their 50s and over. Individual 

variation was found to be large, with some subjects in their 50s to 70s having the same 

distinction ability as those in their 20s. 
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ABSTRACT
om tationa  mo e  o  man i a  attention re ict atten e  ocation  in a i a  cene -

ing ottom  image a e  a ienc  i a  eat re  c  a  orientation  co or an  inten it  tti et a  
 e e eat re  are a me  to contri te e a  to con tr ct a ing e a ienc  or con ic it  

ma   re io  t  a ie  a mac ine earning tec ni e in or er to ee  o tima  eig t  o  t e 
eat re  an  o e  t at t e eat re ma  or orientation cce  ca t re  man o ert attention 
ga e ocation  com are  it  t e ot er o e e  eat re  ao an  oc   t o g  t e re t 

gge t  t e ominance o  orientation or t e e o ment o  attention a e  on o e e  eat re  it 
a  not een c arifie  et er re ati e e ficienc  among o e e  eat re  i  a a  con tant on in i-
i a  image  ir t  e com te  orientation a e  an  co or a e  a ienc  ma  o  aro n   nat -

ra  image  it  eac  ga e ma  ta en rom  ata et  et a   an  e a ate  re iction ac-
c rac   mean  o  t e area n er t e c r e  r re t  o e  t at orientation a e  a ienc  
o t er orm  co or a e  a ienc  on a erage  core  are  or orientation   or 
co or  mean S  ic  i  con i tent it  t e re t o  t e re io  t  e image  ere or ere  

a e  on t e i erence o   core  et een co or an  orientation o t at e c a i  t e image  
into t o categorie  co or ominant an  orientation ominant image  or aro n   o  t e image  
co or in ormation a  more e ecti e t an orientation in ormation to re ict ga e ocation  e 
to  i  o  t e co or ominant image  ten e  to contain one or t o arge o ect  o  ic  co or an  

minance are i erent rom a ac gro n  e to  i  o  orientation ominant image  ten e  to a e 
monoc romatic o ect  a  a ient image eat re  e a o in e tigate  an  common c aracteri tic  
o  t e image  t at ea  t e etter er ormance o  co or a e  a ienc  ing o r tati tic  mean  
ariance  e ne  an  rto i  o  a  image  in  L*a*b  co or ace  e re t o e  t at t e 
etter er ormance o  co or a e  a ienc  a  o taine  it  arger  ariance  e fin ing gge t  

that image statistics may provide important information of saliency of color and orientation feature 
maps.
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ABSTRACT 
om tationa  mo e  o  man isual attention predict candidate locations in a visual 

scene to ic  human may pay attention  ing ottom-up visual features such as 
orientation, color, and luminance tti et a   e e eat re  are a med to 
contri te e a  to constitute a single saliency or conspicuity map. A previous study 
a ie  a mac ine earning tec ni e to ee  the o tima  eig t  for the features, and 

o e  t at t e eig t for orientation is larger than those for other features ao an  
oc   t o g  t e re t gge t  t e ominance o  orientation or t e e o ment 

o  attention a e  on o - e e  eat re  it a  not een c ari ie  et er re ati e e icienc  
among o - e e  eat re  i  a a  con tant in individual image  ir t  e com te  
orientation- a e  an  co or- a e  a ienc  ma s o  aro n   nat ra  images, and 
e a ate  re iction acc rac   mean  o  t e area n er t e c r e  The results 

o e  t at orientation- a e  a ienc  o t er orm  co or- a ed saliency, on average, 
ic  i  con i tent it  t e re t o  t e re io  t  e image  ere sorted a e  on 

t e i erence o   core  et een co or an  orientation o t at e c a i  t e image  
into t o categorie  co or-dominant and orientation- ominant image  or aro n   o  
t e image  co or in ormation a  more e ecti e t an orientation in ormation to re ict 
gaze location  e a o o taine  image tati tic  of the images in  L*a*b* color space 
to c aracteri e at ro ertie  o  t e images yeilded t e etter er ormance in color- a e  
saliency. We found that e ne  an  rto i  o  a* ere significantly larger in color-
dominant images than those in orientation-dominant images. These results suggest that  the 
simple image statistics could determine o -level visual features that attract attention in 
humans. 

1. INTRODUCTION 
rain selects and processes important or meaningful information and ignores others. Such a 

selection mechanism is called visual attention  ic  a o  us to process parts of external 
or  relevant to ourselves among enormous information. o e er  n amenta  

mechanism of visual attention is less understood. Several psychophysical studies argued 
relationships et een atten e  ocations and gaze positions e.g., overt attention; Posner 

 and therefore, most computational studies tried to predict human gaze locations. 
One of the most successful concepts to predict gaze shifts is the saliency map ic  
visualizes attractiveness of each spatial position in a given image oc  an  man  ; 
tti et a   In this saliency map approach, it is assumed that the i erent o -level 

features attract human attention independently. o -level visual features such as 
orientation, color, and intensity minance  are extracted topographically, and they are 
com ine  into a a ienc  conspicuity  map.  
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tti et a   In this saliency map approach, it is assumed that the i erent o -level 
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Most of the models hypothesize that individual features contri te e a ly to constitute 
a saliency map e.g., tti et a  . A previous study has made an attempt to seek the 
o tima  eig t  for the o -level visual features to predict gaze positions among natural 
images, and o e  t at the contri tion o  orientation ten e  to e larger than ot er o -
e e  eat re  ao an  oc   t o g  t e result suggests that orientation 

information is useful to predict gaze shifts  it a  not een investigated et er re ati e 
e icienc  among o -level features should a a  e constant for individual images. 

ir t  e investigated performance of orientation and color information to predict gaze 
shifts in individual natural image  e o taine  saliency maps from single features, and 
found the dominance of orientation- a e  a ienc  ma  in the prediction of gaze locations 
compared to that of color- a e  aliency map on average, reproducing the finding of the 
previous study ao an  oc   We compared prediction accuracy of gaze shifts 

et een orientation- a e  an  co or- a e  a ienc  ma s of individual images, and found 
that color- a e  a ienc  predicted gaze shifts more accurately for approximately  o  
natural images. This result suggests that efficient visual features for predicting gaze shifts 
co  e different among images. 

We examined characteristics of the images that yielded the dominance of color 
information. It is reported that rain takes advantages from the statistical structures of 
nat ra  image   mean  o  e icient roce ing o er an  rinen   a en 
an  ie   o t at image tatistics are candidates for explaining t e etter 
performance of color- a e  a ienc . In t e re ent t  e ti i e  o r tati tic  mean  
ariance  e ne  an  rto i  o  the images in  L*a*b* color space. We found that 
e ne  an  rto i  o  a* are significantly larger en color capture gaze shifts, 

suggesting that simple image statistics co  e t e e cri tor o  o -level features ic  
capture human’s attention. 

2. METHOD 

2.1 The model 
Implementations of sa ienc  ma  a e een i e  e e ere e.g., tti et a   
Hiratani et a    et a   ao an  oc   The essence of computation 
i  gi en e o  o -level visual features orientation, color, and intensity  t at are 
represented in early visual cortices are extracted topographically from an input image, 
yielding feature maps.  

The attractiveness of a visual feature is not determine   it e  rat er e en s on 
context. For instance, one feat re e g  a re  ar  rro n e   similar eat re  e g  
magenta ar  i  e  attracti e compared to the case t at t e eat re rro n e   
i imi ar eat re  e g  green ar . In the model, this mechanism i  rea i e   a map-

normalization o erator ic  reduces attractiveness of a feature that has multiple peaks of 
values tti et a   

ange of values in each feature maps is different so that the maps are normalized.  
Feature maps are summed linearly to o tain ina  o t t a ienc  ma  that represents 
attractiveness of each spatial position. n t e re ent t  e o taine  a ienc  ma  rom 
single features orientation or co or  in order to in e tigate re icta i it  o  eac  i a  
features. 
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2.2 Natural images and eye-tracking data 
Natural images and eye-tra ing ata en ertici ant  oo e  t e image  ere ta en rom 
MIT dataset http://peo e c ai mit e t erePeo e oo in e tm  We choosed 
nat ra  image  o e i e i   i e  n  . The choosen natural images 
included ario  o ect  e g  anima  oo  i ing , and vehicles  an  ario  cene  
e g  o t oor/indoor an  r an non r an cene .  ect  ertici ate  in experiments 

for eye-tracking. More details of the experiment are e cri e  in other i e  artic e 
 et a   

2.3 Evaluation of the model 
Prediction accuracy of a saliency map is e a ate   eceiver Operating haracteristics 

 in terms of rea n er t e  r e .  is popularly used to evaluate 
the performance of a a ienc  ma   et a   ao an  oc   taine  
a ienc  ma  a  inari e  at p  threshold o  t e ma  en  e o taine  t e rate o  

human i ation  it in the map. A hit rate curve is plotted as the function of threshold  
changing threshold p. The area under the hit rate curve indicates the prediction accuracy of 
the model. 

3. RESULTS AND DISCUSSION 
The purpose of this study is to in e tigate et er e icienc  o  in i i a  eat re  to 
predict gaze locations is kept constant on individual images, and to identify chracteristics 
of natural images that lead t e etter er ormance o  co or information. e o taine  
saliency map from either orientation or color, and o e  t at orientation- a e  a ienc  
outperforms color- a e  a ienc  on a erage  core  are  or orientation  

 or co or  mean  S . This i  con i tent ith the result of the previous study 
ao an  oc  . We analysed performance of each feature  taking the difference 

o   core  et een co or- a e  and orientation- a e  a ienc  ma  of individual 
images. at ra  image  ere c a i ie  a  co or-dominant and orientation-dominant 
images. The n m er o  co or-dominant images as  out of . ig re  o  t e 
examples of color-dominant and orientation- a e  ominant image. The color-dominant 
image  ten e  to contain one or t o arge o ect  o  ic  color and luminance are 
i erent rom a ac gro n , and the orientation-dominant images tended to have 

monoc romatic o ect  a  a ient image eat re  

We examined the characteristics of images that ea  t e etter er ormance o  co or-
a e  a ienc  ma  t a  een re orte  t at rain ta e  a antage  rom tati tica  
tr ct re  o  nat ra  image  o er an  rinen   a en an  ie   o 

t at e o taine  o r image tati tic  mean  ariance  e ne , an  rto i  o  the 
image  in  L*a*b* color space. ig re  o  e ne  an  rto i  o  t e to   
color- ominant an  t e to   orientation-dominant images. There are significant 
difference of e ne  and kurtosis of a* et een color-dominant and orientation-

ominant image  e ness of a  i  ±  or co or ominant image  an  ±  
for orientation dominant images, t-te t     rto i  o  a  i  ±  or co or 
ominant image  an  ±  for orientation dominant images, t-te t    ; mean ± 

S . The finding agree  it  t e conce t o  a iency. For instance, one co ore  o ect 
ecome  ig  a ient en rro n e   achromatic o ect  in t i  ca e  e ne  an  
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kurtosis of a* or b* are e ecte  to ecome larger  n contra t  man ee  ot er c e  
such as orientation if color does not provide useful information e g  a uniform colored 
image ie  o  e ne . The result demonstrated that the image statistics determine 
o - e e  i a  eat re  ic  ca t re man attention. 

 

 

 
 

Figure 1: Example outputs of the model. The image which is accurately predicted by color-
based (top row) and orientation-based saliency maps (bottom row). Input images (left 

column). Color-based saliency map (center column) and orientation-based saliency map 
(right column). Intensity of the maps represents estimated attractiveness at each spatial 
position. Gaze shifts in one subject are superimposed to the saliency maps. Red symbols 

represent fixation points.  

 

 

 

 
 

Figure 2: Skewness (left) and Kurtosis (right) of natural images in CIE L*a*b* 
coordinates. Gray and white bars indicate averaged statistics of 15 color-dominant and 

orientation-dominant images, respectively. Error bars indicate standard deviations. 
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4. CONCLUSIONS 
This article demonstrated that effectiveness o  t e o -level visual features that capture 
attention is different among natural images. t o g  t e n m er o  ana e  image  i  
limited, color-dominant images had arger e ne  an  rto i  in a* than those of 
orientation-dominant images. The result provides the idea that the simple image statistics 
could determine o -level visual features that attract attention in humans. 
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ABSTRACT 

Color perception deteriorates with increasing eccentricity in the visual field. Here, we 
investigated peripheral color perception using a painting method, asking how prior 
knowledge affects color appearance. A professional artist was presented with complex, 
cluttered images in the visual periphery. The task was to paint as accurately as possible 
how each image appeared. Eye tracking assured that the image was only viewed in the 
periphery. The resulting paintings were strongly compromised. After finishing a painting, 
the target image was freely viewed to acquire knowledge about it. Next, the same image 
was presented at the same peripheral location and painted again. There were two conditions 
for the second painting. In the first condition, the image was again masked when not 
fixating the fixation dot (as during the first presentation). In the second condition, the 
image was not masked, allowing saccades to the image. In both conditions, the paintings 
resulting from the first presentation showed clear differences compared to the second 
presentation. Salient color regions in the images that were not painted during the first 
presentation, were painted during the second presentation. Color changes were less 
pronounced in the first than in the second condition. Importantly, several image features 
were remembered but not painted during the second presentation, showing - in addition to 
subjective reports – the perceptual nature of the effect. Our results indicate that prior 
knowledge of peripheral targets strongly shapes perception. 

1. INTRODUCTION 
Color sensitivity deteriorates with increasing eccentricity (Moreland, 1972). The extent of 
this deterioration is still unclear. For example, it has been proposed that color vision is 
absent at eccentricities larger than 40 degrees of visual angle (Moreland & Cruz, 1959). 
However, it has also been shown that, depending on the stimulus properties, color can still 
be discerned at larger eccentricities, even up to 90 degrees (Noorlander, Koenderink, den 
Ouden, & Edens, 1983). Peripheral vision is not only characterized by diminished color 
sensitivity. One of the major limiting factors of peripheral vision is crowding - the 
deleterious influence of neighboring items on the perceptibility of a target (e.g., Levi, 
2008). For example, an isolated letter that is easily recognized in the periphery is 
indiscernible when other letters are presented in close proximity. Crowding depends on 
several factors, e.g., eccentricity (Bouma, 1970), target-flanker similarity (Kooi et al., 
1994), grouping (Sayim, Westheimer, & Herzog, 2010), and prior knowledge (Zhang et al., 
2009). The influence of crowding on color perception is rarely investigated. However, it 
has recently been shown that the perception of hue and saturation deteriorates when the 
target is crowded (van den Berg, Roerdink, & Cornelissen, 2007). Using visual noise 
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(Greenwood, Bex, & Dakin, 2010), and letters and letter-like symbols (Sayim & 
Wagemans, 2013), it has been shown that crowding does not only impede performance but 
also changes appearance. 
 
Here, we used a painting method to investigate appearance changes in complex, cluttered 
images, asking first, how color appearance is influenced by crowding, and second, whether 
knowledge about target images modulates appearance. This explorative painting method in 
conjunction with complex images allowed us to explore these questions simultaneously, 
using the entire image as a target. We found strong modulation of color appearance, and a 
clear influence of knowledge on target perception.  

2. METHOD 
We investigated peripheral color appearance with a painting method. A professional artist 
(the last author of this manuscript, TvU) was presented with complex, cluttered images in 
the right visual field. The task was to capture as accurate as possible how the image 
appeared.  

2.1 Apparatus  
Stimuli were presented on a Sony Trinitron GDM-F520 CRT monitor driven by a standard 
accelerated graphics card. The screen resolution was set to 1152 by 864 pixels; the refresh 
rate was 120 Hz. A chin and head rest was used to restrict head movements. The screen 
was viewed from a distance of 58 cm. Eye positions were monitored by an SR Research 
EyeLink 1000 running at a sampling rate of 1000 Hz. An elevated, inclined drawing board 
was placed in front of the head and chin rest to allow for painting without leaving the head 
rest. Colored crayons were used to paint. MATLAB (Mathworks, Natick Massachusetts, 
USA) in combination with the Psychophysics toolbox (Brainard, 1997) was used for 
stimulus presentation.  

 

2.2 Stimuli 
Stimuli consisted of two complex, cluttered images (Figure 1). Images were 15.0 degrees 
wide, 10.2 degrees high, and were presented on the horizontal midline of the screen, 
centered at 12 degrees eccentricity in the right visual field. The first image consisted of 
various shapes, such as ellipses, rectangles, and lines (the “Miro”-Image, Figure 1A, left). 
The second image consisted of an arrangement of rectangles with different sizes and colors 
(the “Mondrian”-Image, Figure 1B, left). Both images varied strongly in color and 
luminance. Images were presented on a gray background (50.5 cd/m2). A fixation dot was 
presented at the center of the screen. To prevent central viewing of the stimulus, the target 
images were masked by a pattern mask of the same size as the target whenever the 
participant did not fixate the center of the screen (except during the second “Mondrian” 
painting; see Procedure). 

2.3 Procedure 
Each target image was painted twice. The participating artist (TvU) fixated on the fixation 
dot in the center of the screen. For the first painting of each image, the target image was 
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only presented when fixating the fixation dot, otherwise it was masked. The task was to 
reproduce the appearance of the stimulus in as much detail as possible. After completion of 
the painting, the image was shown foveally for visual inspection. Next, the target image 
was again presented in the periphery and painted once more. In the “Miro”-condition, the 
target image was again only shown when fixating the fixation dot, and masked otherwise. 
In the “Mondrian”-condition, the target image was not masked. There was no time 
restriction for (peripheral) viewing of the target image, and finishing a painting, allowing 
the participant to focus attention on all areas of the presented target. The painting of one 
image took about 40 minutes.  

 

 
Figure 1: Original images and painting results. Target images (left column) were 

presented at 12 degrees in the right visual field. (A) In the “Miro”-condition, the target 
image was masked during the first (“Miro”-Painting 1) and second (“Miro”-Painting 2) 
presentation when the fixation dot was not fixated. B) In the “Mondrian”-condition, the 

target image was masked during the first presentation when the fixation dot was not 
fixated (“Mondrian”-Painting 1); during the second presentation, it was not masked 

(“Mondrian”-Painting 2). 

3. RESULTS AND DISCUSSION 
The results show a strong decrease in accuracy with increasing eccentricity (Figure 1). 
Sections of the target images closer to the fovea were reproduced more accurately, i.e., 
more similar to the target image, than sections farther in the periphery (note that due to the 
imprecision of the painting method, only large, categorical differences are of interest here). 
In the first painting of the “Miro”-Image (Figure 1A, center, “Miro”-Painting 1), several 
shapes and parts of shapes are depicted distorted or left out entirely. For example, instead 
of an orange rectangle and two orange discs (right outer edge of the painting), a single 
square structure was painted. However, clear differences between the target image and the 
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painting occurred also closer to the fovea. Instead of depicting three circular/ oval items in 
the upper left quadrant, only two items were painted. Similarly, close to the left edge 
(below the horizontal midline) an empty/ gray gap was introduced between the two painted 
orange discs. Noticeable deviations of color appearance occurred in sections far in the 
periphery. In particular, uniformly colored items were depicted to contain additional hues 
(the green pattern in the upper right quadrant was depicted in green and yellow), or varied 
in regard to saturation (the bluish structure in the lower right quadrant). After free visual 
inspection, i.e., acquisition of detailed knowledge of the target image, the image was again 
presented in the visual periphery when fixating the center of the screen, and painted a 
second time (Figure 1A, right, “Miro”-Painting 2). The second painting was clearly 
different compared to the first painting. In particular, the previously missing circular/oval 
items were depicted in the second painting. Reports by TvU pointed at strong changes of 
perception compared to the first painting, e.g., “I now see clearly that there are three yellow 
discs”. Subjective reports also indicated a general reduction of vagueness of color 
appearance (“the green is clearer now”).  
 
The first painting of the “Mondrian”-Image shows similar effects as the first “Miro”-
Painting. Several (missing or added) white gaps, and missing regions with different hues 
show that peripheral color perception was compromised, again increasing with eccentricity. 
The two red rectangles and the yellow rectangle in the upper right quadrant, as well as the 
blue and yellow rectangles in the lower right quadrant are entirely missing. Subjective 
reports indicated that the large yellow rectangle sometimes appeared in parts orange – 
similar color mixtures and perceptual switching between different color categories at the 
same location were reported with other paintings (results not shown here). The second 
painting of the “Mondrian”-Image showed clear differences compared to the first. A large 
difference occurred in the upper right quadrant where a red square/rectangle present in the 
image was painted instead of a white region depicted in the first painting. Also, the number 
of deviating white gaps was reduced in the second painting.  
 
Our results reveal a strong loss of accurate perception of detail which increased with 
eccentricity, reflecting the combined effect of crowding and reduced sensitivity in the 
peripheral visual field. In particular, the loss of large regions with strong color contrast are 
noticeable, raising questions regarding their visibility, for example, in standard detection 
experiments (note that crowding usually does not influence detection). Differences between 
the first and second paintings indicate appearance changes by knowledge, both when 
knowledge was only acquired between trials (“Miro”-condition), as well as between trials 
and during the second trial (“Mondrian”-condition). The large difference between the first 
and second trial in the “Mondrian”-condition (the red rectangle in the upper right 
quadrant), suggests that intermittent acquisition of knowledge strongly changed 
appearance. Importantly, several details of the images were remembered during the second 
paintings but not perceived and therefore not painted, indicating that perceptual changes, 
and not abstract memory, underlie these results. For example, the blue and the two yellow 
rectangles in the right half of the “Mondrian”-Image were remembered but not depicted 
(Figure 1B, right). The still clearly visible decrease of accuracy with eccentricity supports 
this interpretation, as do subjective reports regarding the perceptual nature of the 
appearance changes. Note that to paint the image, all regions of the image were (covertly) 
attended several times allowing maximum reduction of uncertainty about appearance. 
Similar, even though less pronounced, differences between the first and second painting in 
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paintings but not perceived and therefore not painted, indicating that perceptual changes, 
and not abstract memory, underlie these results. For example, the blue and the two yellow 
rectangles in the right half of the “Mondrian”-Image were remembered but not depicted 
(Figure 1B, right). The still clearly visible decrease of accuracy with eccentricity supports 
this interpretation, as do subjective reports regarding the perceptual nature of the 
appearance changes. Note that to paint the image, all regions of the image were (covertly) 
attended several times allowing maximum reduction of uncertainty about appearance. 
Similar, even though less pronounced, differences between the first and second painting in 

 

 

the “Miro”-condition show that the effect is not due to the continuous presentation of the 
image in the Mondrian-condition. 

4. CONCLUSIONS 
Our results show that peripheral vision can be strongly modulated by knowledge. In 
particular, images that were unknown to the participant and only viewed peripherally (first 
painting) resulted in different perceptions when additional knowledge was acquired about 
the images (second painting). The large color effects in the unknown images cannot be 
explained by diminished color perception in the periphery as images were sufficiently close 
to the fovea where color vision is good. Abstract memory does not explain the appearance 
differences between the first and second paintings because several details were 
remembered but not perceived. Rather, we suggest that our results are due to vague 
percepts caused by crowding which are strongly susceptible to prior knowledge (see also, 
Sayim & Wagemans, 2013). Future experiments will show in how far the presentation of 
highly complex images modulates effects of crowding. We propose that the painting 
method is useful to explore the perception of complex stimuli, in particular to capture 
perceptually vague phenomena, as painting is more precise and efficient than, e.g., verbal 
descriptions when stimuli are complex. Finally, we suggest that artists who depict 
peripherally viewed scenes (e.g., Pepperell, 2012) for scientific or artistic purposes may 
benefit from the use of unknown images and gaze contingent presentation.  
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ABSTRACT 

 This paper is about a trial to decide valid color names from 122 foreign custom color 
names in JIS Z 8102 (Japan Industrial Standard). In Japan, “Systematic” and “Custom 
color name” are often used. Especially, custom color name have a lot of origin – ex. plant, 
material ,region name etc. But it was not revealed whether each custom color name is valid 
or not. To decide valid color names, 56 subjects had Color Matching Task and color cluster 
was constructed from the result of color choice task in each name. Based on the cluster and 
Berlin & Kay’s 11 basic colors, 26 colors were decided as validness. 

 

 

1. INTRODUCTION 

 Generally, color names tend to be used for daily communication in color. Especially in 
Japan, “Systematic” and “Custom color name” are used based on JIS Z 8102 (Japan 
Industrial Standard). Custom color names have origin in plant, material, food and so on. 
But it was not revealed whether each custom color name is used accurately or not.  

 To clarify this question, 3 indices “Color distance between a given standard color of JIS Z 
8102 and subject’s choice for it in CIE L*a*b*”, ”Familiarity of color name” and 
“Imaginableness of color name” were acquired from color choice experiment and 
questionnaires to subjects (2009, Yoshizawa et al). These indices lead new 2 parameters 
“Degree of recognition” and ”Distance in color space” in each color name for decision of 
how much recognition in each custom color name.  

 In another aspect, distinguishes between in custom color names included basic color – ex. 
Chinese red, Chartreuse Green, cobalt blue and so on - were clarified, and valid color 
names were decided in each group with included basic color based on Berlin & Kay’s 11 
color words (2009, Yoshizawa et al).  

 Against this aspect, the aim of this research is to reveal validness of Custom Color Name 
in 122 foreign custom color name of JIS Z 8102（except of color names “Gold” 
and ”Silver” ）.  

 First, cluster analysis makes some color name clusters from data of color choice 
experiment in each 122 name. Finally, representational color is decided based on Berlin & 
Kay’s 11 basic color names and color difference between a given standard color of JIS Z 
8102 and subject’s choice for it in CIE L*a*b*” in each cluster and validness of each 
custom color can appear.  
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2. METHOD 

2.1 Color Matching Task 
  Each subject was given the task of matching color names with the respective colors. 
Figure 2 shows a related tool. Subjects read a custom color name written on a card and 
chose a color from 468 color chips. In case they could not match a color with its name, 
they had to choose a color chip. Custom Color Chart and PCCS 201-L   (both are Color 
Chart: Japan Color Enterprise Co. Ltd.)  were used as color chips. 468 colors were attached 
on the board. White fluorescent lights (FLR 40-S-W/M-x36, by Panasonic, Japan) were 
used as the source of light and were adjusted at 500lx on the color chips.  
 
 
2.2 Subjects 
  56 Japanese college students participated in this test (30 men and 26 women in the age 
range of 19–28 years). Of all the subjects, 72.2% belonged to the design section; however, 
they had little opportunity to study color names in detail. 
 
 

 
Figure 1: Image of color matching task. 

 

 

3. RESULT & DISCUSSION 

3.1 Cluster Analysis 

	 In each color chart, parameters L*,a* and b* of CIE L*a*b* acqired with i1 (color 
measurement instrument by x-rite Co. Ltd.). Average of L*, a* and b* in each color were 
used for constructing cluster with Ward method（Figure 2 & 3 Average value of Color 
distance [ E] between a given standard color of JIS Z 8102 and subject’s choice for it in 
CIE L*a*b*” in each color name are shown in Figure 2 & 3） 

3.2 Cluster Analysis 

To decide valid color names from the cluster, three regulation were considered : a) To 
follow Berlin & Kay’s 11 basic color (pink marker in Fig 2 & 3),   b) To follow color name 
qualified E: Color distance based on ASTM Method E93-53 (as possble as), and  c) To 
decide the lowest color name as a represental color in each cluster except a) & b). 

Based on these regulation, 26 valid color were decided (Cluster Decision Line [red line] 
in Figure 2 & 3) 
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Figure 2: Color Name Cluster from color matching task (#1) 
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Figure 3: Color Name Cluster from color matching task (#2) 
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Figure 3: Color Name Cluster from color matching task (#2) 

 

 

 

4. CONCLUSIONS 

  In this paper, to decide vail custom color name in the JIS, the cluster was formed by 
indices - L*, a*and b* from color choice task in each 122 foreign custom color name. 

  Berlin & Kay’s 11 color names and E: Color distance were applied for the decision. In 
the future, it will be necessary to clarify the significance with ANOVA in each cluster.  

  In another case, even if a color name’s E: Color distance is low, it is difficult to decide 
to recognize and use accurately. 

 Based on them, clarification in use of custom color names will focus on increasing custom 
color names used correctly and usably. 
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ABSTRACT 

We conducted the experiments to evaluate the appearance of colors under white LED, 
OLED and fluorescent lamps using color chips systematically selected from the Munsell 
color space. We introduced a new color category rating method that was extension of the 
method reported by Uchikawa et al. (1994) to obtain more detailed description of color 
appearance. The results of the experiment 1 showed that the color category rating under 
each of three illuminants were similar in general, however, there were noticeable 
differences in some color regions. We carried out the additional experiment (Exp.2) in 
which color appearance was evaluated by the conventional elemental color naming 
method. The analysis of the results showed that multiple regression models based on the 
color category rating well explained the elemental naming responses, indicating the 
possibility that color category rating data can be transformed into the elemental color 
description. 
 

1. INTRODUCTION 

Technologies of solid-state lighting, such as light-emitting diode (LED) and organic 
electroluminescent lighting (OLED), are progressing rapidly in recent years. LED lighting 
is now widely used in our living environments. However there are still arguments about 
color appearance under these lighting environments. In this study we examined color 
appearances under a white LED, OLED and FL (fluorescent lamp) using a new method to 
describe the appearance of colors. 

2. EXPERIMENT 1: 

The experiment 1 was conducted to evaluate the appearance of colors under a white LED, 
OLED and FL using color chips systematically selected from the Munsell color space 
(shoji et al., 2013). We introduced a new color category rating method that was extension 
of the method proposed by Uchikawa et al. (1994) in a way to obtain more detailed 
description of color appearance. 

2.1 methods 
Subjects answered color appearance of a chip by selecting up to three colors out of 11 
basic color terms; red(R), orange(Or), yellow(Y), green(G), blue(B), purple(P), pink(Pk), 
brown(Bn), black(Bk), gray(N) and white(W). Also tye assined a weighting score to each 
of the selected colors to make a total of 10. After adapting to a given illuminant (FL, LED 
or OLED) for 5 minutes, a subject responded with the color category rating method for 
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each of 146 color chips presented on the gray background. The size of color chips from the 
subject was about 2 deg. The illuminance was set 500 lx at the location of the color chip. 
Each of the subjects repeated twice for each light source condition. 10 subjects (University 
students) participated in the experiments. The specifications of the light sources are given 
in Table 1. Figure 1 shows the relative spectral power distribution of the FL, LED and 
OLED used in the experiment. 
 

Table 1: Specification of the light sources 

 

FL LED OLED 

product FL20SS- 
ENW/18HF 

LEL- 
AW6N/2 

P03B0909-
NA12A 

x 0.343 0.349 0.351 

y 0.356 0.358 0.369 

Tc 5200 K 5000 K 4900 K 

Ra 84 81 81 

Figure 1: Relative spectral power 
distribution of the light sources 

2.2 Results 
Figure 2 shows the results of the experiment 1 (V=5, C=6) under light sources FL, LED 
and OLED. The color category ratings were averaged over the subjects. While the color 
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Figure 2: The results of color categorical rating for the color chips (V=3, 5,7, C=6). 
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category ratings under each of three illuminants look similar in general, noticeable 
differences in categorical rating were found in some parts of the colors. For example, the 
color chips between 10R to 10YR were given higher "orange" rating under the OLED than 
other light sources.  

3. EXPERIMENT 2: 

To know quantitative changes of the color appearances, we considered possibility to 
transform color category rating data to elemental color rating data. Then we carried out the 
additional experiment (Exp.2) in which color appearance was measured by the ordinary 
elemental color naming method. 

3.1 Methods 
In the experiment 2, the subjects described color appearance by giving achromatic rates 
(black/white), followed by chromatic rates (red/green, yellow/blue) to bring the total to 10. 
The number of the Munsell color chips tested in the experiment 2 was reduced to 76 from 
146 in the experiment 1. Other procedures and conditions were the same as in the 
experiment 1. 

 

 

 

 
Figure 3: The results of elemental color naming for the color chips (V=3, 5, 7, C=6). 
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3.2 Results 
Figure 3 presents the results of the experiment 2 (V=5, C=6) under the light sources FL, 
LED and OLED. The elemental color naming scores were averaged over the subjects. The 
results of the experiment 2 show typical changes of color appearance along the hue circle. 
Although the color appearance show a similar change in three light source conditions, there 
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Table 2: Regression coefficients to predict elemental colors from color category ratings 
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color 

Color category (explanatory variables) cor-
ration 

R R Or Y G B P Pk Bn W N Bk 

Red 0.924 0.528 -0.037 -0.006 -0.007 0.334 0.732 0.292 0.016 -0.007 -0.033 0.984 

Green 0.010 -0.013 0.007 0.847 0.004 -0.007 -0.017 0.019 0.022 0.022 -0.145 0.981 

Yellow -0.022 0.407 0.872 -0.012 -0.009 -0.001 -0.003 0.188 0.007 0.016 -0.034 0.982 
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White 0.033 0.047 0.139 0.045 0.015 0.055 0.226 0.070 0.939 0.512 -0.134 0.979 

Black 0.083 0.044 0.050 0.099 0.083 0.150 0.053 0.421 -0.008 0.449 1.395 0.971 
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Figure 4: Correlation of elemental color 
ratings predicted by the model and those 
evaluated by the subjects in the 
experiment 2. 
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Comparison of the predicted elemental naming data derived from the regression model 
with the experimental data is shown in Figure 5 for the color chips (V=3, 5, 7, C=6) under 
the FL condition. As shown in the figure, the model based on the color category rating data 
well predicts changes of color appearance. 

 

 
Figure 5: Comparison of the elemental rating predicted by the regression model (lines) 
with the experimental data (symbols) plotted for the color chips (V=3, 5,7, C=6) under the 
FL condition. 

This study was primarily motived by to examine color appearance under LED and 
OLED lightings. To see the changes in color appearance, predicted elemental color naming 
values assigned to the color chips used in the experiment 1 were derived from the 
regression model based on the color category rating data. Arrows in figure 6 indicate the 
predicted changes of color appearance from FL to LED or OLED conditions plotted on 
red-green and yellow-blue axes.  

 

 
Figure 6: Predicted changes of color appearance from FL to LED or OLED lighting 
plotted on red-green and yellow-blue axes. 
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General changes of arrows in figure 6 indicate that the color chips under the LED used 
in the experiment may appear slightly desaturated compared with the FL. We can also see 
some enhancement of color appearance toward "orange" under the OLED. 

Further discussion is needed to connect our data to evaluation of color appearance under 
solid-state light sources in a more general way. In addition, it is worth to examine 
usefulness of the color category rating method. 
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to entire pattern’s visibility. 
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ABSTRACT 

Visibility is related to the decision of area to pay attention in field of view, and must be 
considered in interface or advertisement. However, it has not been revealed how the 
visibility is determined in daily and complex scene, which contains various factors. In this 
study, we focused the color and its position from various factors, and measured the 
visibility of each color panel in a different arrangement by the paired comparison test. We 
evaluated the effect of arrangement of color stimuli for visibility by the selection rate of 
each figure pattern. Analysis of variance on the selection rate of each figure pattern by the 
pair comparison method revealed that one figure pattern category defined by certain 
features of the arrangement showed significantly lower selection rate than other categories. 
Additionally to such pattern categories, there were additional common features in patterns 
that showed exceptionally higher or lower selection rates, over all arrangement patterns. 
These results suggest that the arrangement of color patch affects the visibility of entire 
figure.  

1. INTRODUCTION 

In daily life, visibility of objects is heavily involved in decision of area to pay attention in 
field of view. The visibility is a kind of degree to attract the attention of the people with the 
target, and must be considered in the interface or advertisements from its feature. Such the 
feature in natural scenes has commonly been called as “attractiveness” especially in 
attention research.  In this study, however, we call this kind of feature as “visibility”, 
mostly because we would employ the paired comparison method in which a simple 
detection of the object in short time can be considered as a dominant key factor.  Contrary, 
if the method of the measurement would be replaced to trace of eye movement or target 
detection method, the data would be more influenced by attention capture referred as the 
attractiveness.   

Such the visibility should strongly be influenced by color, meaning that influenced 
by lightness and saturation. The correlation between color and visibility has been 
demonstrated (Shinomori et.al. 2013; Suzuki et al. 2013; Toyota et al. 2014) that the 
visibility by the paired comparison method can reasonably be predicted by the features of 
the colors. However, shape and size of a target and positional relationship of the colored 
parts also can affect the visibility, meaning that the degree of visibility also involves 
multiple factors. Unlike the experiment environment for limiting factors, multiple factors 
should alter the visibility in daily environments. Therefore, it is difficult to determine the 
degree of visibility, which is strongly concerning to concept of conspicuity in many cases, 
only by the effect of color, separately. In this sense, integrated previous research, such as 
to clarify this complex mechanism, does not exist. However, it is still too difficult to 
determine the mechanism of visibility using the stimulus involving many factors, limited 
number of factors should be selected for measurements of the visibility. Therefore, in this 
study, we focused the color and its position and measured the visibility with different 
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arrangements of color panels in equal lumiannce by the paired comparison test. From the 
results, we considered the effect of arrangement of partly colored stimuli for visibility from 
the selection rate. 

2. METHOD 
Measurement in this experiment was carried out using the equipment installed in a dark 
room (Figure 1). We used a LCD display for stimulus presentation and a general numeric 
keypad for response. Observers were nine students (5 male and 4 female) in the mean age 
of 21.0 year old. They were naïve observers and authors were not included. Observers 
were screened by color vision tests of Ishihara-plate (38 plates edition), Standard Pseudo-
isochromatic Plates (SPP) and D-15 and were confirmed to have normal color vision. 

 
Figure 1: Apparatus 

2.1 Stimulus 
In this experiment, we use a set of figure patterns as the stimulus, those were consisted of 7 
gray panels and two colored panels arranged to make a square shape of 3 × 3 panels. The 
size of the gray and colored panels were 1.8 cmx1.8 cm (1.5 ° x 1.5 ° in visual angle), 
making the entire figure of 4.4 ° x 4.4 °. The color for the colored panel was red, which 
had shown to have the highest visibility in previous studies (Shinomori et.al. 2013; Suzuki 
et al. 2013; Toyota et al. 2014). Panel’s colors, red and gray were equated in luminance 
(24.68 and 24.64 cd/m2, respectively) and their CIE 1931 xy chromaticity coordinates were  
(0.495, 0.323) and (0.289, 0.294), respectively, measured by a luminance and color meter 
(CS-200, Konica Minolta Co. Ltd.). 

 The set of stimulus figure pattern was composed of 36 kinds of patterns depending 
on the position of red (colored) panels. The patterns were classified to four categories for 
analysis by characteristics of the arrangement of the colored panels as shown in Figure 2; 
Category 1 was the classification having a rectangular arrangement of colored panels 
contacting with one side, meaning the adjacency in a vertical or horizontal direction. 
Category 2 was the classification with an arrangement characteristic of the color panels in 
contact with one vertex, meaning the adjacency in the oblique direction. Category 3 was 
the classification with a configurationally features in the column direction or the same row 
direction, but without adjacency. Category 4 was the classification without the 
configurationally feature nor the adjacency, meaning that colored panels were not in the 
same row or column. Show below an example of each category. 
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Figure 2: Examples of stimulus figure patterns belonging to four categories. 

2.2 Experiment Technique 

Before the experiment, the observer adapted to a dark background of the monitor screen 
for five minutes. In the experiment, two stimulus figure patterns were pseudo-randomly 
selected from 36 patterns and presented to the observer as shown in Figure 3. The observer 
made a response of choosing stimulus figure pattern in higher visibility from two as one 
trial.  Trials were continued until all the combinations would be completed in the pair 
comparison in one session, although we did not make the comparison between the same 
pattern. The pair of patterns were pseudo-randomly changed after observer's response, 
thus, the order of pattern presentation were also change in every time of the experiment. 
Additionally, we tried to avoid a possible influence on determination by the presentation of 
preceding patterns and by retinal adaptation, which could be different between gray and 
colored panels. Location of the stimulus patterns presented on the screen was changed 
slightly between trials (shifted in any (random) direction with a random amount of distance 
up to 3.3 °). The paired comparison for all combinations were performed in one session 
and one observer performed 3 sessions. The observers took at least 5 minutes break 
between sessions and any time when the observer required.  

 

 
Figure 3: Example of presentation stimulus 

 

3. RESULTS AND DISCUSSION 

In this experiment, we defined a selectivity (0 to 1) as the probability of selecting one 
stimulus figure pattern against all other patterns (thus, not including against the same 
pattern) in the pair comparison method, as a reference for determining the degree of 
visibility. Based on the mean selectivity of all observers, ranking of the visibility in the 
entire patterns was determined and presented in Figure 4. The average of the selectivity for 
all patterns belonging to one category were also calculated and presented in Figure 5.  
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Figure 4: Ranking of the selectivity for each pattern. 

 

 

 
Figure 5: Ranking of the averaged selectivity for each category 

 

The selectivity between categories, category 2 showed the highest selectivity as 
shown in Figure 5. Category 1 had the lowest selectivity, showing large difference in 
selectivity for other categories. Result of analysis of variance for selectivity between 
categories, category 1 showed a significantly lower selectivity (p < 0.05) compared to 
other categories, category 4 showed a significantly lower selectivity (p < 0.05) compared 
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to category 2. The overall pattern selectivity in Figure 4 indicated that the patterns 
belonging to the same category, other than the category 3, were close in the ranking. This 
tendency caused the significant ranking order between categories as shown in Figure 5. 
Category 3 had divergence in the ranking order, although it tended to have higher rankings. 
However, in category 3, the ranking of pattern 23 exceptionally located in a lower order of 
the selectivity compared to other patterns in the same category. That is the pattern 
classified as colored panels are only in the most descending (bottom) column, explained 
more details in the later paragraph. 
 The main difference in the selectivity between category 1 and other categories was 
a way of the contact between colored panels. From this feature, patterns belonging to the 
category 1 were recognized as one colored rectangular in the pattern. On the other hand, 
other categories were recognized as the pattern having two colored panels independently. 
Therefore, a plurality of colored stimuli can be considered to give a stronger influence on 
the visibility of the subject than the single colored stimulus.  

The main difference between categories 4 and 2 was an existence of the contact 
point and category 4 did not have the contact point between colored panels. Therefore, it is 
conceivable that the contact point has some influence on the visibility of the pattern. 
Combined with the analysis for category 1, for higher visibility, it is necessary to be 
recognized as separated colored stimuli while having the contact point.  

We would like to mention about two special features of the pattern found in 
different categories; the first one is the arrangement in which one colored panel was placed 
in the center at the entire stimulus figure pattern. Such patterns, denoted by circles in 
Figure 4, commonly had the highest selectivity in the belonging category. It suggests that 
the color stimulus at the central portion is positively affecting the visibility. However, this 
feature did not go over the category border in the selectivity ranking, suggesting that this 
special feature can infuence to the visibility in the lower level compared to influences of 
contact points and arrangement that we used for classifying categories.  

The other special feature of the pattern was for exceptionally lower selectivity 
compared to others in the same category.  That is the pattern classified as colored panels 
are only in the most descending (bottom) column as mentioned above. Other two patterns 
with this special feature were both located in the rank of the lowest selectivity. The colored 
stimulus lopsided in the bottom column can be considered to have negative impact on 
visibility compared to other features. However, again, this feature did not go over the 
category border in the selectivity ranking, suggesting the same consideration to the pattern 
with the center stimulus. 

We, however, did not know whether the same results would be obtained under the 
different conditions such as increasing the number of panels. If the number of panels will 
be increased, however, it may not be possible to perform the experiment practically 
because of the experimental time should become enormous in the paired comparison 
method. Thus, in the future, it is necessary to verify the effectiveness of these arrangement 
and positional features using a new method.  

 

1168
AIC2015 TOKYO - Color and Image



 

 

to category 2. The overall pattern selectivity in Figure 4 indicated that the patterns 
belonging to the same category, other than the category 3, were close in the ranking. This 
tendency caused the significant ranking order between categories as shown in Figure 5. 
Category 3 had divergence in the ranking order, although it tended to have higher rankings. 
However, in category 3, the ranking of pattern 23 exceptionally located in a lower order of 
the selectivity compared to other patterns in the same category. That is the pattern 
classified as colored panels are only in the most descending (bottom) column, explained 
more details in the later paragraph. 
 The main difference in the selectivity between category 1 and other categories was 
a way of the contact between colored panels. From this feature, patterns belonging to the 
category 1 were recognized as one colored rectangular in the pattern. On the other hand, 
other categories were recognized as the pattern having two colored panels independently. 
Therefore, a plurality of colored stimuli can be considered to give a stronger influence on 
the visibility of the subject than the single colored stimulus.  

The main difference between categories 4 and 2 was an existence of the contact 
point and category 4 did not have the contact point between colored panels. Therefore, it is 
conceivable that the contact point has some influence on the visibility of the pattern. 
Combined with the analysis for category 1, for higher visibility, it is necessary to be 
recognized as separated colored stimuli while having the contact point.  

We would like to mention about two special features of the pattern found in 
different categories; the first one is the arrangement in which one colored panel was placed 
in the center at the entire stimulus figure pattern. Such patterns, denoted by circles in 
Figure 4, commonly had the highest selectivity in the belonging category. It suggests that 
the color stimulus at the central portion is positively affecting the visibility. However, this 
feature did not go over the category border in the selectivity ranking, suggesting that this 
special feature can infuence to the visibility in the lower level compared to influences of 
contact points and arrangement that we used for classifying categories.  

The other special feature of the pattern was for exceptionally lower selectivity 
compared to others in the same category.  That is the pattern classified as colored panels 
are only in the most descending (bottom) column as mentioned above. Other two patterns 
with this special feature were both located in the rank of the lowest selectivity. The colored 
stimulus lopsided in the bottom column can be considered to have negative impact on 
visibility compared to other features. However, again, this feature did not go over the 
category border in the selectivity ranking, suggesting the same consideration to the pattern 
with the center stimulus. 

We, however, did not know whether the same results would be obtained under the 
different conditions such as increasing the number of panels. If the number of panels will 
be increased, however, it may not be possible to perform the experiment practically 
because of the experimental time should become enormous in the paired comparison 
method. Thus, in the future, it is necessary to verify the effectiveness of these arrangement 
and positional features using a new method.  

 

 

 

4. CONCLUSIONS 

In this study, we found that the arrangement relationship between the two colored panels 
used for the classification of categories in this study is one of the stronger factors that 
influence the visibility of the overall stimulus figure. Additionally, we found several 
positional features, which affect the visibility of the stimulus in terms of the position 
relationship of the colored panel, such as the central positions and the bottom positions. 
The visibility of the color stimulus can be changed by such positional features, however, 
they are weaker and simly adding the effect to the arrangement features from the lower 
(weaker) level.   

ACKNOWLEDGEMENTS 

This research was supported by JSPS KAKENHI Grant Number 24300085 to IN and KS. 

REFERENCES 

Shinomori, K., T. Suzuki, N. Murai, Y. Ozaki and S. Nakauchi 2013. Function-oriented 
color selection technique using subjective estimation (paired comparison of images) 
and psychophysical evaluation (reaction time measurement), Proceedings of AIC 
Colour 2013, 3, 1165-1168. 

 Suzuki, T., K. Shinomori, N. Murai, Y. Ozaki and S. Nakauchi 2013. Evaluation of 
visibility of color under a range of spectral illumination using physically based 
spectral rendering images: Comparison of reaction times for colored handrail in the 
bathroom, Proceedings of AIC Colour 2013,1, 135-138. 

Toyota, T., K. Shinomori, T. Suzuki and S. Nakauchi 2014. Practical color visibility 
evaluated by response time of search and selection rate in paired comparison, i-
Perception, 5(4), 273. 

 
 

Address: Ryota Nakaya, Shinomori Lab, School of Information, Kochi University of 
Technology,  

185 Tosayamada- Miyanokuchi, kami-city, Kochi 782-8502, JAPAN 
E-mails: 150334p@ugs.kochi-tech.ac.jp 

1169
AIC2015 TOKYO - Color and Image



PS2-53

A Color Coordination Support System Based on Impression from 
Color and Readability of Text

o i i o  Kazuhiro YAMAMOTO, i i S  an  Eri KOMIYAMA
Faculty of Engineering, Tokyo Polytechnic University

ABSTRACT
ea a i it  o  co or c eme i  one o  im ortant actor at genera  te t e ign inc ing gra ic 

e ign an  e  e ign  o or  an  co or c eme  o e ni e c o ogica  e ect  n genera  te t 
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S R C  
Readability of color scheme is one of important factor at general text design including 
graphic design, or web design. Each color and color schemes owe unique psychological 
effects. In general text design, color choice should consider these unique psychological 
effects. However, this considerable color choice must need high degree of skills. In present 
study, authors constructed a semi-automatic color coordination support system based on 
psychological color theory. The color coordination support system was able to nominate font 
colors that specified by background color. Nominees were based on psychological color 
theory and readability. Readability of color schemes were measured and formulated from 
subjective evaluation experiments for various combinations of font and background colors. 

. IN RO UC ION 
General text design including graphic design, or web design must maintain readability.  Text 
readability is constructed from color scheme of font and background. Designers are always 
considering balance of interested graphical design and readability. Thus, general text design 
needs knowledge and skills of color including psychological effects. Knowledge and skills 
of color is not easy to acquire. It suggest, knowledge and skills of color is hard to suit for 
general text design with readability maintained. In present study, authors were tried to 
developing a color coordinate system for readability secured. This system is able to nominate 
font colors considering with psychological effects for background color of user selected. 
Color coordinate system nominees were evaluated readability and psychological effect 
factors. 

. S S E  CONS RUC ION 
Color coordinate system was postulated that does not depend on knowledge and skills of 
color. Unique and key factor of functions are, 
1)  selectable background color for high degree of freedom in design. 
2) color schemes of system nominees were ranked order of readability. 
Those two functions are implemented for considering with balance of interested graphical 
design and readability. 

.  I    
Images of something else were impressed from colors. It is look like some color perception 
generated some psychological description. Impression from color is an important factor in 
graphic design. Color coordinate system nominated colors from keywords. Keywords and   
impression are shown in Table.1. Twenty-seven words were selected with reference of 
preceding study1. Relations of keywords and colors were defined on the basis of PCCS 
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(Practical Color Co-ordinate System2 by 
Japan Color Research Institute) as shown in 
Figure 1.In Table.1, digits of 1  mean that 
PCCS colors give impressions in 
corresponding columns, and digits of 0  
mean that they give no impressions. The 
reasons why PCCS was adopted are, 
1) Results by preceding studies are 

available that investigated the relation 
between color and impression from 
color based on PCCS. 

2) PCCS is able to handle colors by their 
only two attributes, hue and tone. 

3) The number of PCCS colors are limited 
to about two hundreds, so easy to 
process by program.  

In present study, 201 colors (including 192 chromatic cards in twelve tone and 9 
achromatic cards.) were used from PCCS harmonic cards. CIE Y  values of 201 colors 
were measured by spectrophotometer (Spectrolino). D65 illuminant was used in colorimetric 
calculation. The Y  values were converted to RGB values to display colors on LCD 
monitor with sRGB color gamut.  

Table 1. Rlation between PCCS color and impression. 

.  R     
Readability of font color for background color was obtained from subjective evaluation 
experiments for multiple combinations of font and background colors, that was conducted 
in our previous study. Readability was formulated from the results, as given in the following 
equation. 

　0.8 3   C － C  0.00635    L － L    0.0927   y   2121 ,                                    (1) 

where, y reperesents readability, and L1  and  C1  are metric lightness and chroma in 
CIELAB color space for background color, respectively. Similarly L2  and  C2  are metric 
lightness and chroma for font color, respectively. 
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Figure 1: PCCS tone chart2. 
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. OCESS FLO  
Control software of color cooordinate system was built with C  programing language for 
Wndows PC. Process flow chart of software is shown in Figure 2. Operation and display 
screen of the system is shown in Figure 3. 

Figure 2: Process flow chart. 

Impression words are displayed in 
window ①, and the corresponding colors 
for background are displayed in window 
②  when a user chooses one of the 
impression words and clicks on the 
execution button. Then, font colors on 
background color designated are ranked 
in order of readability and presented in 
window ③ when a user chooses one of the 
colors for  bckground. The readability of 
font color for bckground color is 
calculated with Equation 1.When clicking 
one of the color schemes in window ③, 
RGB values of font and background 
colors are displayed in window ④. 

 

Figure 3: Operation and display screen. 
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4. RESUL S N  ISCUSSION 
Table 2 shows examples of color scheme results obtained using the color coordinate system. 
It was confirmed that a fairly reasonable result was obtained for given impression words. 
Figure  shows examples of nominated font colors in ranked order of readability for 
background color having impression of cool. The order of readability seems to be almost 
valid. High ranked font colors were white or yellow with high lightness, while low ranked 
font colors have various hues. In present study, impression from font color is not taken 
account. If text area is large, impression from font color should be considered. 
    Actually this system was applied for graphic design of can package and confirmed to be 
effective in creating images as intended3. 
 

Table 2. Examples of color scheme results 

Impression Font color background 
color 

Color sch eme 
result 

happy 55, 55, 55 25 ,125,116 

sad 238,235,237 79,98,10  

dynamic 233,229,22  252, 5,62 

static 76,58,58 122,18 ,169 

 

. SU R  
A semi-automatic color coordination support system was constructed and evaluated. This 
system was able to nominate font colors in ranked order of readability for background color 
designated by impression from color. The system is expected to be an effective tool for color 
scheme for users not having enough knowledge and skills of color. 
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Figure : Nominated font colors in 
ranked order of readability 
for cool background color. 
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ABSTRACT 

In this study, optical property of textile was measured, and applied for human visual 
assessment by computer graphics to clarify the mechanism about visual recognition of silk 
and cotton textile. The measuring textile samples were 19 white or non-dyed textiles 
including silk, cotton, polyester materials, and these were plain and twill weavings. Sample 
was stretched on 20cm diameter cylinder surface with tensile force to sense reflectance 
profile with various illuminant and detect optical dimension, and measured by gonio-
photometric spectral imaging system. After measuring, spectral image at 550nm 
wavelength of each samples was respectively analyzed and calculated to get skewness and 
deviation profiles of optical dimension. To analyze visual recoginition, the human 
visualizing assessment test was applied as magnitude estimation method combined by 
polar coordinates to apply two different parametric objects, angle was meaning of material 
type that is silk or cotton feel, and distance from origin was meaning of textile feel. The 
display device presented monochrome visual stimulus with this coordinates. The images of 
this experiment were created from metric profile and combined with typical short fiber 
texture like a cotton broad cloth and typical long fiber texture like a silk taffeta cloth, and 
variables were intensity of specula profile and texture images. As the result of this study, 
the boundary area of textile feel, and also silk/cotton material feel were calculated. The silk 
feel was approximately related with intensity of specula profile, and textile feel was 
approximately related with intensity of texture. 

1. INTRODUCTION 

The various texture and design of fabric are created by combined fiber material, spinning, 
weaving and finishing effects. Especially, silk and cotton fabrics are the most popular and 
typical cloths in human life, and also there were a lot of them represented by drawing or 
painting on the arts. Basically, visual recognition of silk and cotton textile is the very 
interesting subject. 

2. METHOD 

2.1 Textile measuring by Spectral Imaging (Metric Data Acquisition) 

For instrumentation, liquid crystal tunable filter (Perkin Elmer, LCTF) is used as the 
spectrum method. And Pertie Cooling, monochromatic-CCD camera equipped with anti-
blooming and white LED were used in the process. As LCTF is 10nm in half-band width, 
and the CCD camera with 772 X 580 pixel and closing-up distance shot in the 40 cm 
distance far from the apex of the sample cylinder. In this case, the resolution is 180 dpi. 
LED lamps were aligned through a like shape with vertical 15° through 45° angle to the 
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sample planes from 30 cm distance. These measured samples were all attached to the 
planes of a cylinder with 20cm in diameter. From the lamp with the vertical 15° angle to 
the sample plane, it was able to get the optical geometric conditional information as a 
specular angle to the X axis of the result image ranges from -60° to 90°, or the one with 
45° ranges from -30° to 120°. Figure 1 shows which instrument and optical geometric 
condition was used and based. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Optical geometry of spectral imaging system. 
Measured samples were 19, including cotton, silk, synthetic fiber textile, and mat surface 
paper. Among these, the most representative profiles were 4; cotton broad, silk taffeta, 
polyester taffeta and mat surface paper. These were interpreted while using mathematical 
method to figure out reflectance profile to optical geometric conditions using images with 
550nm.  These image and L* profile of each measuring are shown in Fig.2. 

 

 

 

 

 

 

 

 

 

Figure 2: Measuring result of 4 chosen textile and paper. 
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2.2 Human visualize assessment (Visual Data Acquisition) 
With basics of profile from measurement data, presentation stimulation recording based on 
magnitude estimate was carried out to measure perception levels. Experimental 
stimulations used gloss constituents from each basic reflectance profile of cotton, silk, 
synthetic fabric. And finally, texture such as short and long fiber, their carried combination 
as stimulating parameter and 32 images are created with skewness range between -0.6 to 
0.8 and kurtosis range between 1.8 to 2.5 of luminance distribution. The texture intensity 
calculated by Laplancian filter, and created image has 1.4 to 24. The list of the used 
parameters in every experiment was shown in Table 1.  

Table 1. The list of parameter. 

Sample Skewness Kurtosis Texture 
Intensity Sample Skewness Kurtosis Texture 

intensity 
1 -0.46 1.86 1.41 17 0.80 2.48 6.85 
2 -0.59 1.99 16.93 18 0.79 2.48 10.06 
3 0.79 2.48 13.30 19 0.79 2.48 13.30 
4 -0.41 1.86 15.43 20 0.79 2.47 16.55 
5 -0.59 1.99 11.44 21 0.17 2.01 4.07 
6 -0.59 1.99 13.78 22 0.17 2.01 7.17 
7 0.79 2.48 11.44 23 0.17 2.01 10.37 
8 0.79 2.47 17.49 24 0.17 2.01 13.61 
9 -0.41 1.86 13.22 25 0.17 2.01 16.86 

10 -0.60 1.99 4.55 26 0.11 1.79 2.29 
11 -0.48 1.93 8.77 27 0.11 1.79 4.73 
12 -0.59 1.99 16.89 28 0.11 1.79 7.82 
13 -0.59 1.99 20.32 29 0.11 1.80 11.01 
14 -0.58 2.00 24.02 30 0.11 1.80 14.23 
15 0.80 2.49 1.48 31 0.11 1.80 17.47 
16 0.80 2.49 3.74 32 -0.17 1.79 2.28 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Test sample image for human visualize assessment. 
As the parameters, from the gloss parts, cotton, silk, synthetic fabric, diffusing cotton and 
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each respective reflectance profile, and also short and long fabric type textures were 

 

 

prepared to be paired variably for making different stimulations. For these stimulations, the 
image from the diffusing cotton profile with the 0 intensity of texture was placed on the 
origin point in XY coordinates, on (X,Y) = (1.0, 0.0) for the image of short fabric type 
texture from cotton profile, on (X,Y) = (0.0, 1.0) for the image of long fabric type texture 
form silk profile, on X axis for cotton likeness, on Y axis of the 2 dimensional coordinates 
for silk likeness, and finally on (X,Y) = (1.0, 1.0) for each given stimulation. For answer 
process, XY coordinates were shown and mouse clicking over the 2 dimensional 
coordinates was conducted. In this manner, fabric likeness coincides with the distance from 
the origin point, cotton likeness with X axis, silk recognition intensity with Y axis, and all 
of these were alternatively displayed. Also, while answering, there were 4 sorts of answers 
as following; 1 is cotton recognizing, another is 2 for silk recognizing, 3 for recognizing 
non-cotton or silk, and the last is 4 for not recognizing any fabric. The subjects in the 
experiment were 20 with normal eye vision, consisting of male 0 and female 0. 4K display 
(Samsung, the U32D970Q, 31.5 inch, 16:93820 2190 pixel, 208dpi, 350Cd/m2) was used 
for indicating display(See Fig 3.). 

3. RESULTS AND DISCUSSION 
Figure 4 shows the visual assessment test results and the plot results from the whole 
answers’ values. And x and y are the values of answers on 20 points surely gotten from 
experiments. Also, 20 people were asked to report whether they can recognize or not. From 
the silk and cotton, there are 2 divisions in area. In the center was either recognizing as 
other fabric or not recognizing as any fabric. So were cotton and silk in the center and also 
admitted in the strong gloss area. For the suggested stimulation area, it goes almost up to 
not-recognition which will be the properly suggested range. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: The human visualize assessment test result. 
Figure 5 shows what the results of instrumentation would be like if only stimulation 
revised by one gloss profile is suggested. Above all, the level of recognition was low, and 
more or less than 48 percent or almost up to half answered that they couldn’t recognize any 
fabric in this stimulation group. This is because the No. 1 matt with gloss profile and the 
No. 32 with combined by 4 profiles were recognized bad, and these 2 were followed by 
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72.5% of answers that reported that they were not recognized as any fabrics. However, in 
the perfect diffusing profile of the No.10, 35% recognized it as cotton, 85% as fabric 
including cotton and etc. Also, in the high kurtosis profile of the No.15, 35% reported that 
it was silk, and 65% said it was a fabric, which produced pretty high scores. Either the 
No.10 or 15 originally starts from fabric gloss profile, and highly likely to be recognized as 
fabric even though not undergoing texture test. Besides, cotton is reported from perfect 
diffusing and silk is recognized from high kurtosis. Although the nuance between profiles 
for matt and perfect diffusing exists, there is a pretty conspicuous difference in recognition 
as fabric. Figure 6 illustrates which results should possibly come out when the perfect 
diffusion profile is added and revised by texture parameter. As the texture increased, levels 
of recognition as textile fabric went up, too, and even a slightest addition of texture was 
made, levels of recognition as textile fabric rapidly increased. The No.11 stimulation 
where the perfect diffusion profile is added by a newly produced short type texture was 
perfectly reported as cotton by every subject. Meanwhile, in case that long type texture was 
added, levels of recognition as fabric was 100% as same as the one discussed from the 
No.11. But, for its proportional results, a half of the subjects said that it was cotton, and the 
other said it was silk. This didn’t resort to the trend from gloss profile, but predominantly 
on types of texture in which cotton equals to short type fabric and silk equals to long type 
fabric. The short type texture increased, so proportionally did levels of recognition as 
cotton. 

 

 

 

 

 

 

 

 

 

 

Figure 5, 6: The human visualize assessment test result. 
For the next, Figure 7 shows what comes when short type is combined to high kurtosis 
profile. When the high kurtosis profile was given, the level of recognition as silk was high. 
Also, herein was reported back as textile fabric by 91% of the subjects placed in this 
stimulation group, and as silk by 83% in the same group. In addition, even though being 
the short type, levels of recognition as fabric increased as texture intensity went up. In this 
case, because gloss far exceeded other parameters in effects, it forcefully affected whether 
it could be recognized as silk or cotton even though texture was also involved in increases 
for recognition as fabric. The perfect 100% rate of answers was from the recognition as 
silk from the No.18 to No.20. Also, Figure 8 indicates the results combined by the 
compound of high kurtosis profile and the perfect diffusion profile and the short type 
texture as the one Figure 0 shows. As including the No.15, the 89% rate of answers was 
from the recognition as textile fabric, and from this, the 78% recognized it as silk. In this 
step, recognition barely changed, and also the gloss profile was dominant, so the level of 
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the perfect diffusing profile of the No.10, 35% recognized it as cotton, 85% as fabric 
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No.10 or 15 originally starts from fabric gloss profile, and highly likely to be recognized as 
fabric even though not undergoing texture test. Besides, cotton is reported from perfect 
diffusing and silk is recognized from high kurtosis. Although the nuance between profiles 
for matt and perfect diffusing exists, there is a pretty conspicuous difference in recognition 
as fabric. Figure 6 illustrates which results should possibly come out when the perfect 
diffusion profile is added and revised by texture parameter. As the texture increased, levels 
of recognition as textile fabric went up, too, and even a slightest addition of texture was 
made, levels of recognition as textile fabric rapidly increased. The No.11 stimulation 
where the perfect diffusion profile is added by a newly produced short type texture was 
perfectly reported as cotton by every subject. Meanwhile, in case that long type texture was 
added, levels of recognition as fabric was 100% as same as the one discussed from the 
No.11. But, for its proportional results, a half of the subjects said that it was cotton, and the 
other said it was silk. This didn’t resort to the trend from gloss profile, but predominantly 
on types of texture in which cotton equals to short type fabric and silk equals to long type 
fabric. The short type texture increased, so proportionally did levels of recognition as 
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For the next, Figure 7 shows what comes when short type is combined to high kurtosis 
profile. When the high kurtosis profile was given, the level of recognition as silk was high. 
Also, herein was reported back as textile fabric by 91% of the subjects placed in this 
stimulation group, and as silk by 83% in the same group. In addition, even though being 
the short type, levels of recognition as fabric increased as texture intensity went up. In this 
case, because gloss far exceeded other parameters in effects, it forcefully affected whether 
it could be recognized as silk or cotton even though texture was also involved in increases 
for recognition as fabric. The perfect 100% rate of answers was from the recognition as 
silk from the No.18 to No.20. Also, Figure 8 indicates the results combined by the 
compound of high kurtosis profile and the perfect diffusion profile and the short type 
texture as the one Figure 0 shows. As including the No.15, the 89% rate of answers was 
from the recognition as textile fabric, and from this, the 78% recognized it as silk. In this 
step, recognition barely changed, and also the gloss profile was dominant, so the level of 
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recognition as silk was high without depending on texture intensity or its type. There is one 
interesting fact that when intensity for short type texture fabric increased, it was highly 
proportionally recognized as silk, so about 100% perfect rate reported it was silk where 
there was somewhat appropriate texture in these 3 suggested stimulation groups. 

 

 

 

 

 

 

 

 

 

 

Figure 7, 8: The human visualize assessment test result. 

4. CONCLUSIONS 
The high gloss textile material has various luminance distribution profiles, so it is 
recognized as silk without depending on its shape. On the other hands, the low gloss textile 
material is highly affected by luminance distribution profile in its recognition, and also by 
the smallest difference of shape without texture. The level of recognition as fabric rapidly 
increases revised by the texture input. In the diffuse reflection, the types of texture have an 
impact on recognition of basic fabric material. 
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ABSTRACT 
A ane  o  -  o er er  it  norma  co or i ion has a e e  a et o   co or air  in a 
m tiang e co or ca inet using a gray scale method. The main goal a  to te t the potential 
re ation i  et een perceived lightness differences and lightness flop. The samples in our 
color pairs ere near  ac romatic C*ab  an  it  gradual changes of lightness flop in 
t e range -   ig tne  units per degree. The average color difference in the 
co or air  a    nit . The percentage of lightness difference in the total color 
difference a  a o e  in all color pairs  it  an a erage a e o   Observers’ 
aria i it  in o r e eriment a  o  it  an average standard deviation of visual 

differences o    nit , or an intra- and inter-o er er aria i it  o   an   
STRESS units, respectively. e  co or- i erence orm a ro i e  t e e t 
predictions of our visual results it  a STRESS value of  o e er  the predictions 
ma e   an  a et o   different advanced color- i erence orm a  ere not 
statistically significant i erent  it  their STRESS values changing in a short range from 

 to  nit . Our results o  no clear re ation i  et een ercei e  ig tne  
differences and lightness o  er a  ecause the perceived lightness gradients in the 
samples in our experiment ere small. one o  t e eig ting nction  or ig tne  

ro o e   recent color-difference orm a  e g  ,  -S  
OSA- P-Euclidean, , etc.  as particularly useful to predict the results of our 
visual experiment. o e er  o er nction  eem an appropriate option to improve the 
predictions of current visual results. Specifically, an e onent  in t e  an  

 orm a  rovided STRESS a e  o   an   nit  re ecti e  ic  
are con i era  o er t an t e origina  one  and close to inter-o er er aria i it    

1. INTRODUCTION 
Automotive industry needs successful color- i erence orm a  to e ta i  relia e 
tolerance  in co or a it -contro  i  goa  m t e ac ie e  or a  mo ern materials 
employed in this industry, ic  inc e  materia  e i iting ot  homogeneous o i  and 
gonioc romatic e ect  co or  onioc romati m can e defined as the property related to 
t e c ange in an  o  a  attri te  o  co or o  a ecimen on c ange in ang ar illuminating-
ie ing con ition  it o t any change in ig t o rce or o er er. In industrial 

applications t e i erence in a earance o  a materia  ie e  o er t o different aspecular 
angles i e  t o ie ing ang e  mea re  rom t e ec ar irection  is usually designated 
as “flop” (ASTM, 1995). Currently, AU  a er   is the only color-difference 
formula considering am e air  it  o  e ects in the computation of color differences. 
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In t o previou  a er  e go a et a  a an   e analyzed the performance of 
different advanced color-difference formulas using automotive sample pairs  it  particular 
attention to the performance of t e term o  ig tne  o  in t e  co or-difference 
formula  n t e ir t a er e go a et a  a , e re orte  results of an experiment 

here the sample pairs had a small size of  cm and almost random amounts of 
lightness flop. In t e econ  a er e go a et a   e em o e  am e  it  a 
igger i e o   cm an  systematic increasing amounts o  ig tne  o  t the color 

differences in a con i era e n m er o  these co or air  ere not lightness differences. This 
made difficult to ac ie e c ear conc ion  on t e re ation i  et een ig tne  i erence  
and lightness flop, as proposed in t e  co or-difference formula. The current 
a er re ort  a ne  e eriment here, in a ition to am e air  it  t e ig e t a ai a e 

size and a systematic increase of lightness flop, the color i erence  in a  co or air  ere 
predominantly lightness differences. Specifically, in all color pairs in the current experiment 
the percentage of lightness difference ΔL*  in the total color difference ΔE*ab  a  higher 
t an  and the ncertaint  in o er er ’ visual assessments a  con i era  o . In this 

ay  e e ect to ac ie e ne  conclusions on the relationshi  et een ercei ed lightness 
differences and amo nt o  ig tne  o  ic  ma  e artic ar  e  to te t im ro e 
t e  co or-difference formula. 

2. METHODS 
rom a et o   am e  ro ce   o o e  or t e a tomoti e in tr  e ave 

selected  nearly achromatic color pairs it  increa ing amounts of lightness flop. Figure  
o  t e a erage co or coor inate  an  ig tne  o  o  t e t o samples in each color 

pair, as measured using a -mac multi-ang e ectro otometer a ert re  mm  
i minant    tan ar  co orimetric o er er  Our samples had C*ab  and a 

i e lightness range ig   e t  For our color pairs, the average values of lightness and 
the angular lightness flop had a good positive correlation ig   rig t  in c  a a  t at  
or e am e  it a  not o i e to in  co or air  it  o  ig tne  an  ig  ang ar 

lightness flop. We have defined the angular lightness flop for each color sample as _L*γi+1-
L*γi_/(γi  - γi  ere t e ang e  ere γi  and γi  , or γi  an  γi , according 
to the ie ing con ition  e t o am e  in each color pair had very similar angular 
lightness flop, the angular lightness flop of each co or air eing e ined as the average. We 
can note that the angular lightness flop in o r co or air  a  a o e  i e  e a e not 
highly homogeneous or o i  co or  an  co ere  a re ati e  i e range ig  , rig t . 
With respect to the color differences in our color pairs, they had average and standard 

e iation  a e  o   an    nit  re ecti e  t i  important to emphasize 
t at t e ig  re ominant contri tion in c  co or i erence  a  a ig tne  i erence, 
in c  a a  t at t e ercentage of lightness difference, measured as ΔL*/ ΔE*ab , 
a  an a erage a e o  , it  no co or air it  ercentage o er t an  

   ac  one o  t e  e ecte  co or air  a  i a  a e e  ing a o-spectra effect 
ig t oot   iti e  an  n tr ment  ace  in a ar  room  S eci ica   
co or air  ere assessed at the University o  icante rana a S ain    o er er  

it  norma  co or i ion  t e ie ing ang e  eing γi  or  co or air , and γi   
for the remaining  co or pairs. After an adaptation time of around 3 min, the color pairs 

ere presented in random order to eac  o er er  o e ta  a  to ge t e magnit e 
of perceived color differences ing t e ra  Sca e or ange in o o r o  t e Society of 
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er  an  o o ri t  i  ra  Sca e  co or air  it  co or i erence  in t e range -
  nit  a ro imate  a  t ace  a o e t e co or airs. The visual sessions 

never lasted more than 20 min to avoid observers’ fatigue. ac  o er er er orme   non-
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remaining  co or- i erence orm a  ere not statistically significant different. It is also 
important to note that the STRESS values for all tested color- i erence orm a  ere at 
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Table 1. STRESS values for 12 tested color-difference formulas (kL=kC=kH=1.0). 
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We have plotted the ratio ΔL*/ΔV again t t e ang ar ig tne  o  or o r  co or 
air  ig   e t , in order to ascertain potential relationships et een ig tne  to erance  

and lightness flop. Note that the ratio ΔL*/ΔV is e a  to t e ig tne  to erance or the 
eig ting nction or ig tne  usually designated as SL  en t e  c roma and 

hue differences are null. This last approach i  eno g  acce ta e in o r c rrent it ation o  
co or air  it  ig  re ominant ig tne  differences. From the re t  o n in ig   
left, it cannot e conc e  t at ig tne  to erance  increa e it  ang ar ig tne  o  a  

ro o e   t e  co or-difference formula. Therefore, optimizing the coefficients 
in the eig ting nction or ig tne  in t e  orm a it  re ect to o r c rrent 
visual results seems meaningless  o e er  t ere eem  to e an eno g  c ear non-linear 
re ation i  et een our visual results and the re iction  ma e  t e  co or-

i erence orm a ee ig  , right  Similar relationships can e a o o n  or t e ot er 
color-difference formulas considered here  gge ting t at a im e o er nction ma  
improve the performance of most color- i erence orm a  ang            

 
 

Figure 2: Relationship between approximated lightness tolerances and angular lightness 
flop (left); visual differences against predictions made by the AUDI2000 formula (right). 

Error bars indicate the uncertainty associated to the variability in observers’ assessments. 
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Figure 3: STRESS values for power functions with different exponents in four color-
difference formulas, with respect to the visual results found in our experiment. 

It can e note  ee ig   rig t  that ΔV values are overestimated for very small color 
differences er a  a  a con e ence o  false alarm rates and the fourth degree polynomial 
function employed to convert from ra  to true i a  i erence , and underestimated for 
very large color differences. These t o e iation  ma  e acco nte  in color-difference 
formulas  ing im e o er nctions it  appropriate exponents ; that is, simple 
transforms like Δ ’ ΔE . Po er nction  le  to a con i era e im ro ement in t e 
predictions of the visual results o n  in o r e eriment  i erent co or-difference 
orm a  a  o n or o r specific color-difference formulas in Fig. 3. Note that exponents 

aro n  -  con i era  ecrea e  the STRESS a e  re orte   t e origina  co or-
difference formulas in a o t -  STRESS units, and t e ne  STRESS values are very close 
to the inter-o er er aria i it  in o r e eriment  STRESS nit  Specifically, the use 
of an ex onent  in t e  or the  color-difference formulas 
provided values of  an   STRESS units, respectively.  

4. CONCLUSIONS 
e a e e e o e  a i a  e eriment here  co or air  it  mainly lightness 

differences and different amount of angular lightness flop ere visualy a e e  it  o  
uncertaint   a ane  o   o er er  it  norma  co or i ion  From the results in this 
e eriment it cannot e conc e  t at ig tne  to erance  increa e it  ang ar ig tne  

o  a  ro o e   t e  co or- i erence orm a  er a  eca e the 
perceived lightness gradients in the samples in our experiment ere small. Predictions of 
our visual results  a et o   mo ern color- i erence orm a  ere not significantly 
different and unsatisfactory  o e er, such predictions may con i era  im ro e using 

o er nction  it  e onent aro n   
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ABSTRACT
er ie  i ion eteriorate   cataract en t e  are age  Printe  a e  re re ent i a  
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give different result among young and elderly.
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ABSTRACT 

Elderlies’ vision deteriorates by cataract when they are aged. Printed labels represent 
visual environment and have been found to be expressed by so small letters, which are too 
difficult for elderlies to read. Design of labels and sign consist of fonts and colors. Thai 
letters are unique in shape and composition, and can have effect on legibility. The proper 
color-pairs used for combination of fonts and backgrounds are also needed to guarantee 
highly legible for efficient vision. This research aimed to compare the legibility of printed 
Thai letters for young and elderlies in terms of different background contrasts under 
normal daily situation and illumination. Elderlies aged 60-80 years old and young subjects 
aged 20-40 years old participated in this experiment. Subjects experimented with 
adjustment method to find out the legibility of letter charts capable for correct reading. 
Three achromatic charts of black letters on White, N5, and N4 backgrounds were used for 
monochrome chart. The charts in different backgrounds each contain 24 lines of Thai 
letters varying in sizes that are logarithmically even distributed. The viewing distance of 
1.2 meter with natural lighting situation in the day time was used for this experimental 
illuminance. The result showed that for the similar illuminance, legibility of the young not 
much affected by the darkening of background compare to the substantial legibility 
decrease of the elderlies when background darkening. The darker background or the lower 
contrast charts caused higher decrease in legibility for elderlies than the young.  

1. INTRODUCTION 

Thailand is emerging the elderly society soon as the elderly population in Thailand is 
increasing substantially. The ageing physical change affect the quality of life, especiallly 
the visual performance. When people get older they get cataract and their visual 
performance deteriorates. It is an urgent matter to investigate the performance of elderly 
vision and to provide proper infrastructure and environment to assure them the quality of 
life. In this study we pay attention to letter size and background contrast of product labels 
as the elderly people get information from labels for their daily living. Legibility by elderly 
people has been investigated by some researchers, Elliott et al. for English, and Ayama et 
al. for Japanese. They all showed deterioration of the visual acuity by elderly people. But 
in our knowledge, none investigated for Thai letters and no proposal was made for the Thai 
letter size recommended for labels to suit elderly people. Thai letters are different from 
English or Japanese letters.  

 Legibility at the high contrast stimuli is better than the legibility of lower contrast. 
Different color pairs of letters and backgrounds also give different legibility which affect 
the visual performance of elderly and young people differently. We want to know the 
degree of legibility difference between the elderlies and youngs under normal daily 
lighting situation in order to set the guideline for graphical labels designing that create by 
young designers’ vision  to suit the proper vision of elderlies. 
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2. METHOD 
The adjustment experimental method was used for this study. Subjects were divided into 
two groups: ten young and eleven elderlies. The elderlies live with their family and 
performed experiment in their home or in the temple community area during the social 
gathering event, which was the relaxing atmosphere. Young subjects are recruited from 
home and office.   
 
2.1 Apparatus 
 
The apparatus for this field experiment composed of test chart and mask, light meter, 
and measuring tape. The Thai letters test chart was designed to test the legibility 
especially for Thai subjects. The chart contains 24 lines of Thai letters varying in sizes 
that are logarithmically even distributed from line to line. There are 3 charts of different 
backgrounds in White, N5 and N4 to represent different contrast background as shown 
in Figure 1. 
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Figure 1. Thai letters test chart in White, N5 and N4 backgrounds. 

 
2.2 Procedure 
 
The subject recruitment was done by two steps. First, check the age to fit in the required 
range of 20-40 years for young, and 60-80 for elderly. Second, to interview and exclude 
of any eye decease or abnormal eye condition such as severe cataract. The recruited 
subjects sat in 1.2 meters distance and illuminance measured. The experiment started 
with the white background color chart. Mask with window that open to see only one 
line at a time was used to hide the rest of different letter sizes. The test chart of white 
background was shown to subject with a mask that open only one line of letters at a 
time. Subject was asked to tell the overall sharpness of letters shown, and to fine tune to 
the line that was legible with confident. The larger size letter is shown if subject cannot 
read correctly, and the smallest line number that fulfill the confident correct reading was 
recorded. Subjects tell the line number of each chart that can see clearly, and the line 
number is recorded. The same procedure was done to test chart of N5 and N4 
background respectively. Each subject experimented for one time. 
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3. RESULTS AND DISCUSSION 

The legibility data recorded by line number from the experiment was calculated into letter 
height. The results of legibility are shown by letter height of elderly and young form the 
three backgrounds test chart and shown in Table 1. 

The averaged age for elderly and young are 68.4 and 31.0 years old respectively. There 
are 11 elderly subjects and 10 young subjects participated in the experiment. The result 
from all subjects in each groups are averaged in letter height that legible at the distance of 
1.2 meter. The illuminance at the experimental area were averaged 913 lx for elderlies and 
900 lx for young.  
 

Table 1. Legibility of elderly and young in daily situation on 3 backgrounds 

 

      Letter height (mm) 

 Age (avg) Subjects Sex Lx (avg) Dist(m) Nw N5 N4 

Elderly 68.4 11 2M/9F 913 1.2  4.6 6.5 8.7 

Young 31.0 10 4M/6F 900 1.2 1.7 2.0 2.2 

Gap of 
difference      2.9 4.5 6.5 

 

The experimental result showed the legibility in term of the letter height that fully 
legible to the subjects. Legibility of elderlies worse than the legibility of young in all levels 
of background contrasts. The gap of difference become higher with the darker background 
from 2.9 mm on white background to 4.5 mm on N5 background and 6.5 mm on N4 
background. Figure 2. shows the letter height of elderlies and young in different 
background contrast charts. The black circle showed legibility of the elderlies, and open 
circle showed legibility of the young. Lower letter height represents better legibility. This 
imply that elderlies suffer in higher degree than young people if the contrast of stimuli is 
decrease.  
 

 
 

Figure 2. Letter height difference between elderlies and young for test chart in White, 
N5 and N4 backgrounds. 
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4. CONCLUSIONS 

Legibility of elderlies worse than the legibility of young in all levels of background 
contrasts. The deterioration increase for the lower contrast of stimuli. This imply that 
elderlies suffer in higher degree than young people if the contrast of stimuli is decrease. 
For the designing of graphical labels, legibility of elderlies must be concern. Under the 
same illuminance and distance conditions, young designers can put the degree of letter 
height difference or legibility difference shown in this experiment into account for the 
assignment of letter height suitable for elderlies in their design.  
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ABSTRACT
itene  an  itene  ren ering o  o ect  a e een to ic  o  con i era e intere t  ne 

o  t e mo t a cinating re t  in t e erce tion o  ite  i  t e act t at o ect  it  a ig t i  
tint a ear iter t an o ect it  a ne tra  re ection  i  act contri te  to t e i e rea  e o  

ore cent agent  in ite o ect  t at tran er energ  rom t e io et an  tra io et to t e i i e 
e art o  t e ectr m  t  ro cing a ig t c romaticit  i t to ar  e  n intere ting i e 

e ect o  t e increa e  itene  i  t e ee ing o  increa e  minance o  t e ite r ace  oo ing 
at t e  itene  orm a  one can com te a ratio et een t e increa e o  minance an  c ange 
o  c romaticit  t at re t int t e ame increa e o  ercei e  itene  i  re t  o e er  o  or 
t o o ect n er t e ame i minant  

n t i  or  e e ore t e re ation et een t e ercei e  itene  an  ercei e  rig tne  
o  ig t o rce  n a im e et  con i ting o  t o ite o e  o itione  i e  i e  t o et  
o  t o imma e ig t o rce  ere o itione  e ectra o  t e o rce  ere e ecte  c  t at 
t e re ting i erence in t e c romaticit  n er t e i erent ectra a    ne  t e 
re erence  ren ere  t e ite o ect  in t e cene on t e ac  o  ine  i e t e ot er e o  it  e 
i minance ro ce   t e re erence ig t o rce a  e t con tant at one o  t e t ree te t e e  

    an    ing a tairca e roce re t e i minance ro ce   t e ot er ig t 
o rce a  matc e  on t e ercei e  rig tne  o  t e im e cene  t e er  te  in t e tairca e  

t e artici ant a  to eci e ic  o  t e t o im taneo  ie e  cene  a eare  rig ter  e 
o ition o  t e ectra in t e e t an  rig t cene  a  a ance  an  a  t e tairca e  ere inter ea e  

itiona  t o tairca e  it  t e ame ectr m in ot  cene  ere a e  to c ec  or t e 
measurement error of the method.

e re t  o   artici ant  o  a r ri ing  arge e ect o  t e re ati e  o  c romaticit  
c ange on t e ercei e  rig tne  e i minance e e  at ic  t e iter cene oo e  e a  
rig t it  t e re erence a  o n  to e on a erage  o er  e e ect a  in ence  it  t e 
ig t e e  an  a  ma er  at   at o er ig t e e   more intere ting e ect a  o n  

in t e i erence  et een artici ant   ma  gro  o   artici ant  a  mar e  i erent an er  
an  o e  no e ect o  ercei e  itene  on t eir gment o  rig tne
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ABSTRACT 
One of the most fascinating o er ation  in t e erce tion o  itene  is the fact that 
o ect  it  a ig t i  tint a ear iter t an o ects it  a ne tra  re ection  ic  
re te  in a i e rea  e o  ore cent agent  in ite surfaces. The increased 

itene  additionally induces a feeling of increased rig tne  o  t e ite r ace  is 
re t  o e er  i  o n to o  or t o o ects under the same light source  n t i  or  

e e ore t e re ation et een t e ercei e  itene  an  ercei e  rig tne  o  the 
same surfaces it  i erent light sources. ing im taneo  ie ing and an interleaved, 
forced choice staircase procedure, a cene it  t o light sources, producing a chromaticity 
difference of  Δu’v’, a  matc e  on ercei e  rig tne  e matc ing a  one 
for three illuminance levels:   an   . e re t  o   artici ant  o  a 

r ri ing  arge e ect o  t e re ati e  o  c romaticit  c ange on ercei e  rig tne  
The il minance e e  at ic  t e iter cene oo e  e a  rig t it  t e re erence 

a  o n  to e on a erage  o er  e e ect a  in ence   the light level and 
a  ma er  at   at o er ig t e e  No effect of age, gender, or lighting 

e erti e a  o n  o e er  a ma  gro  o  participants had markedly different 
an er  an  o e  no e ect o  ercei e  itene  on t eir gment o  rig tne   

1. INTRODUCTION 
Whiteness erce tion o  o ect  is an important part of the visual experience and has een 
a topic o  con i era e intere t in t e co or or  A  ear  a   an o er ie  a er  

an   cited more than  a er  on t e to ic an  ec i an  Sti e   give 
 i erent orm a  or mea ring ercei e  itene  o  o ect  One of the most 

a cinating re t  in t e erce tion o  ite  i  t at a er ect ite diffuser it   
reflectance in t e i i e a e engt  range  can e ercei e  a  e  ite t an an o ect 

it  a o er re ectance  i  t e o er re ectance o ect a  a ig t i  tint   o e er  
t e re ectance o  t e tinte  o ect i  o ere  in a a  t at ee  t e amo nt o  tint t e 
ame  at ome oint t e er ect ite diffuser i  ercei e  a  iter again  Thus, for the 
erce tion o  iteness, there is a trade-o  et een t e ig tne  o  an o ect an  t e 

amount of i  tint t at ro ce t e ame increa e in ercei e  itene  This trade-off 
ratio can e e timate  rom itene  orm a  t at ta e ot  ig tne  an  c romaticit  
into account, like t e  itene  e ation  . Furthermore, participants in 

itene  e eriment  o ten note t at r ace  t at a ear iter a o a ear ig ter or 
rig ter  

e increa e o  t e erce tion o  itene   i ting t e c romaticit  to ar  e 
a  een e  in t e a er an  te ti e in tr  ere t e nat ra  tint o  t e ra  materia  i  
e o i  From using e es  a  ear  a   rai   the industry has shifted to 
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ing ore cent itening agent  . FWAs transfer part of the ultraviolet and 
-cyan part of the 

ectr m o  i i e ig t or ic  t e man e e i  more en iti e , thus shifting the 
c romaticit  o  t e r ace to ar  e an  increa ing ercei e  itene   

o t o  t e c a ica  or  on itene  a  een on t e erce tion o  itene  o  
o ect  an  t e i mination a  a a  een treate  a  a gi en  e ne  re in e  
intere t in itene  o e er  a  een ri en  t e in ence of the illumination on the 
a earance o  ite r ace  n artic ar  t e in ence o   ig ting on t e 
a earance o  ite r ace  containing ore cent itening agent  a  ro g t to 
attention  among ot er  in e  an  oe   As most  ig t o rce  o not 
emit tra io et an  io et ig t  t e  in t e ite o ect  are not acti ate  ic  
re t  in oorer itene  ren ering com are  to a ig t an  ot er electric light sources. 

e i erence in itene  ren ering o  i erent electric light so rce  a o ring  
differences in the perceived rig tne  o  itene  r ace  i  ring  t e intere ting 

e tion o  t e in ence o  itene  ren ering o  an electric light source on the perceived 
rig tne  o  t e en ironment t at the source illuminates. n t i  or  e present an 

experiment designed to e ore t e e ect t at t e increa e  erce tion o  itene , due to 
activation of FWAs, a  on t e erce tion o  rig tne  o  a im e cene containing ite 
surfaces. 

2. EXPERIMENTAL METHOD 
o in  t e e ect o  increa e  itene  on t e erce tion o  rig tne  e e igne  a 
rig tne  matc ing e eriment ing  ig t o rce  it  an  it o t  

activation. The illuminance in the center of a im e cene a  e  a  a correlate of 
rig tne  an  t e rig tne  matc ing a  one ing im taneo  ie ing. The light 
o rce it  no  acti ation  ca e  t e re erence ig t o rce  a  re ente  at t ree 

preset light levels and the intensity o  t e ig t o rce it   acti ation, called the test 
o rce  a  t ne  ing a tairca e roce re nti  an e a  ercei e  rig tne  a  

achieved. Additionally, to check the measurement error of the method, the same procedure 
a  e  to matc  t e rig tne  o  t o reference sources. 

2.1 Experimental setup 
e e eriment a  con cte  ing t o i entica  ie ing o e  it  t e e erimenta  

ig t o rce  mo nte  in t e center o  eac  o  ot  t e ertica  an  t e ori onta  ane  
o  t e o e  ere co ere  it  standard office paper from t e ame atc  an  a ing t e 
same FWA properties. All the outside edges of the o  ere co ere  it  ac  car oar  
er en ic ar to t e e ge  i  inc e  t e e ge et een t e o e  an  en re  a 
e aration o  at ea t  egree  o  i a  ang e et een t e t o i e  o  t e tim  

Each o  a  t o i erent  ig t o rce  The first, reference, light source a  a 
tan ar  arm ite ot ig t mo e 

  an  i  not acti ate  e econ  te t ig t o rce  a  a ot ig t 
mo e it  added violet radiation to activate FWAs. ot  mo e  ere o itione  at a 
close distance to each other at t e center o  eac  o  an  ere e  it o t a re ector. The 
difference in the chromaticity of the light reflected from the paper under the light sources 

Δ  e ig t o rce  ere ri en ing a  it  ri er connecte  to a 
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com ter  e et  a  ca i rate  an  c ec e  or t erma  e ect  it in t e range  o  
light levels e  in t e e eriment  t e t erma  e ect  ere neg igi e  a e  on t e 
ca i ration mea rement  a tran er nction a  itte  mo e ing t e i minance at t e 
target o ition or a gi en  contro  a e or each mo e ri er com ination   

2.2 Stimuli and procedure 
rom t e ie ing i tance o   meter rom t e ie ing o e  t e artici ant  
im taneo  o er e  ot  stimuli. Eac  o  a  a i e o   egree  i a  ang e it  

a  egree i a  ang e ac  e arator et een t e o e  

e rig tne  matc ing a  one at t ree reference illuminance levels of   an  
  or eac  re erence ig t e e  a range o  ig t e e  for the test light source ere 

defined and a staircase procedure a  used to traverse over the levels. o tairca es per 
re erence ig t e e  ere e  one it  t e re erence on t e rig t side  an  one it  t e 
re erence on t e e t i e  itiona  t o tairca e  ere a e  it  ot  i e  o ing 
the reference o rce an  c anging one o  t e i e  to ro ce a rightness match. All 
tairca e  tarte  rom a ran om ig t e e  o  t e te t o rce ranging rom  to  o  

t e re erence ig t e e   tairca e  ere re ente  ran om  inter ea e  to acco nt or 
o i e re erence ia  o  t e artici ant  t each staircase step, the participants had to 

in icate ic  o  a  ercei e  a  a ing a ig er rig tne  ing t e e t an  t e rig t 
arro  e  on a e oar  e roce re a  e aine  to t e artici ant  e ore the 
eginning o  t e e eriment  The term rig tne  a  not e aine  c  t at a  
artici ant  a  t eir o n inter retation o  t e term  

 
Figure 1: A boxplot of the resulting matched illuminance levels for the three reference 

illuminance levels (150, 300, and 500 lux) in the experiment. 
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2.3 Participants 
 artici ant  it  age  rom  to  too  art in t e e eriment  i e artici ant  ere 

ema e an  t e e o  t e artici ant  ere ig ting ro e iona   artici ant  ere 
mem er  o  t e ta  or intern  o  P i i  e earc  in indhoven, the Netherlands. 

3. RESULTS AND DISCUSSION 
e re t  o  t e e eriment are e re e  a  t e i minance e e  ro ce   t e t e 

test source at the center of the scene for a given illuminance level of the reference source. 
ig re  gi e  an o er ie  o  t e o taine  results. The difference in illuminance et een 

t e re erence o rce an  t e me ian i minance o  t e te t o rce or ic  an e a  
rig tne  a  o taine  a    an   for reference illuminance levels of  

 an    re ecti e  ee ig re . 

The clear effect of the chromaticity change on ercei e  rig tne , as i i e in ig re 
 i  a o orte   statistical testing. All single sample t-te t  or t e ca e  it  
i erent c romaticie  o ed a significant difference from the mean illuminance of the 

reference source    in a  ca e  or t e a itiona  tairca e  it  t e ame te t 
and reference light source, a single sample t-te t i  not o  a igni icant e ect   

 The measurement error a o e en e  on t e ig t e e  an  range  rom   or 
t e o e t ig t e e  to   at t e ig e t ig t e e  ere a  a o no i erence 
et een t e mea rement error in t e reg ar ca e  an  t e a itiona  ca e ere t e 

reference light source a  e  ot  a  a re erence an  a  a te t source. 

 
Figure 2: A boxplot of the resulting matched illuminance level for the illuminance levels in 

the experiment for the group of 3 participants not showing a significant effect. 
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No significant effects of age, gender, or lighting expertise ere o n  ing an  
procedure.  A hierarchical cluster analysis procedure identified a small group of three 
artici ant  it  mar e  i erent an er  t an t e re t o  t e participants. The results of 

the partici ant  in t i  gro  ere igni icant  ig er t an t e ot er artici ant  an  
o e  no igni icant i erence rom t e i minance o  t e reference source for all light 

levels. ig re  e icts the result of this group of participants. It is interesting to estimate 
the size of this group in the general population as the size estimated from this experiment 
can e ia e  e to t e e ection o  t e artici ant  in t e e eriment  

e re t  o  t at or an a erage o er er  t e acti ation o   not on  increases 
t e erce tion o  itene  o  r ace  t a o t e o era  rig tne  o  t e rro n ing 
t at contain  ite r ace  on e ent  an e i a ent rig tne  im re ion can e 
o taine   ing  to  e  inten it  i  re t can e articularly important in 
a ication  ere ot  t e ercei e  rig tne  an  t e nat ra  itene  ren ering o  
surfaces is important, as for example is the case in fashion retail. In this case, only using 
t e i minance in t e ace co  e a oor in icator o  t e ita i it  o  a ig t o rce. 

or more acc rate  re icting t e o ect a  e  a  ace appearance, itene  ren ering 
an  in artic ar t e acti ation o   a e to e ta en into acco nt  

 4. CONCLUSIONS 
We present results of an experiment t at a  e igne  to e ore t e c ange in rig tne  
a earance ca e   c ange o  i mination t at re t  in a c ange in itene  
erce tion    ig t o rce t at acti ate  ore cent itening agent  a  o n to 

matc  t e rig tne  o  a  ig t o rce t at oe  not acti ate  it   to  
less intensity. o e ect o  age  gen er  or ig ting e erti e a  o n  o e er  three 

artici ant  a  mar e  i erent an er  an  o e  no e ect o  ercei e  itene  
on their rig tne  gment  e re ente  re t  o  t e nee  o  ta ing t e itene  
rendering of electric ig t o rce  into acco nt en com aring the perceived rig tne  
they produce. 
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ABSTRACT
n i e common  mentione  mart ig ting it  t e r o e o  energ  a ing  ,the optimal 

i a  mart ig ting can ro i e i erent  con ition  o  ig t  or i erent o ect  to ac ie e 
t e e t i a  re erence ic  i  gi en a  Pre erence ig tne  at ration . This smart 
ig ting contain  t o ma or art  name  t e co or en ing nit an  namic  ig ting nit  e 

namic  ig ting nit i  com o e  o  c anne   can ro i e t e ig t con ition  o   
、 、 、 、 、 、 、 、  an  e corre-

on ing co or ren ering in e e  o  t e e ig ting con ition  are greater t an  e co or en ing 
nit a   en or  to co ect t e ra  ata o  t e re on e  a e  o  t e    en or  o  t e 

o ect i minate   i erent  o  ig t  o o e   a roce  o  con erting t e e   a -
e  to t e tri tim  a e    an   o  t e o ect  a correcting matri  o taine  rom a training 
et o   ict re  an  t en to tran er t e t i tim  a e  to at ration  ig tne  an  roma  t r  

a im ifie  orm a ic  can e e ec te    micro roce or   t e a e  o  t e re er-
ence o  t e o ect ig te   t e ten ig t con ition  are o taine  accor ing to at ration  ig tne  
an  roma  e ig t it  t e arge t re erence a e i  t e e t one  n e eriment i  con cte   

 ect  to e a ate t e re erence core range  rom  to  o  a ict re i minate   i erent 
ig ting con ition  i  ecti e e a ation re t i  t e ame a  t e re t o taine  rom t e ro-
o e   mart ig ting  

 artirano  igi   mart ig ting contro  to a e energ  nte igent ata c i ition an  ance  om ting 
S tem  S    t  nternationa  on erence on  o    
 ar a  Sac in   ce e i  an  o an ien  Smart ig ting ing  minarie  Per a i e om ting 
an  omm nication  or o  P  or o   t   nternationa  on erence on   
 Patricia a e  ert e ra ian   ect  o  o or on motion  o rna  o  e erimenta  c o og  genera  

o  o  

Smart lighting providing different optimal visiual 

illumination for different objects 

Neng-chung HU,   Horng- ing iao,   i- i S   
 e t  of electronic engineering, ationa  ai an ni er it  o  Science and 

Technology, ai an 
  e t  of electrical engineering, ationa  ai an ni er it  o  Science  

and Technology, ai an 

ABSTRACT 

n i e common  mentione  mart ig ting ith the purpose of energy saving, the 
o tima  i a  mart ig ting can ro i e i erent  con ition  o  ig t  or 

i erent cene  to ac ie e t e e t i a  re erence ic  i  gi en a  Preference =
𝑊𝑊1 · Lightness +𝑊𝑊2 · Saturation.  

1. INTRODUCTION 

When mentioned “Smart lighting”, it always denotes the lighting provides different 
energy saving functions depending on different purposes. In this energy saving smart 
ig ting  it contain  a ite ig t i mination an  a en or tem to en ing t e 

environment to give more light or less light for energy saving  o e er  in this article, 
e mean t e mart ig ting t at i  ro i e illuminations of different color 

temperatures, and the detemination of ic  illumination is ita e for a given scene 
depending on the preference of the scene shined  i erent co or tem erat re  o  
lights. 

2. METHOD 

i  mart ig ting contain  t o ma or art  name  t e co or en ing nit an  namic 
 ig ting nit  e namic  ig ting nit i  com o e  o  -c anne   that 

can provide the light conditions o   、 、 、 、 、

、 、 、  and . The corresponding color rendering 
in e e  o  t e e ig ting con ition  are greater t an  e co or en ing nit a   
en or  to co ect t e ra  ata o  t e re on e  a e  o  t e -  -  - sensors of the 

scene i minate   i erent  o  ig t  o o e   a roce  o  con erting t e e 
-  -  - a e  to t e tri tim  a e    an   o  t e cene  a correcting 

matri  o taine  rom a training et o   ict re  t e correcting matri  i  a  o o  
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=  

=  

, ere  are the calculated tristimulus a e  o  t e cene o taine  rom t e 
sensor. These values are to approximate the true tristimulus values of the scene. Then 
the calculated tristimulus values are transfered to at ration  ig tne  an  roma  
t r  a im i ie  orm a ic  can e e ec te    micro roce or  ig tne   
is given as = 𝑊𝑊 +𝑊𝑊  ere 𝑊𝑊  and 𝑊𝑊  are eig ting actor  an  
different  a  i erent eig ting actor  Sat ration i  gi en a  S = 2

2 +

1 +  , ere = + . Thus, the values of the preference of 
the scene ig te   t e ten ig t con ition  are o taine  accor ing to at ration  
ig tne  an  roma as Preference = 𝑊𝑊1 · Lightness + 𝑊𝑊2 · Saturation. The light 
it  t e arge t re erence a e i  t e e t one  e oc  iagram the smart lighting 

i  o  in Fig  .  

 

RGB sensor 

receives the 

reflected light 

RGB-value * 

B Matrix

=tristimulus

Lightness

=Y*WL+W0

Nonlinear 

equations of 

Saturation

Preference =

W1 * Lightness + 

W2 * Saturation

 Preference is 

the largest ?

 Y-value 

Saturation

Use the 

light
Yes

Lightness 

Another light NO

 

ig  e oc  iagram o  t e mart ig ting  

n e eriment i  con cte    ect  to e a ate t e re erence core range  rom 
 to  o  a ict re i minate   i erent ig ting con ition  i  ecti e e a ation 

re t i  t e ame a  t e re t o taine  rom t e ro o e   mart ig ting   
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1 +  , ere = + . Thus, the values of the preference of 
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RGB sensor 

receives the 

reflected light 

RGB-value * 

B Matrix

=tristimulus

Lightness
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Saturation
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W1 * Lightness + 

W2 * Saturation

 Preference is 
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 Y-value 
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light
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Another light NO

 

ig  e oc  iagram o  t e mart ig ting  

n e eriment i  con cte    ect  to e a ate t e re erence core range  rom 
 to  o  a ict re i minate   i erent ig ting con ition  i  ecti e e a ation 

re t i  t e ame a  t e re t o taine  rom t e ro o e   mart ig ting   

3. RESULTS AND DISCUSSION 

 

Five test pictures are for testing to see et er the selected optimal  i  t e ame a  
t e met o  e ecte    ect   e can ee t e  e ecte   calculative 
preference according to  and S i  e act  t e ame a  e ecte   ecti e met o  

4. CONCLUSIONS 

n  mart ig ting it   i erent  con ition  an  a co or en ing tem i  
proposed. For different scenes, the smart lighting etermine t e o tima  ig ting  
con ition a e  on t e e t re erence a e o  t e gi en cene ine   t e ten 
lig ting  con ition  Thus, for a giving scene, the smart lighting selects a lighting 
con ition it  t e e t re erence or t e cene. 
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Prediction of Acceptable Lightness Difference in Painting on 
Automobile Surface with Different Materials Based on Multi-angle 

Measurement
Kohei WAKAI

re nno inc

ABSTRACT
t i  i ic t to ge et er ariation in co or occ rring at a coat ormation roce  i  

it in an acce ta e range  en i  e e amine art  i a  an  t eir co or a ear  fine  it o  
a ear i erent en t e  are a em e  into a car  oreo er  e o ten ge t eir co or ing co or 
measurement apparatus, the measurement cannot necessarily reflect the color acceptance correctly. 
Since t e mea re  co or i  on  re erence in ormation  e a a  a e to oo  at an  c ec  a car 
act a  a em e  i  i  ine ficient an  ca e man  re triction  en e  t o e art  rom 

i tant actorie  t i  e a great e  to engineer  in t o e actorie  i  e can re ict et er t e 
co or o  art  i  correct on   a mea re  co or i erence

  Paint  or car  a ear to e i erent co or en a ie ing ang e c ange  ne o  rea on  
 an inacc rate gment or t e co or o  aint  i  eca e t e i erence i  ge  on   a co or 

mea re  it  a i e  ang e  ere ore  it o  e e ecti e to e a m ti ang e mea rement   
ana e  t e co or mea rement ata o  e ic e  ma e at a actor  an  e amine  t e re ation et een 
ig tne   an  acce ta e e ta  o  t e ainte  r ace o  meta o  an  a tic art  

  e range o  acce ta e e ta  c ange  it  ainte  co or  Some aint  o  arger 
acce ta e e ta  range t an ot er  en  i  ig  t e n m er o  co or  it  arge acce tance 
range o  e ta  increa e  in genera  t t ere are ome e ce tion  ig tne  o er e  at fi e ang e  

i er  e  ecome ig er i  t e mea ring ang e i  c o e to a ec ar re ection ang e  an  ice 
er a  ot on   o  t e rig te t an  t e ar e t ang e i er  t t e ar  a ro imate c r e  o  

 in a mi e ang e range i er
 e o n ar  o  acce tance an  nacce tance a  com are  to t e com ination o  t e e eat re

 a re t  it i  gge te  t at t ree eat re  can e ain t e acce tance range o  e ta  o  i e 
ang e  an  eac  ang e  coe ficient i  ca c ate  a e  on ang e i erence rom ec ar re ection 
angle.

 or a co or it  a ig i erence o   et een t e rig te t an  t e ar e t ang e  t e acce tance 
range o  e ta  ecome  arger
   rom a mi e ang e goe   ra i  t e acce tance range o  e ta  ecome  arger
  t e  o  r ace i  ig er in eac  ang e  t e acce tance range o  e ta  ecome  arger

 o or mea rement a arat  a  o tain co or i erence a e  on ata at a artic ar ang e 
in ite o  ang e e en enc  in co or  i n er tan ing o  e ca e  i  a co or i erence i  
ca c ate    o e  a e  on t o e ata i erence o  e ta  near act a  a earance ma  
e re icte   correcting ca c ation ing t i  met o

 

Prediction of acceptable lightness difference in painting 
on automobile surface with different materials based on 

multi-angle measurement 
Kohei Wakai  / Cre-Inno.inc k-wakai@shikisa.com  

ABSTRACT
It is difficult to judge whether variation in color occurring at a coat formation process is 
within an acceptable range. Even if we examine parts visually and their color appears fine, 
it would appear different when they are assembled into a car. Moreover, we often judge 
their color using color measurement apparatus, the measurement cannot necessarily reflect 
the color acceptance correctly. Since the measured color is only reference information, we 
always have to look at and check a car actually assembled. This is inefficient and cause 
many restrictions when we supply those parts from distant factories. It will be a great help 
to engineers in those factories if we can predict whether the color of parts is correct only 
by a measured color difference. 

Paints for cars appear to be different color when a viewing angle changes. One of reasons 
why an inaccurate judgment for the color of paints is because the difference is judged only 
by a color measured with a fixed angle. Therefore, it would be effective to use a multi-
angle measurement. I analyzed the color measurement data of vehicles made at a factory, 
and examined the relation between lightness L* and acceptable delta L* of the painted 
surface of metal-body and plastics-parts . 

The range of acceptable delta L* changes with painted colors. Some paints shows larger 
acceptable delta L* range than others. When L* is high, the number of colors with large 
acceptance range of delta L* increases in general, but there are some exceptions. Lightness 
observed at five angles differ. They become higher if the measuring angle is close to a 
specular reflection angle, and vice versa. Not only L* of the brightest and the darkest angle 
differs, but the upward approximate curves of L* in a middle angle range differ. 

 The boundary of acceptance and unacceptance was compared to the combination of these 
features. 

As a result, it is suggested that three features can explain the acceptance range of delta L* 
of five angles, and each angle's coefficient is calculated based on angle difference from 
specular reflection angle. 

1) For a color with a big difference of L* between the brightest and the darkest angle, the 
acceptance range of delta L* becomes larger. 

2) If L* from a middle angle goes up rapidly, the acceptance range of delta L* becomes 
larger. 

3) If the L* of surface is higher in each angle, the acceptance range of delta L* becomes 
larger. 

Color measurement apparatus usually obtain color difference based on data at a particular 
angle in spite of angle dependency in color. Misunderstanding would be caused if a color 
difference is calculated by CIELAB solely based on those data .Difference of delta L* near 
actual appearance may be predicted by correcting calculation using this method. 
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1. INTRODUCTION 
 An automobile usually uses both metal and plastic as the exterior material. For 
example, a bumper is made of plastic, while a rear fender is made of the same material as a 
body structural part; and thus these will be painted in separate processes.   

 Once completed, a car should appear to be a single color product, and so we strive to 
have the colors on two different materials look the same now and in the future.   

 It is said to be ideal to use a color measurement apparatus to quantitatively evaluate 
color variations that can be generated during the manufacturing process, so that the 
variation can eventually be brought below an acceptable level and made less noticeable. 
This method, however, fails to coincide with the result of visual inspection, and needs to 
be improved. 

 In the current study, I formulated an equation to estimate the acceptable range in the 
lightness of any painted color, based on a comparison between visual inspection and a 
measured color value. The equation includes inclinations between acceptance angles and 
looseness as the parameters. Some other consideration other than the lightness correction 
might be needed for a perfect formulation, though, hopefully the method I propose here 
will help control any color variation which might be generated during the manufacturing 
process.  

2. MULTI-ANGLE COLOR MEASUREMENT 
  Many paints used for automobiles change lightness or color if looked at from 
different angles. To prevent such variation, the painted surfaces are often examined using 
color measurement performed at multiple acceptance angles and entrance angles. At most 
automobile manufaturing companies, a portable type spectroscopic multi-angle color 
measurement apparatus with 45-degree incidence and five acceptance angles, X-Rite 
MA68  (Figs. 1 & 2), is used.    

   Measurement using this apparatus provides higher reflection intensity at an 
acceptance angle of 15 or 25 degrees, which is closer to the specular direction, rather than 
at the angle of 45 degrees, which is perpendicular to the painted surface; and lower 
reflection intensity at an acceptance angle of 75 or 110 degrees which is farther away from 
the specular direction.  

The reflection intensity experimentally obtained for each wavelength is converted 
using tristimulus values Y to a certain value, which is then converted in terms of L* to get 
the relation of the lightness to the angles as shown in Fig. 3. 

Fig. 1 X-RiteMA68  

 

Fig. 2 Optical System of Color Measurement Apparatus  
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  The case of a silver metallic color shows a highly-curved line over all the angles 
between 15 and 110 degrees. The case of white pearl shows a line where the lightness 
increases beyond 45 degrees, and solid colors show a flat line.  

3. CHANGE DURING PAINTING PROCESS 
     Paint of the same color might end up on painted surfaces as different colors due to 
many factors in a painting process.  

  The most significant change appears in lightness, which is hardly ever uniform over 
all the acceptance angles. The color measurement shows, for example, that L* at 45 
degrees changes only by 0.3, while L* at 15 degrees changes more than 3.0. If we used an 
apparatus which could measure only at 45 degrees in order to establish a threshold, we 
couldn’t make a right judgment, because intrinsically a color space coordinate is defined so 
that a delta L* shall not exceed 0.3. Fig. 4 shows color differences in silver metallic 
colored paint when the painting conditions are changed. Target samples "tar" decreases at 
15 and 25 degrees than "ref", but increases at 75 and 110 degrees adversely.The difference 
in lightness that is typical of metallic colored paints can be said to have become smaller.  

4. DIFFERENCE BETWEEN DIFFERENCE IN LIGHTNESS (⊿L*) AND 
ACCEPTABLE RANGE 

Color measurement can detect differences, yet even a difference of 3.0 in the delta L* in 
automotive paints doesn't usually come across as a big difference upon visual inspection, 
which is sometimes seen as a failing.  However, by classifying the visual inspections and 
results of color measurement according to the kind of paint, I found that although there 
was a relationship between the delta L* value at which visual inspection resulted in a No 
Good judgment and the lightness of the paint, the type of paint involved had an even 
bigger impact.  

Fig. 5 has a vertical axis with the delta L* value for multiple automotive parts that 
passed visual inspection and, of the various acceptance angles at which paint lightness was 
measured (for example, L* = 65 at 45 degrees, L* = 99 at 25 degrees, and L* = 120 at 15 
degrees), charts the results for 15 degrees only. 

Fig.4 Example of Change in Silver-Metallic ProcessFig. 3 Silver Metallic, White Pearl, and Solid  
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5. CHANGE OF LIGHTNESS OF PAINT COLOR (15 TO 110 DEGREES) AND 
ACCEPTABLE RANGE OF DELTA L* 

I looked into the possibility of explanatory factors other than the relation among 
paint color type, L*(Paint Color lightness), and acceptable range of delta L*. The extent of 
the change of lightness depends on the paint color. A comparison of the acceptable range 
of delta L* with L*d, which is the difference between the lightness at 15 and 110 degrees 
and is substituted into the horizontal axis (Fig. 6), showed that the larger the L*d, the 
larger the visually acceptable range of delta L*.  

Fig. 5 Acceptable Range of Delta L* vs. Paint Color Lightness L*. Left: Metallic, Right: Pearl  

Even if there is difference in color measurements, visual inspection may show no difference, allowing the painting to 
pass the inspection. 

The difference is less noticeable for the metallic painting than for the pearl painting. 

Metallic 15deg Acceptable Range of Delta L* Pearl 15deg Acceptable Range of Delta L* 

15deg  L* 15deg  L*

Fig. 6 Acceptable Range of Delta L* vs. Change of Paint 
Color Lightness L*d  

Fig. 7 Acceptable Range of Delta L* vs. Lightness 
Looseness Coefficient W  

All Color 15deg Acceptable Range of Delta L* All Color 15deg Acceptable Range of Delta L*

. Lightness Looseness Coefficient W . Change of Paint Color Lightness L*d
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6. LOOSENESS COEFFICIENT FOR LIGHTNESS CHANGE CURVE AND 
ACCEPTABLE RANGE OF DELTA L* 

The five acceptance angles can provide information not only on the maximum and 
minimum lightness but also on changes partway.  

Since the curved line is similar to a catenary, I formulated Equation (1) with an 
angle as a variable; using Ld, which is the change of paint color lightness (L*15 – L*110) as 
discussed in the previous section, as a gradient; and L*110 as an intercept. The looseness 
coefficient W was then obtained from the values L*25, L*45, and L*75. 

 

 

    

    

    
 

The results show that W 1 for the solid color, W 4 for the silver metallic color, 
and W 8 for the pearl white color, which shows a sharp upward curve. The visual 
acceptable range of delta L* shows that the relations seem to be inversely proportional, 
except in the case of the solid color.  

7. ESTIMATING ACCEPTABLE RANGE OF DELTA L* USING THE RELATION 
BETWEEN DIFFERENCE OF LIGHTNESS AND CURVE SHAPE 
A multiple regression analysis was conducted. Only L*d, L*r, and W were 

significant as shown in Fig. 8. Saturation was insignificant. 

The size of the significant L*d, L*r, and W may help accurately predict the relation 

between the difference perceived in visual inspection and the delta L* obtained from 
measurement.  

If each coefficient for the acceptance angle r is expressed as Sdr , SLr , and Swr, 

 ⊿

 Equation (2) indicates an estimated value.  

Fig. 8: Multiple regression analysis of acceptable range of lightness/saturation of paint viewed from five angles.  
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The coefficients for r=15, r=25, r=45, r=75, and r=110 obtained by multiple 

regression analysis are expressed in Equations (3) to (7), which all consist of positive 

values. 

⊿

⊿

⊿

⊿

⊿  

 

 To express the relation between an 

arbitrary aspecular angle (r degrees) and 

Sdr, SLr , and Swr, an equation using the 

exponent function is formulated.  

  The relation between Ld and r is 

approximated by a sigmoid function to 

get Equation (8).  

  

 The relation between SLr and r 

shows an almost straight line.  

    

The relation with W is expressed using the combination of an exponent and a 

primary expression.  

   

The results of Equations (8) to (10) are plotted in Fig. 9. 

8. CONCLUSIONS 
  The closer the aspecular angle is to specular (0), the brighter the reflected light is 

for visual inspection and the more difficult the recognition of difference of lightness is. 

One of the objectives of the current study is to propose how to interpret the difference of 

lightness obtained by multi-angle color measurement.  

  Here, I showed that aspecular angles allow the calculation of lightness, change of 

the lightness, and weighted amount of the speed of the change for the measured aspecular 

angles. This method will help estimate the acceptable range of lightness with significantly 

better accuracy. 
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Fig.9: Relation between Each Coefficient and Aspecular Angles
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eri era  i ion enefit more rom i mination o  ertica  r ace  ere a com ination o  ig t an  

co o r ma e  t e room egi e
 ne  efinition o  ig ting criteria nee  to e a e  on an n er tan ing o  o  t e i a  

erce tion nction  o  to meet ot  t e etai  i ion  nee  o  ig er ig t e e  an  t e eri era  
i ion  nee  o  a egi e atia it  ere ore  t e criteria a  to inc e a com ination o  arameter  
c  a  t e ig t i tri tion  ig t e e  an  t e ro ertie  an  t e co o r o  t e re ecti e r ace  

an  o  t e  toget er create a goo  ig ting en ironment ita e or man i ion
e t  i  con cte  in t o a e  e ir t a e i  a i ot t  ere ma  gro  

o  eo e i  inter ie e  in t eir or  en ironment  in or er to in  o t o  t e  e erience t eir 
or  ace an  to at e tent t e ig ting a ect  t e e erience  e i ot t  oe  a o inc e a 

iterat re o er ie  on re e ant re earc  in t e fie  o  ig t  co o r an  i a  erce tion  n t e econ  
a e  carrie  o t it  ot  antitati e an  a itati e ca e t ie  in an o ice en ironment 
ere t e ect  are te te  in t o t e  o  room etting  ne corre on  to t e ig ting tan ar  

t at are e  to a  an  t e ot er a  a ig t an  co o r e ign a e  on i a  a itie  an  atia  
erce tion  an  t e energ  con m tion i  e mea re  in ot  room etting

i al Percep ion and Cri eria for Good Lig ing 
Johanna ENGER 1 Anahita DAVOODI 1

1 n ing Sc oo  o  ngineering 

A STRACT 

e t  i  con cte  a  a ro ect in a P ro ect tit e  riteria or oo  ig ting  
e o era  aim o  t e t  i  to  a e  on i a  a itie   rat er t an ica  

mea rement   re earc  t e o i i it  o  creating ig ting en ironment  t at in ire  
com ort an  meet  nction i e ro i ing energ  e icienc  e t  eci ic 
o ecti e i  to i enti  an  orm ate criteria or a goo  ig t en ironment a e  on i a  

a itie  an  to create a ig t im ator a e  on t e e criteria
i  a er e cri e  t e im emente  i ot t  an  t e a i  or t e ca e t  in 

t e ne t a e  e met o  a  een e igne  rom t e er ecti e o  ig t an  co o r a
t o actor  t at co ecti e  create i a  im re ion  an  e erience o  t e room  

e ac gro n  i  t at ig ting e ign to a  o o  ig ting tan ar  an  norm  that o ten 
are a e  on otometr  P otometr  e cri e  t e e e  en iti it  to ig t in i erent 
re encie  o  ig t ra iation an  o  e  it i  o i e to i cern etai  in i erent 

amo nt  o  ig t ra iation   a too  or ig ting e ign t e otometr  an  t  c rrent 
tan ar  are artia ina e ate eca e it i  main  a e  on t e etai  i ion  nee  o  
ig  ig t e e  t it i  t ro g  t e eri era  i ion e n er tan  t e ace  an  it 

occ r  rimari  en t e e e regi ter  i erence  et een contra t  in rig tne  an  
co o r   ne  e inition o  ig ting criteria nee  to e a e  on an n er tan ing o  o  
t e i a  erce tion nction  o  to meet ot  t e etai  i ion  nee  o  ig er ig t 
e e  an  t e eri era  i ion  nee  o  a egi e atia it  

e t  i  con cte  in t o a e  e ir t a e i  a i ot t  ere ma  gro  o  
eo e i  inter ie e  in t eir or  en ironment  in or er to in  o t o  t e  e erience 

t eir or  ace an  to at e tent t e ig ting a ect  t e e erience  A iterat re 
o er ie  a  carrie  o t on re e ant re earc  in t e ie  o  ig t  co o r an  i a  
erce tion  n t e econ  a e  a ca e t ie are con cte  in an o ice en ironment 

ere t e ect  are inter ie e in i erent room etting  

1. INTRODUCTION 

e o ecti e i  to etter n er tan  man i a  erce tion in or er to create more 
e icient ig ting e ign a a te  to man nee e aim i  to in  a it  mea re  t at 
re ate to man erce tion an  e erience an  e e o  criteria or goo  ig ting a e  on 
t e man i a  erce tion   

1.1 Level  of percep ion 
e recei e an  roce  t e im re ion  o  t e o t i e or  t ro g  a  t e en e  on 

e era  e e   im taneo  io ogica  an  io ogica  a  man  are ite 
imi ar  t e are a o ocia  an  c t ra  eing  an  a o it  in i i a  re erence  

nee  an  e erience  n en ironment t at i  create  a e  on man nee  o  
inc e a  t e e a ect  ig  1) 

1 
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Figure 1: Levels of Perception (J. Enger) 

e erce tion o  ig t an  co o r i  a com e  roce  t at i  not et com ete  
n er too  an  it can not e e aine  o e   t e e e  en iti it  to i erent e e  o  
ig t ra iation  ig t ra iation emitte  rom ig t o rce  an  rom re ecting r ace  it  
i erent co o r  an  te t re  it  t e retina an  i  con erte  to i a  im e  o  ig t an  

create  erce tion o  ace  i a  erce tion com ine  t e im re ion o  irect ig t and 
re ecte  ig t  ic  toget er create t e o era  a earance o  t e room an  t e ig t and 
co o r e erience  ig t ra iation i  a ica  conce t an  can e mea re  in a o te 
term  erea  t e e erience o  ig t i  a re ati e e erience create   t e i a  
erce tion  Sim taneo  contra t i  a e  no n e am e o  o  t e erce tion o  
rig tne  i  create  in t e i a  en e en a co o r gi e  t e im re ion to ar  in 
rig tne  re ati e to t e rro n ing co o r tone  ig   

r erce tion o  ig t an  co o r a o a  an emotiona  a ect  i e t e erce tion o  
ig t i  a rere i ite or  to orient in a ace  t e c aracter o  ig t a o create an 

atmo ere o  t e room t at a ect   ot  a  c t ra  an  ocia  eing  e onging to a 
artic ar gro  an  a o a  in i i a  i  a ect ma  e a  im ortant a  t e 

io ogica  or t e e erience o  an en ironment   t e e erience o  ig t i  con i ere  
to e a en o  roce  t at ta e  ace on e era  e e  a o i tic er ecti e i  nee e  
in or er to e ine criteria or a goo  ig t en ironment  

Figure 2: Simultaneous contrast. The grass has a solid grey tone but seems to shift in hue 
depending on the gradient in the background. 
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. MET OD 

.1 Pilo  d  
n a re iminar  t  i  eo e o  mi e  gen er age   to  ear  ere inter ie e  

a o t t eir e erience o  t e en ironment an  ig ting con ition  o  t eir or tation  
Se era  t ica  o ice  ere re re ente  in t e i ot t  c  a  ri ate o ice  an  o ice 
an ca e  t eac  occ rrence t e i minance a  a o mea re  ot  at t e or ace 

an  in t e center o  t e room  e aim o  t e t  a  to o tain a a i  or t e anning o  
t e ca e te t room  o  t e ro ect  econ  a e   

e inter ie  egan it  a r e  in ic  t e ect  ere a e  to an er o en 
e tion  a o t o  t e  ercei e t eir or  en ironment in genera  an  t e ig ting 

it ation in artic ar  i  a  emente  it  a orm in ic  t e  ere to an er
e tion  a o t t e c aracter o  ig t in t e room  e e tionnaire a  a e  on t e 

met o  o  ana i  P  ar n  e re on ent  ere a e  to an er 
e tion  a o t  or e am e  ercei e  ig t e e  an  ercei e  ig t co o r  a o  an  

ig t i tri tion   more etai e  ana i  o  t e ame t e it  a etai e  e cri tion o  
t e room a  t en carrie  o t  t e inter ie er in or er to o tain com arati e materia  

.  Scenario
e aim o  t e ca e t  i  to e amine t e o era  e erience o  ig t  co o r an  
ace a e  on t e t ree e e  o  erce tion  e o ecti e i  to i enti  a n m er o  

i erent aria e  t at toget er a ect t e ig t an  atia  e erience  to categori e t em
an  to e ore o  t e e re ate to t e otometric a e  

n t e t  emotiona  a e  are o  e a  re e ance a  t e erce t a  im re ion  e 
t  i  con cte  in o ice room  o  tan ar  t e an  e igne  to create a i tinct 

atmo ere it  t e or ic ig t a  a t eme

.  Nordic Lig  

e or ic ig t i  e  a  moti or t e e ign eca e it o er  great namic  an  
ar ing ig t it ation  et een ea on  an  i erent time  o  a  t at can e tran erd to 
cenario  e cenario  a o re ate to e era  e am e  o  t ica  interior ig ting t at 

a ea  to i erent gro  o  eo e  

In the e a  Nordic Daylight Pro e or ar ara at ia in e tigate  t e c aracter o  t e
or ic ig t in or er to in  o t et er an  o  it i er  rom t e ig t in ot er 

geogra ica  ocation  at ia   ri e  nter   e t  e cri e  t e arti t  
ren ering o  t e or ic ig t a  e  a  e timation  o  t e n  ang e o er t e ear an  
c imate ata or t e nort ern emi ere  e conc ion i  t at it i  o i e to i enti  
certain c aracteri tic  o  t e ig t at nort ern atit e   arge art o  t e ear  t e n
a ear  rom a o  ang e ic  create  i tinct a o  in an ca e  an  te t re  an  
gi e  a arm ig t co o r en t e ig t i  re racte  in t e atmo ere  e e o r i  a 
conce t t at i  a ociate  it  nort ern co ntrie  an it a o a  it  ica  e anation  

 t e n goe  o n n er t e ori on it contin e  to ig t  t e  t at re ect a
i  ig t to t e eart  not er eat re t at c aracteri e  t e ig t in t e or ic co ntrie  

are ong erio  o  o erca t  t at gi e  a i e  an  contra t ree  ne tra  ig t

n te t room  t e i erent ig t c aracter  are ortra e  in o r i erent cenario   
S n et  ertica  ig t it  arm ig t co o r t at gi e  ong a o  an  materia  it  a 

 
1207

AIC2015 TOKYO - Color and Image



m te  co o r a ette o  arm tone   e o r  in irect i  ig t  o  ig t e e  
o  ace  ig t o rce  it  arm ig t   erca t  i e ne tra  an  contra t ree 

ig t  o o r  are ainte  in a e  o  gra  it  ar  gra  an  ac  accent   
i mmer  ig  e e  o  ig t rom a ig t o rce it  ig  acement  e ati e  arm 

ig t co o r an  i tinct a o  ateria  in i i  mo t  rig t co o r ig  ) 

Figure 3: Nordic Light Scenarios (J. Enger) 

.   i al concep  
Se era  re earc er  an  ot er in i i a  it  no e ge o  ig t a e i enti ie  t e nee  
to orm ate conce t  t at e cri e t e i a  im re ion o  ig t in an en ironment  et 
t ere i  ti  no i e  acce te  or com ete tem o  conce t  or ig t e erience

ri to er tt e a  t ie  t e re ation i  et een ig t an  i a  erce tion an  
re ent  t o gro  o  conce t  t at can e e  a  a too  in t e e ign roce  n 

im ortant o er ation i  t e i tinction et een t e ig t  atia  i tri tion e cri e  
it  o  an  ar ne  an  t e ig t  a i it  to ren er o ect  a ing  ig ig t an  
a o  tt e   

e or ic re earc  ro ect S S e e o e  a met o  to ana e an  e cri e ig t 
an  atia  e erience ca e  P  Perce t a  S atia  na i  o  o o r an  

ig t  e met o  i  not to e a ate t e a it  o  ig t  t to ana e t e c aracter o  
ig t it o t e a ating t e re t  e i a  conce t  e  in t e met o  are  ig t e e  
ig t i tri tion  a o  ig t atc e  ec ar re ection  g are  co o r o  ig t an  

r ace co o r  ar n   

.   Sen or  cience and an ei Engineering

t er i ci ine  a e create  met o  to not on  ana e t e c aracter o  a en or  
e erience  t a o anti  an  a e  t e o tcome  e t o e am e e cri e  ere a  
een e e o e  to ro i e a a i  or ro ct e e o ment an  timate  mar eting  e 
r o e o  t i  t  i  not eci ica  oc e  on mar eting trategie  t t e ana e
e  in Sen or  Science an  an ei ngineering are er  ita e an  o i e to a a t in 

t i  conte t

Sen or  Science i e cri e  a t e cience o  at e can e erience it  o r en e  
an  inc e  met o  to e re  e a ate an  categori e t e en or  e erience 

ta on  t  a   e i ci ine a  a trong connection to ga tronom  an  t e 
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e  in Sen or  Science an  an ei ngineering are er  ita e an  o i e to a a t in 

t i  conte t

Sen or  Science i e cri e  a t e cience o  at e can e erience it  o r en e  
an  inc e  met o  to e re  e a ate an  categori e t e en or  e erience 

ta on  t  a   e i ci ine a  a trong connection to ga tronom  an  t e 
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an ei ngineering  a o no n a  a ecti e engineering a  origina  e e o e  in a an 
an  it i  a met o  e  to e a ate ro ct  a ecti e a e  e i ertation Engineering 
Emotional Values in Product Design t e a t or ma e  t e e inition  e main ta  i  to 
tran ate ee ing  erce tion  in i i a  e erience  an  n er tan ing  into ar  
mea rement  an  mat ematica  mo e  ic  in t rn a e to e a i ia e ing ot  
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nee a eci ic target gro

.  E peri en al Proced re
e ca e t  i  carrie  o t in ma  o ice  it  i entica  a o t an  rnit re o  

tan ar  t e  e ig ting e ign an  t e co o r c eme i  a e  on t e o r cenario  
e cri e  a o e  t t e rnit re an  ot er in entor  are ne tra  are  mea rement  o  
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. RESULTS AND DISCUSSION 

e o tcome o  t e i ot t  ma e it c ear t at a arene  o  ig t an  t e nee  a goo  
ig t en ironment arie  et een i erent eo e  an  a o er ona  re erence in term  o  
ig t c aracter in t e or  en ironment  Some eo e c ear  e re e  t at t e  ante  

an e en ig t an  ig  ig t e e  in t e room  i e ot er  re erre  a e  ig t rom 
man  o et ig t o rce  Some o  t e inter ie ee  ere a e to c ear  e ine t eir 
nee  i e ot er  arg e  t at ig t oe  not a e m c  e ect on t e or ing 
en ironment  e re t  o  t e ana i  orm a o o e  t at t e inter ie ee  an  t e 
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inter ie er a  a  t e ame e erience o  t e room  ig t e e  t t at t e mea re  
i minance not a a  corre on e  it  t at   

ro g o t a  t e inter ie  it ecame c ear t at t e inter ie ee  are not a a  e arate  
t e e erience o  ig t c aracter rom a nctiona  or tec nica  a ect  o  ig ting  en 
a e  a o t t e o era  e erience o  t e en ironment  e era  er on  e  t e conce t o  
ig t in a roa er en e  ne room a  or in tance e erience  c  a  ig t an  air  A
a i e inter retation i  t at it oe  not re er to i minance t rat er to a en e o  ace 

t at can e create   com ining rig t co o r  an  ar e rnit re  

e ca e t  i  not com ete  t t e re t i  e ecte  to ro i e i  an e ten e  
no e ge a o t t e e erience o  ig t an  co o r in re ation to atia  conte t  ore 
eci ica  t e re t  i  gi e in ication  o  t e re ation i  et een emotiona  

e erience  ercei e  ig t e e  an  otometric a e  e materia  rom t e inter ie  
can ro i e a a i  or an e an e  tem o  conce t  o  ig t  co o r an  atia it  t at 
can e e  a  a a i  to orm ate criteria or goo  ig t en ironment  
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Space Brightness Affected by a Scenic View through a Window
S ogo  o e  iro i S  and Yasuhiro SEYA
 ra ate Sc oo  o  n ormation Science an  ngineering  it mei an ni er it

 e artment o  om ter an  man nte igence  o ege o  n ormation Science an  ngineering  
it mei an ni er it

ABSTRACT
ere a  een an increa ing eman  in t e e o  a ig t t ro g  in o  or maintaining 

rig t i a  en ironment  i e a ing ig ting energ  ecent t ie  a e re orte  t at a t o g  
t e ori onta  i minance  e  a  an in e  o  man rig tne  erce tion in ace  i  increa e  

 a ig t  ace rig tne  i  not a  e ficient  increa e  a  e ecte   t e i minance  n a  o  
t e rior re earc e  in e tigating t e in o  e ect on ace rig tne  a room a  e i e  it  
a in o  o  ro te  g a  e main o ecti e o  t e re ent t  a  to in e tigate t e e ect  o  
a in o  it  a cenic ie  on ace rig tne  erce tion  e in ence  on ace rig tne  

ere com are  among i erent t e  o  cenic ie  n a ition  e e amine  t e e ect  o  t e 
a earance o  an o ect ace   t e in o  on t e ace rig tne  or an area  t e in o  n 
t e e eriment  t e ace rig tne  or t o ca e mo e  im ating an o fice rni e  it  o fice 
fi t re  c  a  e  an  e e  a  com are  one o  t em e i e  it  a in o  a te t room  
an  t e ot er it  no in o  a re erence room  Partici ant  ere a e  to oo  into t e t o ca e 
mo e  to com are t em re eate  an  to re ort n merica  t e rig tne  o  t e te t room re ati e 
to t at o  t e re erence room ing magnit e e timation  met o  o i erent t e  o  cenic 
ie  ere ro i e   in erting otogra  o  nat ra  or r an an ca e e in  t e in o  Se era  
e e  o  a ig t inten it  ere im ate   c anging t e n m er o  ore cent am  o er t e 

otogra  ac  ca e mo e  a  i minate  in e en ent   a mino  cei ing it  ro te  gra  
an  ore cent am   man a e  oam core oar  co ere  it  engt  otogra  o  a t 
ma e a  et in ront o  t e in o  to ro i e o er er  c e  or t e e timation o  ace rig tne  

e re t  re ea e  t at a t o g  artici ant  re orte  ig er rig tne  it  increa ing inten it  
o  a ig t  t e rate o  increa e a  o er t an t at in t e contro  con ition ere t e te t room a  
i minate  on   a cei ing ig t  rt ermore  t e rate o  rig tne  increa e a  o er com are  
to t o e o taine  in t e re io  t ie  ere a room o  ca e mo e  a  e i e  it  a in o  
o  ro te  gra  it  no cenic ie  en t e man a e  oar  a  in erte  at t e in o  t e 

ace rig tne  near t e in o  ecrea e  an  t e ariance o   re orte   artici ant  a  
ma er com are  to t e con ition ere no o ect  t at t e in o

 

 

Space brightness affected by a scenic view through a 
window 

Shogo ,  o e TANAKA,  iro i S ,  Yasuhiro SEYA  

 ra ate Sc oo  o  n ormation Science an  ngineering, it mei an University 
 e artment o  om ter an  man nte igence  o ege o  n ormation Science an  

ngineering  it mei an ni er it   

ABSTRACT 
ere a  een an increa ing eman  in t e e o  a ig t t ro g  in o  or 

maintaining rig t i a  en ironment  i e a ing ig ting energ  ecent t ie  a e 
reported that although the horizontal illuminance i  increa e   a ig t  ace rig tne  
is not as efficiently increased a  e ecte   t e i minance  e r o e of the present 
t  a  to in e tigate t e e ect  o  daylight from a in o  on ace rig tness 

perception en ario  co or  an  o ect  o t i e a in o  i e  a cenic ie  a  
i i e. In an experiment, e e  t o ca e mo e  im ating an o ice  one a  a room 
it  a in o  te t room  an  t e ot er a  one it o t it re erence room  o t e  o  

cenic ie , i.e., nat ra  or r an an ca e photographs e in  t e in o , ere e  
it  or it o t a man- a e  oar  co ere  it  -length photograph of adult male. 
aylight as im ate   ore cent am  and its inten it  a  mani ate   changing 

t e n m er o  the lamps. A room i minance rom cei ing ig t  it o t a ig t a e 
i minance  a  a o mani ate  Partici ant  ie e  t e t o mo e  re eate  an  
e timate  rig tne  or t e te t room re ati e to that for the reference room. The results 
revealed that although the ace rig tne  increa e  it  increa ing a ig t inten it  t e 
efficiency a  much o er t an t at e ecte   t e ori onta  i minance  he 
com ari on  et een t e re ent re t  and the findings of a previous study revealed that 
rig tne  en ancement  a ig t a  o er it  a cenic ie  t an it o t it. 

t o g  a attern o  re t  a  ite imi ar et er t e man- a e  oar  a  
re ent or a ent  the variance of rig tness re orte   artici ant  a  ma er in the 

human- a e oar  re ent con ition t an in t e man- a e oar  a ent con ition   

1. INTRODUCTION 
Although the diversification of lighting methods ena e   to create ario  i a  
environments, recent studies have reported man  it ation  in ic  horizontal 
i minance genera  e  a  a rig tne  in e  does not correspond to human 
perception  or e am e  a room it  o  ori onta  i minance i  ometime  ercei e  
a  rig ter t an t at it  ig  ori onta  i minance  an  t ie  a e e amine  man 
space rig tne  and proposed some indices corresponding to human perception 
Yamaguchi  Shinoda ; Yamaguchi, Shinoda,  Ikeda . In most of those 

studies, ho e er  a ig t rom in o  has not een taken into account. on i ering t at 
in rea  i e it ation  e are e o e  to i a  en ironment  it  in o  a ig t 

o  a ect ace rig tne   

Several studies have investigated t i  to ic  mea ring magnit e e timation  o  
erce t a  rig tne  or a ca e mo e  o  room it  or it o t a ig t rom a in o  
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and reported t at t e rig tne  ecome o er or a room it  a ig t t an it o t it 
e.g., amag c i  S ino a . o o r no e ge  most of those studies used frosted 

glass a  a in o  an  t  t e cenic ie  rom a in o  ere in i i e  ere ore  
re earc  on t i  to ic ing a in o  it  a cenic ie  a  scarce. n t i  t  e 
e ten e  t e re io  in ing   investigating the effects of daylight and various 
landscapes t at a  ie e  t ro g  a in o  it  or it o t t e man- a e  oar  
on ace rig tne   using ME method. 

2. METHOD 
n t e e eriment  e e  t o  ca e mo e  ig re  ac  mo e  im ate  an 

o ice it  a ro imate   are meter  e i e o  eac  mo e  i   mm i t   
 mm e t    mm eig t  e interior a  a  ac romatic  e t o mo e  

ere ocate  i e  i e  one a  a room it  a in o  test room  an  t e ot er a  one 
it o t a in o  reference room  e im ate  a ig t rom a in o   ing  

fluorescent lamps attached outside the test room. The daylight intensity a  m ni ate  
 t e n m er o  am     , or  no-daylight . e in  t e in o  e attac e  one 

of four an ca e oto  r an- i tant ie  nat ra - i tant ie  r an-near ie  an  
natural-near ie  it  or it o t the human- a e  oar  co ere  it  -length 
photograph of adult male. The horizontal illuminance a e i minance  o  t e test room 

it o t a ig t a  eit er   or   e re erence room a  i entica  to t e 
te t room e ce t t at t e room a  i minate  only  arti icia  ig ting rom t e cei ing 

ito t im ate  a ig t no in o  

t t e eginning o  eac  tria  artici ant  e entia  ie e  the rooms. The task of 
participants a  to estimate t e rig tne  o  t e te t room relative to that of the reference 
room  Partici ant  ere to  t at t e rig tne  o  re erence room set to a value of  In 
a ition to t e e erimenta  con ition  e a o con cte  a contro  con ition in ic  
rig tne  o  t e te t room a  mea re  it o t a ig t  The task a  i entica  to t at in 

the experimental conditions. ere ere  tria  or eac  con ition o  a ig t an  a e 
illuminance intensities, landscape, and human- a e oar  e or er o  con ition  as 
ran omi e  acro  artici ant  e ore t e e eriment  artici ant  ractice  e era  tria  
nti  t e  ere ami iari e  it  t e ta  Participants ere i e individuals. T o of those 
a  e erience o  rig tne  e a ation e eriment ana a  S ino a   Se a  . 

 

 
Figure 1: Experimental apparatuses. 
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3. RESULTS AND DISCUSSION 
ig re  o s the mean ME values as a function of averaged horizontal illuminance 
e arate  or eac  a ig t inten it  an  t e o  cenic ie  in t e a ence e t ane  or 

t e re ence rig t ane  o  man- a e  oar  er  mi e  an  o er panels 
indicate t e -lx, -lx, and -  ase illuminance conditions, respectively. S are 
markers indicate ME val e  in t e r an-distant ie  o i  ine  an  r an-near ie  

ro en ine  con itions. ircle markers indicate those in the natural-distant ie  o i  
ine  an  nat ra –near ie  ro en ine  con ition . ross markers indicate  ME values in 

t e contro  con ition i e  a e ine   

As seen in the figure  in t e -  an  -  a e illuminance conditions, the ME 
values increased it  increa ing t e ori onta  illuminance  t t e  ere o er in t e 

a ig t con ition  i e  are and circle ine  t an in t e contro  con ition i e  cro  
a e ine , irre ecti e o  t e cene ie  an  man- a e oar  con ition  i  in icate  

that although the artici ant  ercei e  ig er rig tne  it  increa ing a ig t 
inten it  t e e icienc  o  rig tne  en ancement a  o er t an t at e ecte  rom t e 
ori onta  i minance  n ot er an  in t e -  a e i minance con ition  t e rate 

o  rig tne  en ancement a  a mo t t e ame a  t at in t e contro  con ition  gge ting 
t at  e on  a certain inten it  o  a e i minance  t e e icienc  o  rightness 
en ancement o  not e a ecte   a ig t e ect  o er e  in o  a e i minance 
con ition  e e re t  are con i tent it  t e in ing  o  re io  t ie  ing a frosted 
g a  a  a in o  amag c i  S ino a . 

e com ari on  et een t e man- a e oar  a ent ig re  a  c  e  an  re ent 
con ition  ig re     re ea e  t at  o era  rig tne  a  o er in t e re ence o  
the human- a e oar  t an in t e a ence o  it  e rea on or the differences in the ME 
a e  it  or it o t t e man- a e  oar  i  not c ear  ne o i i it  i  t at t e 
oar  ma  a e er e  a  a c e in icating a room ace an  a  a re t  artici ant  ma  
a e een a e to c ear  e arate ace  e on  and in front of a in o  on e ent  
artici ant  ma  a e een ca a e o  e timating ace rig tne  in e en ent  o  t e 
rig tne  o t i e a in o   

o artici ant  a  artici ate  in o r re io  e eriment  in ic  t e e fects of 
a ig t ere in e tigate  it o t a cenic ie  in t e a ence o  the human-shape oar . 
o rt er e amine t e e ect  o  cenic ie  on ace rig tne , e com are  t e re ent 

re t  it  t e in ing  o  re io  t . Figure 3 o  the mean ME values as a 
function of a erage  ori onta  i minance e arate  or eac  a ig t inten it  it  t e 
present t  or it o t a cenic ie  t e re io  t  in one artici ant  Upper-left, 
upper-rig t  an  o er ane  in icate t e -lx  -  an  -lx a e illuminance 
conditions, respectively.  S are, circle, and cross markers indicate the results of the 

re ent t  ig re  Triangle markers indicate ME values it o t enic ie  the frost 
g a  a  e  a  a in o . e com ari on  et een t e re t  it  or it o t a scenic 
ie  re ea e  t at  o era  rig tne  a  o er it  a cenic ie  t an it o t it  The 
i erence et een t e re t  o  t e t o t ie  co  e due to the participants’ 

recognition o  in o  n t e re io  t  participants may have recognized a in o  
of frosted grass as a light source  re ting in en ancement o  ace rig tne . On the 
other hand, in the present study, the participants could separate spaces e on  and in front 
of a in o . We consider that this participant more easily estimated space rightness. 
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Figure.2: Mean ME values as a function of horizontal illuminance. 
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Figure.2: Mean ME values as a function of horizontal illuminance. 

 

 

 

 
Figure.3: Mean ME values as a function of horizontal illuminance in one participant. 

4. CONCLUSIONS 
In this study, the effects on ace rig tne  ere in e tigate  for various types of scenic 

ie  e t  o e  increa e  in rig tne  it  increa ing ori onta  i minance  
daylight, t t e rate o  rig tness enhancement ith a cenic ie  a  o er than the rate 
o  rig tness enhancement it out it. No difference et een cenic ie  a  o n  
Moreover, in the presence of the human- a e  oar  near t e in o  t e rig tne  

ecame o er than t e ca e o  ace it o t t e man a e - oar  ecia  for 
o er a e i minance  t e ten enc  a  more remar a e  
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In ence o  S r ace ro ertie  on aterial earance
ing ang  ien ein  and incent  S

 e artment o  n ormation omm nication  ine e t re ni er it  ai an
 e artment o  a  omm nication  ine e t re ni er it  ai an

ABSTRACT
o or e earc  a  e e o e  ro ero  in t e e ear  artic ar  on co or a earance  

ic  a  ma e a igni icant rea t ro g  mong t em  te t re  ic  i  intimate  re ate  to 
co or a earance  a  got e  attention  eat re  o  te t re  o e  enormo  in ence  on r ace 
co or erce tion  nteraction  et een co or  an  r ace materia  a e ig ta e on t e acc rac  o  
co or i a  ecent  t e ri ing o  materia  erce tion  re earc e  a e gra a  fi e   t e 
in ficienc

i  re earc  aim  to e ore t e in ence  o  materia  ro ertie  on t e a earance o  co or  
 a o ting t e e ia  t eoretica  mo e ai ano   a e  on t ree e ement  o  materia  

ro ertie  Permea i it  or tion  an  i i it  it  t e ti i ation o  a rotar  co or mi er 
e ice  in a tment it  ro ertie  com ine  o  ario  ratio  o  mirror r ace  matte  r ace  an  

tran arent r ace  e in e tigate eac  e ement  in ence  on o ect  r ace  co or a earance 
an  in ect in ence  o  ario  te t re on ect  c o ogica  ee ing  e aim i  to no  o  
t o e in ence  er orm  at are t e in ence  orme  on eo e  menta it

e r o e o  t e re ent re earc  i  to er orm a antitati e r e  on erce tion  a o t 
materia  r ace eat re  in tematic a  an  to e i er re t  o  ractica  ata or e ent 
re earc e  on e ia t eor  e fin ing  can ro i e a i e  on e erimenta  o eration  an  roa en 
no e ge a o t in ence  o  r ace eat re  on co or a earance

Influence of Surface Properties on Material 
Appearance 

Ming- ang , Tien- ein EE  incent  S  

 e artment o  n ormation omm nication  ine e t re ni er it  ai an 

e artment o  Mass omm nication  ine e t re ni er it  ai an 
 

ABSTRACT 
 

Color Research has developed prosperously in these years, particularly on “color 
appearance”, which had made a significant breakthrough. Among them, textures, 

ic  i  intimate  re ate  to co or a earance  a  got e  attention  eat re  o  
textures possess enormous influences on surface color perception. Interactions 
et een co or  an  r ace materia  a e ig ta e on t e acc rac  o  co or i a  
ecent  t e ri ing of “material perception” researches have gradually filled up the 

insufficiency. 
 
 This research aims to explore the influences of material properties on the 
appearance of colors. By adopting the Cesia’s theoretical mode (Caivano, 1996), 
a e  on t ree e ement  o  materia  ro ertie  Permea i it  ig tne , and 
i i it  it  t e ti i ation o  a rotar  co or mi er e ice  in a tment it  
ro ertie  com ine  o  ario  ratio  o  mirror r ace  matte  r ace  an  

tran arent r ace  e in e tigate each element’s influences on objects’ surfaces’ 
color appearance and inspect influences of various texture on subject’s psychological 
ee ing  e aim i  to no  o  t o e in ence  er orm  at are t e in ence  

formed on people’s mentality? 
 
The purpo e o  t e re ent re earc  i  to er orm a antitati e r e  on erce tion  
a o t materia  r ace eat re  in tematic a  an  to e i er re t  o  ractica  
ata or e ent re earc e  on e ia t eor  e in ing  can ro i e a i e  on 

experimenta  o eration  an  roa en no e ge a o t in ence  o  r ace eat re  
on color appearance. 
 
Key Words: Color Appearance, texture, Cesia, Permeability, Lightness, 
Diffusivity, material surface 
 

1. INTRODUCTION 
 
Color Research has developed prosperously in these years, particularly on “Color 
Appearance”, which had made a significant breakthrough. In order to make out 
e ecti e  e era  ine  cor oration  a e a o te  co or  a  too  or mar eting  

o e er  mo t domestic research focuses on colors’ influences on human mentality, 
and few has focused on texture’s influences.  
 

e t re  ic  i  intimate  connecte  to co or a earance  a  got rare attention  
Features of texture possess enormous influences on color  nteraction  et een co or  
an  r ace materia  a e ig ta e on t e acc rac  o  co or i a   e ig re o t 
patters of connection between texture and color, it’s not only beneficial to our future 
generation  in te t re re earc  a o  it can e ractica  a ie  to ine  
commodity.  
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egar e  o  t e co or  i erent te t re  a e i erent e ect  on man menta it  
en eo e are oo ing at certain o ect  Smoot  an  re ecti e o ect  i e mirror  

glass, etc. make people feel tough, hea  an  co  erea  o ect  it  ro g  
r ace i e oo en rnit re an  a ric gi e eo e ee ing  o  o tne  ig tne  

an  armt  an  ot er nco nta e emotion  ee ing  aro e   o ect  are a o 
experiences accumulated within human’s mind. 

 
Studies demonstrate that, surface material of products directly affects sales 
con e ence  ic  in icate  e i e  co or  te t re i  anot er im ortant actor 
affecting user’s psychology. Texture itself is a huge research issue, and it will be 
igger an  intrig ing en a ing into co or actor  ere are t o an  in  o  

com ination  a  o ect  are com o e  o  i erent co or  an  te t re  t no 
previous research had figured out the variation or tendencies of this phenomenon. In 
t i  re earc  e inten  to ig re o t attern  o  connection  ro ing into m t a  
in ence  et een co or  an  te t re  an  contri te to a ance  t ie  
 

2. MEASUREMENTS ON SURFACE FEATURES 
 

ormer c airman o  nternationa  o or ociation  an  r  ai ano in  
quoted “cesia” in his thesis available in the journal Color Research and Application, 

ic  re er  to t e tem e cri ing t e o tica  ro ert  o  te t re  an  t e tem 
a  initiate   anne o in t e  

 
  With Dr. Caivano’s effort, cesia a  een e  a  t e tem to e cri e i a  

e t re  e ecia  eat re  concerning g o  an  rig tne  rom ica  
measurements perspective, cesia can be presented with light’s permeability and 
diffusivity, plus luminosity factor, forms a three-dimensional cesia space composed of 
ermea i it  i i it  an  a or tion  t i e o or r er S tem  c  a  S 

an  n e  ce ia i  an r er S tem e cri ing r ace c aracteri tic   
 
 Dr. Caivano’s “cesia” is basically a way of describing visual sensation. Under 

i erent i mination an  o er ing con ition  i erent ce ia P  in e e  i  t rn 
o t  an  re re enting i erent i a  en ation to ar  r ace c aracteri tic  n er 
standard measuring condition  ce ia ata can e e  a  r ace en ation in e  
e i e  tric romatic t eor  

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  e o i  o  e ia it  t e i e rimar  en ation  an  t e t ree in  o  
variation.（ ai ano  ） 
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Figure  e o i  o  e ia it  t e i e rimar  en ation  an  t e t ree in  o  
variation.（ ai ano  ） 

3. EXPERIMENTAL METHODS 
 

ter entering e erimenta  circ m tance  e eriment ect  i  rea  t e 
instruction first, and listen to the introduction of cesia system. 
 
Experiment starts. The experiment includes five steps in response to five different 
com ination  e e com ination  are com o e  o  i erent ratio  o  i e 
reflection, regular reflection, diffuse transmission, and regular transmission. In each 
te  a rotar  ta e one t e rig t i e i  e ace   te t re  an  anot er one on 

t e e t i  e te t re o  i erent ratio  in t e ran om or er     
 

 
n t e ir t te  a  t e mac ine r n  e i  egin to a  e tion  to o r e eriment 

ect  S o e te t re on t e rig t i e i   at i  t e ratio o  te t re on t e 
e t i e  or in tance  en it i   reg ar re ection on t e rig t i e  o  man  
ercent o  reg ar re ection i  on t e e t i e  ter t e  ini  t e e tionnaire  e 
i  c ange te t re  into i erent ratio  it o t in orming o r e erimenta  ect  

an  a  t em to ma e ge  again  n a  t e i e te  ratio  o  experimental 
te t re  are ran om an  nonre etiti e in e er  ing e te  eriment en  a  e 
finish all five steps. 
 
 
 
 
 
 
 
 
 
 

Figure : Experimental environment 
 
 
 
 
 
 
 
 
 
 

Figure 3: co or mi er in ecia  o  
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Figure  : The results of Permea i it , i i it  an  ig tne  
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i al al ation o  a oo en fini  oom
and the Colorimetry of Wood

S ige o  n S  and S o i S 3

 Sc oo  o  man n ironmenta  Science  oga a omen  ni er it
 enter or an ca e e earc   Sang o ni er it

 3 ac t  o  e ign   ni er it

ABSTRACT
t i  no n t at t ere i  a a ora e e ect c o ogica  an  io ogica  in　 ic  oo  

i  e  a  i ing materia  or interior fini  ere are man  e ira e a ect  or e am e  i a  
nat ra ne   oo  grain tacti e armt  tacti e moot ne  nat ra  me  an  o on  o t e co or 
an  g o  o  oo   aging are o ten i e  o oo  a  een e  or a ong time in man  ca e  -
t o g  t e e e ect  are ac ire   nat ra  oo  no  t e interior fini ing a er t at t e oo  grain 
i  rinte  a  a o increa e  n t i  ca e  can e e ect t e ame e ect o  nat ra  oo  e co  
e ect it i  on  i a  t i  o e  t at i a  e ect e en  on t e r ace co or o  oo  t e i -
erence o  grain en  an  ic  co or o  t e m tico ore  oo  r ace i  o er e

  e r o e o  t i  a er a  to c ari  t e i erence in t e i a  e a ation o  t e oo  
co or an  t e area o  oo  fini  in a room  

e en in  o  oo en a a er am e  in ic  co or  i er ere e ecte  a  interior fini  
o  a room    ca e mo e  fini e  it  t e re ce  otoco  o  oo en a a er a  ma e or 

ecti e e a ation  e ca e mo e  a  con i te  o  a i ing room  a ining room  an  a itc en  
S ect  inoc ar  o er e  t e ca e mo e  room t ro g  t e o er ation in o  an  e a ate   
a emantic i erentia  met o  e area o  oo  fini  in t e room  a  c ange  in t ree con ition  

e area o  oo  ini  in t e room a  ca c ate  rom t e in oor otogra  ta en rom t e 
ect  ie oint  ere ore  t e ecti e e a ation a  accom i e  n er t e  con ition  

t e  co or  an  t e  area ro ortion  o  oo en ini  e range o  ori onta  i minance on 
t e e  o  t e ca e mo e  a  rom   to   ort fi e t ent  o  oga a omen  

ni er it  artici ate  in t e e eriment   a re t o  t e ecti e e a ation e eriment   actor  
ere e tracte  armon  an  ig tne  e area ro ortion o  oo en fini  an  t e co or o  oo  
a e a great in ence on ot  t e armonio  actor an  t e ig tne  actor  

 rt er  t e r ace co or  o  t e a a er am e  ere mea re   a minance an  
c romaticit  ni ormit  ana er  o con  e re ation i  et een t e imen iona  
co orimetric i tri tion o  oo  r ace an  t e re t  o  t e ecti e e a ation a  e amine

Visual evaluation of a wooden-finish room 
and the colorimetry of wood

Shigeko K , Jun TS an  S o i S 3

School of Human Environmental Sciences, oga a omen s University
enter or an ca e e earc   Sang o ni er it

3 Fac t  o  e ign   ni er it

ABSTRACT
e e o  oo  a  a i ing materia  or interior ini  i  no n to in ce a a ora e 
c o ogica  an  io ogica  e ect  ere are man  e ira e a ect  o  oo  

inc ing t e i a  nat ra ne  o  oo  grain  tacti e armt  tacti e moot ne  nat ra  
smell, and others  rt ermore  t e co or an  g o  o  oo  ro ce   aging are 
o ten e ira e trait  ere ore  oo  a  ong een e  a  interna  an  e terna  i ing 
material in many circum tance  t o g  t e e e ect  are ac ire   nat ra  oo  t e 

e o  interior ini ing a er it  a rinte  image o  oo  grain has also increased. In 
t i  ca e  can e e ect t e ame e ect a  een or nat ra  oo

In this study  e egin  re orting t e re t  o  an e eriment on t e ecti e i a  
e a ation o  a oo en- ini  room  e t  e ro i e an ana i  o  t e atia  re enc  
o  oo  grain a e  on t o- imen iona  co orimetr  rt ermore  e con i er t e 
re ation i  et een t e e a ation o  t e oo en ini  an  t e c aracteri tic  o  t e 

oo  r ace

1. INTRODUCTION
t i  genera  con i ere  t at t e i a  im re ion o  a oo en ini  in a room e en  

on t e r ace co or  i erence o  grain en  an  m t a  in ence of the proportion of 
oo -finish area and surface color8 .

e r o e o  t i  t  a  to c ari  t e actor  in encing ariation in t e i a  
e a ation o  oo  co or an  area o  oo  ini  in a room

2. METHOD

2.1 Sample Preparation
Eleven t e  o  oo en a a er am e it  i erent co or  ere e ecte  a  t e 
interior ini  o  a room a e 

 - ca e mo e  t at a  ini e  it  a re ce  otoco  o  oo en a a er 
a  ma e or ecti e e a ation  e ca e mo e  consisted of a living room, dining 

room  an  itc en  e area o  oo  ini  in t e room  a  c ange  in t ree con ition  
ig re  e area o  oo  ini  in t e room a  ca c ate  rom an in oor otogra  

ta en rom t e ect  ie oint  e ecti e e a ation a  accom i e  n er a  
 con ition  corre on ing to com ination  o  t e  co or  an   area ro ortion  o  t e 

oo en ini
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Table 1: Wood Samples.

No Tree species Munsell color a*

A chestnut

maple

irc

oak

E European an t

F an t

teak

H Europeancherry

I mahogany

J ac  an t

K plum

41%                                  52%                                 56%

Figure 1: Examples of the scale model with different proportions of the wooden finish area

2.2 Experimental Procedure
e ori onta  i mination on t e e  o  t e ca e mo e  range  rom  to   

Forty- i e t ent  o  oga a omen  ni er it  artici ate  in t e e eriment  e 
 o er er  e  inoc ar  to ro i e ecti e im re ion  o  t e ca e mo e  room 

t ro g  an o er ation in o     mm  e  a e  t eir e a ation  accor ing to 
a - te  emantic i erentia  ca e ing  air  o  a ecti e  a  i te  in a e  e 
e eriment  ere carrie  o t rom ecem er t  to t  o  
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Table 2: Evaluation adjectives.

Figure 2 : Measurement equipment.

2.3 Colorimetry
The surface colors - o  t e a a er am e  ere mea re  in a orthogonal 
direction  a minance an  c romaticit  ni ormit  ana er -  o con  ig re 
T e t o- imen iona  co orimetric i tri tion o  t e oo  r ace as determined it  
reference to previous studies . Specimens ere i minate   t o ore cent am  

it  the ame ectra  i tri tion an  the same ig t i ion a  t e ecti e e a ation
experiment. ea rement ecimen  ere e e en t e  o oo en a a er am e  
ame a  t e ecti e evaluation experiment. Wood grain on the specimens a the 

original size, not minified. ea rement area a   i e  mm  an  
 i e   mm  o  it a  ana e  i  i e a  ame as visual angle of the 

ront a  o er e   ect  in t e ecti e e a ation e eriment  

3. RESULTS AND DISCUSSION

3.1 Factor analysis of the subjective evaluation
actor ana i  a  er orme  to 

investigate the most relevant 
actor  contri ting to ariation in 

the visual evaluations of a scale 
mo e  room it  a oo  ini  
a e  on t e a ecti e  ro i e  
a e   o n in a e   

main actor  ere e tracte  
ig tne  an  armon  ic  
o e  a c m ati e contri tion 

rate o   ere a  are  
any difference in the individual 
contri tion  o  ig tne  an  

armon  in icating t at t e e  
actor  o  e i a ent e icac  

on t e ecti e i a  e a ation 
o  a oo en-finish room.

light - om er
spacious - cramped

rig t - dark
classy - cheap

healing - not healing
arm - cool

natural - artificial
i a e - i i a e

harmonious - disharmonious

Table 3. Factor structure.
factor loadings

commonality
ig tne Harmony

light
spacious
rig t

classy -
healing

arm -
natural -
i a e

harmonious -
eigenvalue
contri tion rate
accumulated 
contri tion rate
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3.2 Results of colorimetry and image analysis with the Fast Fourier Transform 
method

e -  a e a  o taine   t o-dimensional colorimetry. The Y value is 
con i ere  to corre on  to t e  inter a  or contra ting en it  o  t e oo  grain  

ere ore  t e  a e on eac  i e  o  t e in t image a  ana e   t e o rier 
transform a gorit m  e mi e ro  o  Figure 3 o  t e image  o  ecimen  a ie  to 
Fourier transform analysis. 

n a ition  t e atia  re enc  rom t e center o  t e image o t ar  a  ana e  
e amming in o  nction a  a ie  a  an a ro imation of spatial fre enc  e 

ottom ro  o  Figure 3 o  t e re ation i  et een atia  re enc  an  t e 
mo ation tran er nction or eac  oo  co or  ccor ing to t i  re ation i  t e 

atia  re enc  ratio a  ca c ate  to e cri e t e c aracteri tic  o  t e oo  grain  an  
a  con i ere  a  an in e  o  oo  grain

Figure 3 : Fourier transform and spatial frequency characteristics
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3.2 Results of colorimetry and image analysis with the Fast Fourier Transform 
method
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3.3 Relationship between subjective evaluation and colorimetry
e re ation i  et een t e t o- imen iona  co orimetric i tri tion o  t e oo  

surface and the factors o  ecti e e a ation a  e amine  t ro g  m ti-regression 
ana i  an  t e re t  are o n in a e  ig tne  a  in ence   t e  a e 
an  t e ro ortion o  oo en ini  area in t e room  armon  a  in ence   t e 
ro ortion o  oo en ini  area  oo  co or a  an   an  oo  grain

Table 4 : Result of multi-regression analysis

multiple
correlation
coefficient

partial correlation coefficient

a*
Spatial 

re enc
ratio

area

 
ig tne ** - - **

 
Harmony - - ** ** **

 

4. CONCLUSIONS
o c ari  t e in ence  o  oo  co or an  oo  grain on t e ecti e evaluation of a 
oo en- ini  room  e con cte  a t  to a ociate t e re t  o  a ecti e 

e eriment to t o e o  image ana i  a e  on t o- imen iona  co orimetr  o  oo  

e e re t  ea  to t e conc ion t at ecti e e a ation o  a room it  a oo en 
ini  con i t  o   actor  ig tne  an  armon  e ig tne  a e o  oo  co or an  

t e ro ortion o  oo  area in t e room in ence t e ig tne  actor  oo  co or an  
oo  grain in ence t e armon  actor  n a ition  o r re t  o  t at t o-

dimensional colorimetry and spatial fre enc  ana i  it  a amming in o  nction 
eem  to e an a ro riate met o  or ana ing t e c aracteri tic  o  oo  co or.
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Total Appearance of Metallic Coatings using a Stereo Capture System
in o  ien  an  Peter  S

Sc oo  o  e ign  ni er it  o  ee

ABSTRACT
er recent eca e  t e te t re  coating ro i e   meta ic r ace  a  een an im ortant 

actor in attracting c tomer  o  t e a tomo i e in tr  i  a  meant t at anti ing t e 
a earance o  coating ro ct  i  e entia  or ro ct e e o ment an  a it  contro  e 
a earance o  t e e coate  ro ct  trong  e en  on t e ie ing geometr  gi ing ri e to a ariet  
o  ro ertie  o  erce t a  attri te  c  a  te t re  co o r an  g o  e to t e i a com e  
nat re o  c  coating  t ere remain  an n ati ie  eman  to e e o  tec ni e  to mea re t e 
total appearance of metallic coatings.

i  a er e cri e  a t  ic  aim  to efine t e tota  a earance o  meta ic coating  an  
t en o ecti e  c aracteri e it  ota  a earance ere re er  to t e com ination o  t ree ro ertie  
o  erce t a  attri te  o  t e r ace  g int  coar ene  an  rig tne   n m er o  meta ic ane  

ere i a  ca e  an  a com tationa  mo e  ca a e or re icting t ree erce t a  attri te  
a  e e o e  en o er er  it  norma  or correcte  to norma  i a  ac it  an  co o r i ion 
artici ate  in t e a e ment  e  ge  t ree erce t a  attri te  o   meta ic ane  n er 
irectiona  i mination  com ari on it  a re erence am e  e e ion a  carrie  o t t ice  

eac  on a i erent a  in or er to te t re eata i it  ac  e ion a te  aro n   min te  t a  
imite  to  min te  o a  to a oi  i a  atig e  

 com tationa  mo e  a  e e o e  to re ate t e re t  rom t i  c o ica  e eriment 
to ata o taine  rom a tereo image ca t re tem  i  i  a ne  a ternati e tec ni e aime  at 
o ing one o  t e mo t c a enging ro em  in com ter i ion  tereo matc ing  n t e tem  t o 

image  are ca t re   a ame camera n er t o i erent ig ting con ition  to mimic tereo co ic 
i ion  i  not on  a re e  t e ro em o  tereo matc ing i e  to fin  t e corre on ing i e  
et een t o image  t a o en ance  t e e ect o  erce t a  attri te  e ecia  g int  n  

image tem a  em o e  to o tain t e  namic range o  a cene in a ing e image  ter 
ineari ation o  camera re on e  atia  ni ormit  correction a  er orme  to minimi e t e e ect 

o  ne en i mination   c aracteri ation met o  a  t en e  to tran er t e  ata to e ice
in e en ent a e  o image  ca t re  n er i erent ig ting con ition  ere merge  to o tain 
tereo ata  e i e  in t e ina  image ere egmente  into t o region  rig t ot  an  ar  
ac gro n  e t  tati tica  ana e  ere a ie  to e tract eat re  ina  a mo e  a  create  

to re ict t e erce t a  attri te  o  t e meta ic coating ane  a e  on an image ca t re   t e 
stereo capture system.

Total Appearance of Metallic Coatings
using a Stereo Capture System 
in o  ien  Peter  S

Sc oo  o  e ign  ni er it  o  ee  

ABSTRACT 
i  a er e cri e  a t  ic  aim  to e ine the total appearance of metallic coatings 

an  t en o ecti e  c aracteri e it  ota  a earance ere re er  to t e com ination o  
t ree ro ertie  o  erce t a  attri te  o  t e r ace  g int  coar ene  an  rig tne  
This study took into account one specific vie ing ang e  on  en irra iate   an 
inten e irecte  ig t o rce   meta ic ane  ere i a  ca e  an  a com tationa  
mo e  ca a e or re icting three perceptual attri te  a  e e o e  

1. INTRODUCTION 
Over recent decades, textured coating provide   meta ic r ace  a  een an im ortant 
actor in attracting c tomer  o  t e a tomo i e in tr  i  a  meant t at anti ing 

t e a earance o  coating ro ct  i  e entia  or ro ct e e o ment an  a it  
control. The appearance of these coated ro ct  trong  e en  on t e ie ing 
geometry, giving rise to a variety of properties o  erce t a  attri te  c  a  te t re  
co o r an  g o  e to t e i a com e  nature of such coatings, there remains an 
n ati ie  eman  to e e o  tec ni e  to measure the total appearance of metallic 

coatings. This study focused on characterising not on  one ominant attri te  g int  t 
a o minor attri te  coar ene  an  rig tne  it  an intense directed light source. The 
measurement of the total appearance of meta ic coating a  con cte  rom an 
investigation of the re ation i  et een t e t ree erce t a  a earance attri te  ge  

 o er er  an  t e ica  arameter  e tracte   a tereo ca t re tem   

Figure 1: Experimental setup for total appearance – real setup (left) and schematic 
diagram of viewing condition (right). 
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2. PSYCHOPYSICAL EXPERIMENT 
i a  a e ment  ere carrie  o t to anti  t ree ro ertie  o  erce t a  attri te  o  

metalic-coagting panels: glint, coarseness an  rig tne  en o er er  it  norma  or 
correcte  to norma  i a  ac it  an  co o r vision participated in the assessments. They 

ge  t ree erce t a  attri te  o   meta ic ane  n er irectiona  i mination  
com ari on it  a re erence am e  e e ion a  carrie  o t t ice  eac  on a i erent 
a  in or er to te t re eata i it  ac  e ion a te  aro n   min te  t a  imite  to 
 min te  o a  to a oi  i a  atig e  ig re  o  a  ot ig t a  e  a  t e 

ig t o rce an  it a  ocate  c o e  a o e t e o er er  head to minimise the angle 
et een ig t o rce an  o er er  

3. DIGITAL IMAGING ANALYSIS 
 com tationa  mo e  a  e e o e  to re ate the results from the visual assessments to 
ata o taine  rom t e tereo ca t re tem  i  i  a ne  a ternati e tec ni e aime  at 
o ing one o  t e mo t c a enging ro em  in com ter i ion  tereo matc ing o  

an  o anger   n t e tem  t o image  are ca t re   a ame camera n er t o 
different lighting conditions to mimic stereoscopic vision. This not only addresses the 

ro em o  tereo matc ing i e  to in  t e corre on ing i e  et een t o image  t 
also enhances the effect of perceptual attri te  e ecia  g int  ter ca t ring t o 
image  igita  imaging roce ing a  im emente  to e tract re ati e eat re  o  

erce t a  attri te  o  meta ic texture under directional light source.  

3.1 Stereo Capture System 
The stereo capture system consists of a digital camera and 
t o  ot ig t  o n in ig re  e tem a  
designed to mimic human stereo vision. In the system, 
one igita  camera a  e  a  an image etector in 
contra t to a tri ing a  ith general type of stereo 
ca t re tem it  t o or more en e  it  a e arate 
image sensor. Nevertheless, the system can reproduce the 
e ecti e image  o  tereo erce tion it o t t e ig 
ro em  in tereo matc ing  i  a antage o  t i  

tem come  rom i mination et  o  ot 
lights are located at different lateral positions and Each 

 o rce a  a ro e a  eac  e e o  man i ion  
o cene  i minate   t o i erent ig t  are 

i erent e to i mination ang e  e ang e et een a 
digital camera and light source a  i e  a  t at o  
ie ing geometr  in i a  a e ment  n ractice  t o 
ig t  i erent image  or one am e ere ca t re  
n er t o i erent ig ting con ition  eac  image it  

single light on. 
Figure 2: Stereo capture system.
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3.2. Digital Image Processing 
 camera c aracteri ation met o  a  a ie  to transform device-de en ent  a e  

to e ice in e en ent   tri tim  a e  minance  a e o  t e image  a  
used for the feature extraction. Illumination ni ormit  met o  a  er orme  to minimi e 
the effect of non-uniformity of the illumination inten it  ca e   t e nat re an  
geometry of spot light source used. The top- at tran orm o  an image a  t en em o e  
to remove minor scratch of metallic-coating r ace i e ea ing ot er  n i t r e  

on a e et al.   eat re e traction tart  on the assumption that the intensity 
i tri tion o  t e o i  coating ane  ma  e norma  an  mmetric i togram  i  

in icate  t at meta ic coating ane  it  t e a mini m a e  a e e ce i e art o  
i togram e to rig t region  ccor ing to a m tion o  norma  i tri tion o  t e 
o i  coating ane  it o t a mini m a e  a ian nction a  itte  to im ate t e 

histogram and differentia  ortion et een ot  i togram  a  o n   g o a  
t re o ing tec ni e a  a ie  to e arate rig t art  o  meta ic coating ane  o 
image  o taine   t e e te  ere com ine  into one image ic  i  t e arge t 
e ement  o  t o image  on e ent  t e image i  t e re t ic  i  imi ar to cene o  
stereo vision for digital image analysis.  

4. RESULTS AND CONCLUSIONS 
ig re  o  a com ari on o  t o image  image a  recon tr cte   tereo image 

tec nic an  image  ca t re   genera  image tem it  ing e camera  o image  
represent not only the same metallic-coating ane  t a o e act  ame area o  t e 
am e    e ert e e  t o image  o  i erent cene eac  ot er  mage a  i  imi ar to 
erce tion o  man eing it  t o e e  an  gives more visual information than image 

 nten it  i togram o  tereo image a  te ti ie  t eir i erence in etai  

               
a                                                            

Figure 3: The intensity comparison of two images captured from general acquisition and 
stereo capture system. 
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er er aria i it  o  t e t ree erce t a  attri te  g int  coar ene  an  rig tne  a  
anti ie  ing o er er acc rac  an  re eata i it  e tati tica  met o  e  in ata 

ana i  ere t e coe icient o  etermination  R2, and coefficient of variation, CV. a e  
o  t at t e o er er acc rac  an  re eata i it  e eata i it  o  coar ene  a  imi ar 

to t at o  g int t anot er a  o er to t at  e re t  o  rig tne  o not ro i e 
igni ie  tati tic  e to er  o  R2 a e  o taine  t can e conc e  t at on  g int 

o  a earance attri te  o  metallic-coating panels is a meaningful property under specific 
ie ing ang e  on  en irra iate   an inten e irecte  ig t o rce  

Table 1: A summary of observer accuracy and repeatability measures for all the samples. 

Accuracy Repeatability 

ogarit mic 
Scale int oar ene  rig tne int oar ene  rig tne

R² ean       

e ian       

CV ean       

e ian       

a
Scale

int oar ene  rig tne int oar ene  rig tne

 ean       

e ian       

 ean       

e ian       

Using digital image processing, a dominant property of the total appearance of metallic 
coating  g int  a  e tracte  an  com are  it  perceptual grade of o er er  in term  o  
t e e eat re  n m er o  i e  m o  t o e i e  a e  n m er o  artic e  m o  
mean value of each particle, pixel percentage again t ac gro n  area ercentage an  i  
ro ertie  ic  are i i e   t e t re o  t a e itag c i    o n in 
ig re   m o  t o e i e  a e  i i e   t re o  a e re re ent t e ig e t 
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R² ean       

e ian       
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e ian       

a
Scale

int oar ene  rig tne int oar ene  rig tne

 ean       

e ian       

 ean       

e ian       
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Figure 4: Observer grade VS digital image analysis 
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 Sc oo  o  n ormation an  ngineering  it mei an ni er it

ABSTRACT
o metic  artic ar  a e ma e  item  c  a  o n ation  are e ecte  to ro i e ea ti  

ine it  ace  n t e roce  o  co metic  e e o ment  t ere ore  it i  critica  to n er tan  actor  
t at a ect eat re  o  ace ine  or e oring c  actor  e ro o e a no e  tati tica  acia  image 
ana i  met o  or c aracteri ing eat re  o  ace ine rom t e atia  i tri tion o  rig tne  
te t re  a earing on acia  image  e fir t con tr cte  an origina  acia  image ata a e a  earning 
ata or tati tica  ana i  t e ata a e i  com o e  o   a ane e ema e ace  it  an  it o t 
a e ma e  Since o r aim i  to e a ate t e eat re  o  ace ine rom t e tan oint o  acia  
te t re  not acia  a e  e a e to norma i e t e acia  a e in or er to remo e t e ariation  

o  acia  a e  o t i  en  e norma i e  ni ie  eac  acia  a e in t e ata a e to a mean 
a e o  am e   ing a ar ing tec ni e  e e a e norma i e  acia  image  are e  a  

am e  or tati tica  te t re ana i  e e  rinci a  com onent ana i  P  to ca c ate eigen 
mo e  o  t e acia  te t re  ac  mo e re re ent  a ecific eat re o  t e te t re  e acia  image 

it  i erent te t re can e recon tr cte   t e e o  i erent mo e  n t e ro o e  met o  e 
fir t recon tr cte  acia  image  t at a  i erent c m ati e contri tion rate   n ormation 
regar ing t e i erence  et een t e recon tr cte  acia  image  a  t en e  to e tract te t re  t at 

etermine t e eat re  o  ace ine  acia  image  it  i erent ace ine are e  a  te t image  
or ana i  e re t  o e  t at eat re o  acia  ine a  e re e   t o actor  t e fir t one 
a  te t re eri e  rom  a o t      eigen mo e  rom mi e  to ig or er  an  

t e econ  eri e  rom  a o t     eigen mo e  o  ig or er  itiona  rom t e 
ecti e e a ation  e o n  t at te t re t at a eare  in ig er or er eigen mo e  ten e  to gi e 

or e im re ion to ace ine  e i a  image  et een t e origina  ace  an  recon tr cte  ace  
it o t te t re o       e re e  acia  oca  non ni ormit  c  a  acia  ore  i  

re t c ear  o e  t at acia  oca  non ni ormit  o  eteriorate ace ine  i  re t ro i e  
 it  im ortant in ication or t e e ign o  a e ma e  item  in or er to e e o  t e item  t at 

ac ie e ea ti  ace ine  it i  critica  to re trict acia  in oca  non ni ormit  e ecti e  it  
keeping face shine.

 

 

Statistical Image Analysis for Evaluating Face Shine:  
Cosmetic Research 

Takanori S ,  Takahiro NAOKI,   Masataka SEO,  Yen-Wei  

 Skincare Products e earc  a orator , ao or oration 
 Sc oo  o  n ormation an  ngineering  it mei an ni ersity 

ABSTRACT 
o metic  artic ar  a e-makeup items such as foundation, are expected to provide 
ea ti  ine it  ace  n t e roce  o  co metic  e e o ment  t ere ore  it i  critica  

to understand features of face shine. n t i  t  e e a ate the feature using a novel 
statistical facial image analysis that characterizes the spatial i tri tion o  rig tne  
te t re  appearing on facial images. Since statistical met o  re ire large amounts of 
acia  image  or earning ata  e employed a acia  image ata a e designed for cosmetic 

purpose t e ata a e i  com o e  o  facail images of Japanese females it  an  ti o t 
foundation  Then, to evaluate the features of face shine from the standpoint of facial 
“texture”  e normalized each facial shape in t e ata a e to a mean a e  using a 

ar ing tec ni e. These “shape-normalized facial images” are used as learning data for 
statistical texture analysis. We used principal component analysis to calculate eigenvectors 
of the facial texture. Each eigenvector represents a specific feature of the texture. 
Therefore, t e acia  image it  i erent te t re can e recon tr cte   t e com ination 
of these eigenvectors. In this method, e first reconstructed facial images that had different 
acumulated cover ratio . Information regarding the differences et een the 
reconstructed facial image  a  t en e  to e tract te t res that determined the features of 
face shine.  ing t i  met o  te t ra  eat re  o  acia  image  it  i erent types of 
face shine ere e a ate  e re t  o e  t at texture that appeared in  of   

  especially related to the deterioration of face shine. Since local unevenness of the 
facial skin such as pores are expressed in     ,  this result suggests that the 
local unevenness deteriorates face shine.  

1. INTRODUCTION 
 an im ortant nction o  co metic o n ation  ic  i  a t ica  a e-makeup, 

ac ie ing a e ira e co metic ini  ace im re ion it  ma e  a ie  a  ong een 
noted . In this regard, the importance of controlling the appearance of the face and its skin 
a  een gat ering intere t in recent ear  mong t e e ort  eing ma e  study on face 

shine is particularly important. For example, as reported in a previous study , the 
impression of a face can e e i  contro e   ar ing t e ang ar attern o  re ection 
from the skin  ic  gge t  that feature of face shine is one of the key factors for 
controlling facial appearance. As i  e  no n  the cosmetic finish is altered through skin 
e m ecretion  ic  ca e an n e ira e t e o  face shine oi  ine 3 - . In other 

research, the relationship et een skin shine and skin age perceptions ere in e tigate , 

, and the result provides insights in designing cosmetics. As these re io  ca e  o  
study concerning face shine a  een one of the most critical topics in cosmetic research.  

In order to control feature of face shine it  co metic  te t ral factors of face that 
generate the differences of the feature nee  to e a e e  In this study, a antitati e 

1233
AIC2015 TOKYO - Color and Image



 

 

evaluation method for textural features concerning face shine is first proposed. Here, 
rinci a  com onent ana i  P  ic  is useful for the analysis of acia  image  a  

em o e  en   ing the method, the texture control points for achieving the e ira e 
shine is identified. 

2. EXTRACTION METHOD OF TEXTURE FROM FACIAL IMAGES 
 no e  met o  or t e e traction o  acia  te t re a  e e o e   a ing the 

Eigenface method , statistical image ana i  a e  on P . 

2.1 Facial Image Database for Learning 
P  re ire  arge amo nt  o  acia  image  or 
learning data.  We, therefore, employed a facial 
image ata a e designed for cosmetic research 
named “Multi-ang e ie  mination o metic 

acia  mage ata a e  a  . Facial images 
in a  ere ca t re  ti-angle Image 

a t ring S tem  ig re  ic  a o   to 
ca t re acia  image  rom  irection  n er 
ario  i mination con ition  a  i  

composed of facial images o   a ane e 
ema e  a  o e e   air  o  acia  

image  it  an  it o t foundation. In this study, 
ronta  acia  image  i minate  rom t e ronta  irection ere chosen rom a . 

o metic o n ation ac ie e  desired appearances  contro ling texture such as skin 
imperfections e.g. pores and freckles  and face shine. Therefore, in the evaluation of facial 
appearance for the purpose of foundation development, analysis focused solely on facial 
texture  acia  a e  is crucial. For this rea on  a  t e acia  image ata a e  or 
statistical learning, e re are  a “shape-norma i e  acia  image ” in ic  facial 

a e  conto r  o ition  o  noses an  e e  etc  of the images c o en rom a  ere 
entire  ni ie   a ar ing tec ni e  ig re . 

2.2 Eigenface Method 
Employing the learning data of the aforesaid shape-normalized facial image  e 
computed eigenspace using the Eigenface method . In this method, facial image x is 
e cri e  using a i  nction  eigen ector  vi and their coefficients yi: 

nnnn yyyy vvvvmx ����� ���   

Here m represents the mean vector of all facial images, and n i  t e tota  n m er o  
eigenvectors n   e recon tr ction o  acia  image  a e  on ation  o e  
t at acia  te t re a  re tore  a  t e acc m ate  co er ratio  increa e  ig re .  

2.3 Identification of ACR bands related to face shine 
A method for extracting the feature of face shine from the reconstructed facial images it  

i erent  e e  a  e e o e . As is e i ent in t e com ari on et een 

Figure 1: Multi-angle Image 
Capturing System.  
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reconstructed facial 
image  it  i erent 
feature of face shine 

o n in ig re 3 a  
to c  the differences 
did not clearly emerge 
for the “low-order” 
reconstructed images 

it  o   for 
example,    
in Figure 3  The 
differences  o e er  
are clearly recognized 
for the “high-order” 
reconstructed images 

it  ig    textural factors that determine the feature of face shine can e 
emerged at specific high-or er  an  on e ent  e attem te  to identify the 

 an  accor ing to t e o o ing  steps: 
 S ecti e e a ation a  carrie  o t to score the level of face shine for  facial 

images; 
 For the  facial images, reconstructed facial images ere nt e i e   ar ing  

accor ing to ation   ar ing increment a   ig re a ; 
3. esidual image  et een a acent recon tr cte  acia  image  ere com te  ig re 

 
 ariance of the computed residual images ere ca c ate  ig re c ; 
 The o taine  ariances or ario   ands ere accumulated. 
 The c m ati e a e  o taine  in step  ere com are  it  ecti e core  

o taine  in step  an  then  an  that have high correlation to t e ecti e 
scores ere identified. 

 In this study, the computational process represented in the a o e te  ig re  i  name  
“ igen ace e ection method”. 

Figure 3: Reconstructed images of faces with different types of facial 
shine.  

Figure 2: Shape-normalization via the warping technique. 
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3. RESULTS AND DISCUSSION 
e ecti e core  or t e e e  o  ace ine are  a  o n in ig re , highly correlated 

to t e c m ati e a e  o  t e ariance or t e  ands ranging rom  to  In 
particular  t e corre ation reac e  t e ma im m at t e  an  rom  to  
Therefore, ace ine can e e icient  anti ie   c m ati e ariance a e at t e an  
of     ig re  o  t e e am e o  acial images reconstructed using the 
eigenvectors of t e    Interestingly, textures derived from face shine as e  
as fine oca  skin unevenness such as pores are clearly extracted in the reconstructed 
facial image. 

Next, e evaluated the relation i  et een t e c m ati e a e  o  ariance at the 
 an  rom  to  an  t e e ira i it  o  ace ine core  ia ecti e 

e a ation t e n m er o  te t image  i   on e ent  a  o n in ig re , the 
o o ing results ere o tained: 
 Facia  image  it  n e ira e shine have large cumulative variance at t e  an ; 
 Facial images it  excessively matte impression have small cumulative variance at the 

 an ; 
3. Facia  image  it  e ira e im re ion like “perceived translucency” have an 

intermediate cumulative variance at the  an . 
it  re ect to  acia  image  it  ot  ace ine an  local skin unevenness such as 

conspicuous pores have a large cumu ati e  ariance rom  to  This 
suggested that local skin unevenness is one of the main factors that deteriorate face shine. 

it  re ect to  t e c m ati e  ariance rom  to  ecomes ma  en 
ot  face shine and local skin unevenness are excessively a ent  n this case, the faces 

look unnatural, and conse ent  give negative impression even though skin unevenness is 
restricted  ina  it  re ect to  t e re t o  t at a moderate level of shine it  
suppressing local skin unevenness provides a a ora e im re ion o  facial appearance. 
These discussions provide  it  im ortant insights for the design of foundation: in order  

Figure 4: Computational process for the quantification of facial texture 
(“Eigen Subspace Selection Method”). 
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Figure 6: A typical facial image with shine (Original) and its reconstructed image at 
ACR 82~97%. In this ACR band, local skin unevenness such as pores is clearly 
extracted in the area of face shine. 

Figure 5: Correlation between the cumulative values of variance at various ACR bands 
and scores of the subjective evaluation for the level of face shine. 

 

Figure 7: Relationship between subjective scores for the desirability of face shine and 
computational values via the proposed method (“Eigen subspace selection method”). 
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to develop foundation that achieves e ira e facial appearances, it is critical to effectively 
restrict local unevenness of facial skin it  providing moderate shine. 

4. CONCLUSIONS 
We evaluate features of face shine a e  on t e ne -developed tec ni e, “Eigen ace 
selection method”. In this method, facial images that have different  are first 
reconstructed ing P . Then, the variance of residual images from the reconstructed 
facial images is used to anti  textures that determine feature of face shine. The results 

o  t at texture extracted at  an  from  to   relates to the feature of face 
shine. t t e an  local skin unevenness such as pores is mainly expressed. Therefore, the 
result suggests that restriction of the unevenness it  providing moderate face shine is 
important for the development of foundation that achieves a ora e acia  a earance . 
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ABSTRACT
In the field of the image synthesis, the simulation of the material’s appearance requires the 

rigorous resolution of the light transport equation. This implies to take into account all the elements 
that may have an influence on the spectral radiance, and that are perceived by the human eye. 

io  t e re ectance ro ertie  o  t e materia  a e a ma or im act in t e ca c ation  t ot er 
ignificant ro ertie  o  ig t c  a  t e ectra  i tri tion an  t e o ari ation m t e ta en into 

account, in order to expect correct results. The image rendering under natural light is very dependent 
o  a rigoro  c aracteri ation o  t e o rce  n ort nate  rea  ma  o  t e o ari e  or ectra  
environment corresponding to a real sky do not exist, except only for a few simplistic parametric 
models. Therefore, it seemed necessary to focus our work on capturing such data, in order to have a 
system to quantify all the properties and capable of powering our future simulations in a renderer. 

n t i  or  e e e o  an  e c aracteri e a e ice e igne  to ca t re t e entire ig t 
environment, by taking into account both the dynamic range of the spectral distribution and the 
o ari ation tate  in a mea rement time o  e  t an t o min te  S  ig t i  co ecte   a fi e e 
en  t ro g  a erie  o  o ari ing an  an a  i ter  mo nte  on t o motori e  ee  ac  

sequence of (6 x 17 = 102) images is recorded by a “Wide Dynamic Range” CMOS sensor. Thereafter, 
t e image  are roce e  an  tran cri e  in a ata ormat  in ire   o arimetric imaging an  fitte  
for a spectral rendering engine, which exploits the “Stokes-Mueller formalism.”

We are assuming that the proper consideration of this new information will improve:
- The accuracy of color and aspect reproduction.
 ficienc  o  t e im ation or e era  ecific e ect  c  a  a or tion  i er ion  i raction  

interference, ...).
- Anticipate the metamerism phenomena.

High Dynamic, Spectral and Polarized
Natural Light Environment Acquisition

Philippe Porral1, Patrick Callet1,2 , Philippe Fuchs1

1Robotics Lab, MINES ParisTech,France
2 Applied Mathematics and Systems Laboratory, CentraleSupélec, France

ABSTRACT
In the field of the image synthesis, the simulation of material’s appearance requires a rigorous
resolution of the light transport equation. This implies taking into account all the elements
that may have an influence on the spectral radiance, and that are perceived by the human eye.
Obviously, the reflectance properties of the materials have a major impact in the calculations,
but other significant properties of light such as spectral distribution and polarization must
also be taken into account, in order to expect correct results. Unfortunately real maps of the
polarized or spectral environment corresponding to a real sky do not exist.

Therefore, it seemed necessary to focus our work on capturing such data, in order to have
a system that qualifies all the properties of the light and capable of powering simulations in a
renderer. As a consequence, in this work, we develop and we characterize a device designed
to capture the entire light environment, by taking into account both the dynamic range of
the spectral distribution and the polarization states, in a measurement time of less than two
minutes. We propose a data format inspired by polarimetric imaging and fitted for a spectral
rendering engine, which exploits the ”Stokes-Mueller formalism.”

Keywords: global illumination, spectral rendering, polarization, HDRI, Stokes vectors,
Mueller matrix

1. INTRODUCTION
The fundamental rendering equation (1) proposed in 1986, [Kajiya, 1986] formulates the
mechanism of light/matter interactions.

Lo(x, ω⃗,λ) =

∫

Ω

Li(x, ω⃗
′,λ)f(x, ω⃗, ω⃗′,λ)(ω⃗′.n⃗)dω′ (1)

Wherein:

• L is the light information.
• f is the Bidirectional Scattering Distribution Function (BSDF), characterizing the go-

niometric behavior of matter with a light hit.
• the additional factor is the indicator’s angle on the impacted shape.

Obviously, this equation confirms the essential role of light. To expect a correct resolution,
it is essential to take into account the totality of the physical nature of light, ie:

• Intensity, wavelength, phase, polarization.
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Unfortunately, with a very few exceptions, in the current synthesis imaging softwares, the
spectral composition and especially the light polarization is neglected. Sometimes this is
justified by some simplifications, or by the unavailability of the necessary informations for
rendering methods. This leads to inaccuracies, or worse, to significant errors as shown in
figure (1) or just impossible image calculations.

(a) No polarization (b) With polarization
Figure 1: Brewster experience simulation. At an incidence equal to the Brewster angle θ, the
TM wave (p polarization) is totally transmitted and the reflected beam disappears.

In order to answer this need, we propose the development and characterization of a device
for the acquisition of the natural light environments, taking into account the range of light
intensity, the spectral distribution and the polarization. The obtained informations will be
processed and stored in a specific format to make them usable in a spectral renderer adapted
accordingly based on the ”Stokes-Mueller formalism”.

2. LIGHT ENVIRONMENT MODELS
2.1 Light Environment Models Classification
Since the first observation instruments seeking to discover the organization of the sky and
understand the optical phenomena that take place there, several descriptions and models
have been proposed and nowadays many scientific fields are involved in this knowledge. In
figure (2) we propose a classification of models and tools currently available. We excluded
works on specific visual phenomena as clouds, rainbows, halos . . . and focused on the only
influence of the couple sun/sky on objects for an observer at a place and at a specific time.

We will see that although used in the synthesis imaging tools, with a few exceptions, they
are either oversized or suffer from limitations.
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Figure 2: Proposed classification of existing works on Light Environments

2.2 Fundamentals
• Rayleigh scattering

At the end of the 19th century, [Rayleigh, 1899] developed a theory of atmospheric
scattering caused by the molecules of air. The results of his work formulate and spec-
ify the influence of this diffusion to the blue dominant color in the sky and the light
polarization levels, follows a λ−4 rule.

• Mie scattering
It is caused by particles whose size is in the same order of magnitude as the light wave-
length [Horvath, 2009], such as water droplets, volcanic ash, mist . . . It does not vary
significantly with the wavelength and is anisotropic. When there are relatively much
larger particles in the atmosphere, the sky whitens, this phenomenon being especially
common in the clouds or fog, which we perceive as white or gray.

2.3 Simulated Models
2.3.1 Atmospheric Models
In scientific fields such as: meteorology, climatology, astronomy, remote sensing . . . a lot
of relevant models are available. They are based on different mathematical techniques for
solving the radiative transfer equation and usually specialized in the study of very specific
problems. In fact, they are inadequate or completely oversized for our proposal. Limited
to operational solutions in the frequency band of the visible spectrum and taking into ac-
count the polarization, without being exhaustive, we can cite the software suite: libRadtran
[Mayer and Kylling, 2005 ], MODTRAN-P [Pust and Shaw, 2011]. All these tools are used
to model a majority of atmospheric conditions with high precision: direct solar spectral ir-
radiance, diffusion, atmospheric transmission, and polarization states with input data such
as: location, date and time, weather conditions, observation positions, temperature. All these
tools have been widely validated by many experiments and observations in particular with the
data tables proposed by Coulson [Coulson, 1988] as a reference. All these models produce
synthetic skies that correspond to theoretical or ideal conditions.

2.3.2 Participating Media and Sky Models
In 1976, [McCartney, 1976] provides extensive data on diffusion phenomena in different
weather conditions, characterized by the turbidity (T) parameter. In 1982, [Blinn, 1982] de-
veloped methods for simulating light scattering in volumes. This approach, based on results
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obtained in other scientific fields allows the computer graphics to benefit of these other sci-
ences. Blinn was the first to apply the radiative transfer theory in application to the synthesis
image generation in a participating environment. Many methods are available using an-
alytical skies: [Nishita and Nakamae, 1986], [Tadamura et al., 1993], [Nishita et al., 1993].
More specifically, in the field of computer graphics, in 1999, [Preetham et al., 1999] pro-
posed a model based on turbidity and designed for realistic rendering, that calculates the
sky appearance under different conditions taking into account atmospheric perspective. In
2012, [Hosek and Wilkie, 2012] introduced a new and more accurate model improving the
Preetham model. In almost all of the existing analytics sky models usable in synthesis imag-
ing, polarization is neglected, with the exception of [Wilkie et al., 2004], to our knowledge.

2.3.3 CIE Models
The CIE models are particularly important as a reference and are very generic, therefore,
they do not represent the reality for a given time and place as some simulation scenarios
require.

CIE Standard: Overcast Sky and Clear Sky [Illumination, 1996] shows two extremes sky
conditions, but of course in most cases, the reality is somewhere in between. In 1997, a new
luminance distribution model has been proposed by CIE, which ranks all the skies in fifteen
categories. In 2001, [Igawa and Nakamura, 2001] proposed to standardize all sky conditions
by providing their own luminance distributions. A numerical equation then is introduced
with the absolute values of the luminance and distribution of all types of sky, the clear skies
and overcast, can be estimated. This sky proposed as an advanced normalized sky is called:
All Sky Model. By in against all these models, the polarization is completely ignored.

2.4 Captured Models (HDRI)
The principle of high dynamic range imagery (HDRI) exists independently of computer
graphics. The use of HDRI in renderer has been proposed [Debevec, 1998] and many pub-
lications are available on this subject. The HDR technique captures all the light information
of a scene and reproduce all the details contained in both dark areas and bright ones whose
dynamics exceeds that of the digital camera sensor.

2.4.1 Acquisitions
The traditional technique of capturing high dynamic images [Stumpfel et al., 2004] is the
combination of several acquisition exposure time of the same scene with a Digital Still Cam-
era (DSC), by setting a film sensibility, and a fixed aperture. We adopt this technique for
the device that we propose, in addition it is important to note here that the HDRI cannot be
viewed as such and are inseparable from the ”Tone Mapper” operators.

2.4.2 Limitations
Although often used in computer graphics, HDR images are insufficient, they are coded in a
trichromatic system and provide no information about the polarization.

3. CAPTURE SYSTEM
The polarization of the light of sky itself has been the subject of many theoretical and
experimental studies, literature is important: [van de Hulst, 1948], [Chandrasekar, 1950],
[Coulson, 1988], [North and Duggin, 1997], [Voss and Liu, 1997]. Several solutions ensur-
ing the capture of a sky with some or all the required features are available. All the existing
devices are used in measurement of the sky polarization, or location-based applications.
None thought of as capturing light environment system for synthesis of imaging applica-
tions. In 1997, [Voss and Liu, 1997] shown a system based on a Charge Coupled Device
(CCD) to measure the distribution of the polarized radiance of the light of the sky. In 2006,
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[Pust and Shaw, 2006] proposed a comprehensive system based on ”Liquid Crystal Variable
Retarders” (LCVR). In 2014 [Zhang et al][Zhang et al., 2014] proposed a similar system also
based on LCVR, focusing mainly on settings and calibrations LCVR.

3.1 Adopted solution
After an accurate analysis of the information available in the literature, we discarded the so-
lutions using LCVR, for reasons of electronic complexity. So we focused on a device similar
to the one proposed in 2010 [Miyazaki et al., 2010], by supplementing it with measurements
by spectral bands rather than only trichromatic. We focused on an optical system assembly
with motorized filter wheels and slave as shown in figure (3).

Figure 3: General principle of the proposed capture device

3.2 Hardware
The fish-eye is an objective of the brand ”SUNEX” with a NIKON mount type (F), focal
length: 5.6 mm, fixed aperture: F / 5.6, field of view: 185◦, image circle: 14.5 mm. The
optical relays have been specially designed with a particular care for ensuring an optimal
collimation of the rays before the passage of the filters, as well as their focus on the sensor
plane. Filters are carried by two servo motor and wheels, the first wheel comprises seven
combinations of polarizing filters and an empty space. The distribution is as follows:

• 0◦ Polarizer: one polarizer at 0◦ orientation
• 45◦ Polarizer: one polarizer at 45◦ orientation
• 90◦ Polarizer: one polarizer at 90◦ orientation
• 0◦ Polarizer 45◦ WP: one polarizer at 0◦ orientation + one wave-plate at 45◦ orientation
• 0◦ Polarizer 135◦ WP: one polarizer at 0◦ orientation + one wave-plate at 135◦ orien-

tation
• 90◦ Polarizer 45◦ WP: one polarizer at 90◦ orientation + one wave-plate at 45◦ orien-

tation
• 90◦ Polarizer 135◦ WP: one polarizer at 90◦ orientation + one wave-plate at 135◦ ori-

entation

The second wheel comprises 16 color filters from 400 to 800 nm with a pitch of 25 nm.
The sensor is a CCD (KAI-08670) of the brand ”ON Semiconductor,” a resolution of 3600
(H) x 2400 (V) pixels (APS-H optical format). Connections to an external computer are
made via an USB interface, both for the camera control and for the filter wheels, a specific
program was carried out accordingly. The GPS coordinates, and the date/hour of use are
recorded. An accelerometer measures the potential vertical faults. All these informations are
automatically saved in a file for future use.
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3.3 Calibrations
The following characteristics are taken into consideration, which describe the influence of
the acquisition device on the incident light, by both the optics, the various filters and the
sensor.

• The Mueller matrix of the fish-eye in function of the light incidence angle from the
optical axis.

• The fish-eye angular distortion, ie the angular distance relative to the zenith angle of
incidence, in theory they are equal.

• The sensor radiometric response.
• Light intensity evolution of the sensor as a function of incidence angle.
• Polarizing filters transmission according to the wavelength.
• The response curves of the color filters.

To determine the changes undergone by the incident light through the system, we must
determine its Mueller matrix: M(θ) as a function of incidence angle θ. In the general case,
this amounts to determine 16 values: M1,1(θ), M1,2(θ), M1,3(θ) . . . In our case, it is not
necessary to determine all of the elements. The sensor is only sensitive to the incident light
intensity, only the first line (M1,1(θ), M1,2(θ), M1,3(θ), M1,4(θ)) must be determined. Gen-
erally the sky light is not circularly polarized [Coulson, 1988], so we do not need to acquire
M1,4(θ), anyway we will do it, at least to check.

4. SPREAD OF LIGHT BEAMS IN A RENDERING ENGINE
Simulation polarization effects in image synthesis has until recently been generally over-
looked. One of the main reasons why the polarization has been neglected is the general
feeling that the polarization effects have minimal contribution to the appearance of a scene.
However, many real-world scenes present significant polarization effects; such as the bright-
ness of the glazing, large water surfaces, discoloration metallic objects and thoughts. All
things being equal, the rendering engine will be adapted accordingly:

• Ray Tracing conventional
– Scalar intensity
– Scalar reflection and transmission

• Ray Tracing polarized
– Stokes vectors (4D)
– Mueller matrices (4x4)

This requires a specific treatment rendering engine level, considering a vector mathemati-
cal formulation and not scalar. Very few articles are available.[Wolff and Kurlander, 1990],
[Freniere et al., 1999], [Wilkie and Weidlich, 2010]

5. CONCLUSION
To provide an answer to the problem of inconsistency in terms of the nature of the data in
traditional synthesis imaging tools, it is essential to have all the information in the same
formulation. The light is obviously the key point. We propose a capture system for the light
measurement designed for computer graphics to adapt and complement current methods
of resolutions of the rendering equation. We hypothesize that the knowledge of this data,
operating in a rendering engine, will:
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5. CONCLUSION
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• Improve trick play of colors and aspects.
• Simulate specific effects (absorption, dispersions, diffractions, interference...).
• Anticipate the phenomena of metamerism.
• Improve the match between real environments and simulations in augmented reality

applications.
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ABSTRACT
ntere t in t e ectra  re ectance o  man in a  een great  tim ate   t e increa e  

nee  or a n amenta  n er tan ing o  man in a earance  inc ing in co o r re ro ction 
or gra ic art  in igmentation re iction or t e co metic in tr  in co o r mea rement 
or t e iagno i  o  c taneo  i ea e  in co o r matc ing or o  an  ma i o acia  o t ti e 
ro t e e  n com ari on to  co orimetr  in ectra  re ectance ata are more in ormati e 
ince t e  ro i e in ormation a o t in co o r in e en ent o  t e re ai ing i mination an  can e 
irect  in e  to in c romo ore

Pre io  t ie  a e o n  t at t ree a i  nction  o taine   Princi a  om onent na i  
P  are ficient  acc rate to e cri e t e ectra  re ectance o  man in an  t ere ore t e 

ectra  re ectance can e e timate  or eac  i e  o   acia  image  o e er  man in i  a 
non at m ti a er materia  it  non ni orm co o r ro ertie  en a con entiona  met o  or 
camera co o r rofi ing ing a tan ar  co o r c art i  a ie  to ma e in co o r re iction  t e 
re icti e error i  arge  i  ma  e ca e   t e materia  i erence et een t e in co o r c art 

an  man in  an  t e ni ormit  ro em in ot  t e co o r c art an  t e ect  ace
e aim o  t i  t  i  to e e o  a ne  in re ectance re con tr ction mo e  ic  i  

ena e  to re ict in re ectance rom a  acia  camera image  mage  o  man ace  rom 
 ect  eac  or a ine e an  a ca ian et nic gro  ere ca t re  ing a i on camera 
tem n er contro e  ie ing con ition  an  ectra  re ectance nction  o  t e in ere 

o taine  in o r acia  area  ing a onica ino ta   ectro otometer  at er t an ing a 
tan ar  co o r c art  a re ectance re con tr ction mo e  a  e e o e  ing in co o r  o  a et 

o  t e ect  an  e a ate  ing t e remaining et  e i  oc  on o  t e training co o r  are to 
e e ecte  an  t e reci e mat ematica  mo e  o e  er ormance  ing rea  in co o r  a  e  a  

t e tan ar  co o r c art  i  e i c e
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ABSTRACT 

A in ectra re iction mo e  as developed to transform camera  of in image to 

in ectra  re ectance. S in co o r mea rement an  in image ca t re ere con cte  
for  a ca ian  an   ine e. Rather than using a standard colour chart, in co o r 
of et o  ect  ere e  to it t e mo e . Using t e remaining ect  in co o r 

ata  t e ro o e  mo e  ere evaluated ing  co o r difference et een e ice 
mea re  in ectra an  mo e  re icte  spectra under three typical illuminations (D65, 

CWF and A).  Results o e  t at ing ma  n m ers o  ect in data, a satifistory 

colour reprpodcution can e achieved en a linear transform from  camera  to CIE 

XYZ tristimulus values a  a ie .  

1. I OD C IO  
ntere t in t e ectra  re ectance o  man in a  een great  tim ate   the 

increased need for acc rate man in colour for various industrial and medical 

applications, inc ing in co o r re ro ction or gra ic art  in igmentation 
re iction or co metic in tr  in co o r mea rement or t e iagno is of cutaneous 

disease and in co o r matc ing or o  an  ma i o acia  o t ti e ro t e e  While 

 o orimetr  i  e  or e ining in co o r n er a particular illumination 

condition, in ectra  re ectance ata contain all the necessary information to predict, 

mo e  an  im ate in a earance n er an  i mination con ition  rt ermore  in 
spectra can a o e in e  to in c romo ore  an  therefore provide an opportunity to 

e tract im ortant ea t -related information using only optical, non-invasive in 
measurements.   

It has previously een o n t at t ree a i  nction  o taine   Principal 

Component Analysis (PCA) are sufficient to accurately e cri e t e ectra  re ectance o  
man in, t ere  a o ing t e formulation of an algorithm for the estimation of the 

spectral reflectance of each i e  o  an  image [1].  o e er  since man in i  a 
non-flat multi- a er materia  it  non-uniform colour properties, e o n  arge re icti e 
errors on using a conventional method (i.e. a standard colour chart) for camera colour 

profiling. This could e ca e   materia  i erences et een the in co o r c art an  
the man in, and ac  o  ni ormit  in ot , the colour chart and the ects’ faces).     
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The aim of this study is to de e o  a ne  in re ectance re-construction model to 

re ict in re ectance from facial images. Facial images from 132 ect   Chinese 

and 61 a ca ian  ere ca t re  ing a i on camera tem n er contro e  ie ing 
conditions. The reflectance o  t eir in from four facial areas a  a o measured using a 

onica ino ta   ectro otometer  at er t an ing a tan ar  co o r c art  a 

reflectance re-con tr ction mo e  a  e e o e  ing the in co o rs of a et o  the 

ect , and evaluated using t e remaining ect  e e ect o  t e election of training 

colours a  investigated.      

2. OD 

2.1 S in colo r ata a e 
 in co o r ata a e a  co ecte  at t e niversity of Liverppol in co a oration it  

the University of Leeds. A Konica Minolta CM-  spectrophotometer using the CM-SA 

in ana i  so t are a  e  to o tain in co o r mea rement  an  spectral 

reflectance data in the range nm to 0 nm, sampled at intervals of 10nm.  During the 

measurements  a ie ing geometry of d/8 (diffuse illumination, 8- egree ie ing  a  
used, it  t e ec ar com onent inc e  an  t e a ert re i e et to mm   For each 

ect  in colour measurements ere o tained from four o  area  - forehead, c ee  
c ee one an  nec . Information on age,  gender and ethnicity a  a o co ecte .  

   S e ent  eac  ect at in a eri i e acia  image ie ing ca inet it  a i e  
D65 lighting, an  t eir acia  image a  ca t re   a i on  S  camera  

eri i e igieye so t are a  e  to man a  contro  camera etting  c  a  e o re  
focus, ISO. Each facial image a  a e  a  a camera  image    

   o ate  in co o r  o  132 ect   a ca ian  an   ine e  a e een 

o taine . Figure 1 illstrutrates the chromaticities and lightness o  in co o r  in ot  the 

Chinese (solid diamonds) and the Caucausian samples o en are  in  co o r 
space [2]. Figure 1(a) o  the measured colours in the  a -  c romaticit  

iagram  erea  ig  o  the same data in a chroma (saturation) - lightness 

diagram.   
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    Figure 1: Colour specifications of the new skin colour database. 
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2.2 S in re lectance re iction mo el  
S in ectral reflectances ere predicte  rom t e camera  a e   a t o-step 

model. In the first step, camera colour characterisation a  er orme  to tran orm  to 
to CIE XYZ tristimulus values ing e ation . Here,  ] e ation   denotes the relative 

colour density calculated from the CIE XYZ coordinates, kU  denotes a vector composed 

of o er-products of  device- e en ent  coordinates up to t e th
 degree, and M 

denotes the re ire  transform [3]. Three forms of kU  a  o n in e ation    an   
ere con i ere   e e corre on  to inear  nd

 and 3
rd

 order regression models 

respectively. The per ormance o  t e e regre ion mo e  a  com are  
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In the second step, reflectance spectra ere reconstructed, i.e. the spectra ere eri e  

from the  CIE XYZ tristimulus values. Principle component ana i  a  er orme  ing 
our ne  ectra  in ata a e [4]. Using t e a i  nctions  an  the ASTM 

coe icient matri  (MASTM  ectra  re ectance o  in co o r can e re icte  from the 

  tri tim  a e  ing  e ation   an   MASTM com ines ectra  o er 
i tri tion o  the illuminant and the CIE 1931 colour matching function. 

¸
¸
¸

¹

·

¨
¨
¨

©

§
 �

Z
Y
X

BM ASTM
1

)(E
                                                                      (6) 

EEEE Bbbbr  ��| )3(

3

)2(

2

)1(

1
                                                       

2.3 Selection o  in colo r ata a e  
ree in co o r ata a es (Chinese, a ca ian an  com ine  ere e . For each 

in i i a  ata a e  a et o  in co o r  a  used as the training set to develop the 

model, and the remaining ectra ere used as the testing set to evaluate model 

performance. For the camera c aracteri ation mo e  t ere i  a a  a tra eo  et een 
selection of training colours and the accuracy of the model performance. In general, a 

arger n m er o  training co o r  ro i e  a etter mo e  t in mo t a ication  a small 

n m er of training colours is desirea e. To investigate the effect of the n m er o  training 

colours, s -sets ranging from 1% to 50% o  t e tota  n m er o  am e  ere e  for 
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    Figure 1: Colour specifications of the new skin colour database. 
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training. Training colours ere c o en ran om  rom a ni orm i tri tion an   
iteration  ere er orme    

2.4 al ation o  the in ectral re iction mo el 
To evaluate performance of the in re ectance re-construction, te t in co o r  ere 
used to predict the in ectra  re ectances for each model. Colour differences for each 

air o  in ectra  mea re   re ice  in ectra  ere ca c ate  for three typical 

Illuminants (D65, A and CWF) using the  co o r i erence orm ar  A median 

mean a  ca c ate  to re re ent mo e  er ormance or all testing colours.  

 S S D DISC SSION 
or eac  e e  o  training ercentage i e  t e ro ortion o  in spectra used as the training 

et   t e goo ne  o  t e in re iction mo e  a  e a ate  sing the remaining set of 

spectra as a test set.  Figure 2 s o  t e mean co o r i erence   a  a nction 
of the training percentage, for the three different model assumptions: the linear transform 

e o i  ine , 2
nd

 order polynomial regression (red dashed lines) and 3rd order 

polynomial regression (green dotted line). Results for the chinese, caucasians and 

co mine  ata a e are o n in figures  a  and c respectively.       

Our main result is that all three models converge to a o t 3' a  preditive error, 

indicating that, in princple, an acce ta e co o r reproduction can e ac ie e   The 

linear model converges m c  a ter at a o t   t an t e 2
nd

 order  and 3
rd

 order models 

at a o t 10% and 20% respectively). The performence is very consistent across different 

ethnicities  fastest con ergence occ r  or t e com ine  in ata et ic  ma e  e o  
ot  t e c ine e an  t e ca ca ian in ectra.   

 

 
                                                                    ( a ) 
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Figure 2 : Model performence for different training set percentages .  
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 CO C SIO S 

ing a arge et o  ectra  in ata  a in ectra  re iction mo e  a  developed and 

evaluated using different proportions of training and test data.  The e t er ormance i  
achieved  assuming a linear transform from device-dependent camera  to device-

independent CIE XYZ tristimulus values. Convergence is slighltly faster en in ectra 
rom ot  c ine e an  ca ca ian et nic gro  toget er it  t e inear tran orm are used.  
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ABSTRACT
ontin ing o r re io  re earc  on co or image com re ion  e mo e to ar  m ti

ectra  image com re ion  ti ectra  mage  can e e ten e  e on  t e i i e range o  
e ectromagnetic ectr m an  eac  i e  ectra i  norma  am e  an  tore  at nm  nm or  
nm intervals. So this enormous amount of data needs more space to store and more time to transmit. 
To manage this sheer amount of data, researchers have employed and investigated different data 
com re ion tec ni e  o t at image a it  can e con er e  an  com re i i it  can e im ro e  
While developing a compression algorithm, information loss and processing complexity should also 
e con i ere  a ong it  t e com re i i it  e rinci e com onent ana i  P  com ine  it  
P  a  een em o e  to re ce t e imen ion  o  ectra  image  to ac ie e ig  com re i i it  

an  er ormance  n t e c rrent or  ee ing in min  t e roce ing com e it  o  P  a im e 
inter o ation tec ni e ca e  c ic ine inter o ation S  a  e  in ama gamation it  o  
e  P  to re ce t e imen iona it  in t e ectra  omain o  m ti ectra  image  e 
S  i  re erre  o er ot er o nomia  inter o ation tec ni e  eca e o  it  ro tne  again t o 

ca e  nge  enomenon an  e ecia  moott ne  at t e e ge  ic  i  er  im ortant i e 
oing image ca c ation  nitia  o r er ectra  image  ere ta en a  te t image  e S  

an  P  ere em o e  one  one in t e ectra  omain an  o e  P  in atia  omain  e 
er ormance re t  o  ot  a gorit m  ere t en com are  in term  o  com re i i it  roce ing 

com e it  an  acce ta i it  ree mea re  inc ing com re ion rate  roce ing time  
an   co or i erence orm a ere e  or er ormance ana i  e  i  

 co or i erence orm a  e t corre ate  it  t e man i a  erce tion  e t re t  o e  
t at or a fi e  a e o  com re ion rate  S  a e  a gorit m ga e acce ta e er orme  in term  o  

 t a  o n  e  com e  an  com tationa  m c  c ea er com aring it  P  e t  
o e  t at roce ing time o  P  a e  a gorit m increa e  inear  t t at or S  it remain 

a mo t con tant a ter certain increa e in i e o  image   om tationa  e ficienc  ecome  e en more 
im ortant en arge i e ectra  image  nee  to e com re e  t at ma  ta e e era  min te  to 
roce  e en on a o er  com ter  it  t e increa e o  image i e  com e it  o  P  increa e  

ra i  an  ence ta e  more time to roce  e o er e  t at or an image o  a o e  i e  
i e ic  i  norma  a com ter tem it   rimar  memor  a e gone o t o  memor  in 

t e P  a e  a gorit m i e t i  i  not a en or S  a e  a gorit m  e are a o con cting 
c o ica  e eriment   inc ing more n m er o  image  an  tati tica  re t  i  e 

reported in the full paper.
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ABSTRACT 
ontin ing o r re io  re earc  on co or image com re ion  e mo e to ar  ectra  

image compression. This enormous amount of data needs more space to store and more 
time to transmit. To manage this sheer amount of data, researchers have investigated 
i erent tec ni e  o t at image a it  can e con er e  an  com re i i it  can e 

im ro e  e rinci e com onent ana i  P  can e em o e  to re ce the 
imen ion  o  ectra  image  to ac ie e ig  com re i i it  an  er ormance  e to 
roce ing com e it  o  P  a im e inter o ation tec ni e ca e  c ic ine 

inter o ation S  a  con i ere  to re ce t e imen iona ity of spectral domain of 
ectra  image  e S  an  P  ere em o e  one  one in t e ectra  omain an  
ere ama gamate  it  t e P  ic  a  em o e  in atia  omain  ree mea re  

inc ing com re ion rate  roce ing time  an  co or i erence  
ere e  or er ormance ana i  e t re t  o e  t at or a i e  a e o  

com re ion rate  S  a e  a gorit m er orme  oor in term  o  'E , in comparison 
it  P  t i  ti  re ia e eca e o  ma  co or i erence  n t e ot er an  it a  

o er com e it  an  i  com tationa  m c  etter a  com are  to P  a e  
a gorit m  e ecia  or ectra  image  it  arge size images.   

1. INTRODUCTION 
n a t t o eca e  eman  o  ig  ee  ata tran er an  ig  e e  o  ata com re ion 

have increa e  an  it a  een a ot to ic o  re earc  in t e area of signal processing and 
comm nication   image  are a a  a rea ona e art o  ata t at i  eing tran mitte  
or tore  image com re ion tec ni e  a  an im ortant ro e to com re  c  ata  e 
i a  in ormation i  com re e   man i a  tem an  ti  it ro i e  ig  a it  

of image and true color information. This information motivated researchers to compress 
i a  ata or image  in a a  t at t e com re e  in ormation o  e re ia e an  co or 

in ormation o  not c ange  mo t t e ame rate o  com re ion a  ac ie e  in early 
90’s for the color images. 

oncerning multi-spectral or hyper- ectra  imaging ic  a e a n m er o  ectra  
an  t eir acce i i it  i  in ere   t e comm nication an i t  an  image size. 

e e imitation  ma  e a e iate   e icient image com re ion   e co rt et a  
proposed an adaptive multi-re o tion a e  m ti ectra  imaging tec ni e tit te  

it  P  a gorit m e co rt  ar a  an  ei  ro o e  t o co er c emes, one 
to remo e ectra  re n anc  an  anot er a e et a e  co er to remo e ecia  
redundancy, in the multispectral images ar a  . N. Salamati et al., proposed a 
co er t at t  a t re o  on  com onent  e to ig  corre ation et een i i e 
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co or  an  near-infrared components of four channel multispectral images. They also 
com are  t eir re t  it  P  an  P  a e  com re ion tec ni e  an  o n  
almost the same compression rate Sa amati  anta an  Poggi  ro o e  a re  
re icti e ector anti ation a e  tec ni e or m ti ectra  image  anta . In 

thi  or  ot  atia  an  ectra  e en encie  ere e oite   ang e  Eigen-
a e  egmentation or m ti ectra  image com re ion ang .  agna o  et 

a  ro o e  c a i ie  tran orm co ing a e  ectra  image com re ion tec ni e in 
or er to o er t e com tationa  com e it  agna o    an    o er  
ama gamate  P  it  P  or er-spectral image compression   

e oint otogra ic e ert  gro  P  ro o e  an a gorit m ca e  P  ic  i  
the most common  e  image com re ion tan ar   e ecting a tra eo  et een 
image a it  an  rate o  com re ion  it can ac ie e a egree o  com re ion t at i  
desired depending on the application S o ra  .  e c ic ine inter o ation S  
i  a e t o nomia  a e  inter o ation tec ni e t at i  moot  on t e e ge  e to it  
trict con traint o  contin it  at econ  eri ati e  t i  a com tationa  im e an  ro t 

tec ni e  t can e com ine  it  P  or image com re ion   

In the current or  e continued our previous research on color image compression 
Sa ar  e a e incor orate  c ic ine inter o ation S  into t e P  

a gorit m to com re  m ti ectra  image  e S  a  e  to com re  ectra  
omain i e P  a  em o e  to re ce atia  imen iona it  e re t  o  ot  

met o  ere com are  an  ana e  on t e a e  o  com tationa  com e it  an  
a it  o  t e image re ce  e to com re ion   

2. METHOD 
e rinci e com onent ana i  P  a  i e  een used for spectral reduction and 

spectral de-correlation in multivariate data analysis   P  ractica  ro i e  
optimal and excellent de-corre ation in tati tica  en e  t t e time o  training o  a  P  
P  i  common  no n a  t e ar nen o`e e tran orm  in ic  ca e a er-

ectra  image it   ectra  an  ro ce  an  nitar   tran orm matri  
eca e o  eing ata e en ent matri  it m t e comm nicate  to t e eco er in an  

- a e  com re ion tem  ternati ely, corresponding to the P largest eigenvectors, 
 training in t e  tran orm matri  P  can e ect ate imen iona it  re ction  The 

ata o me a e  to t e enco er t en a  P   rat er t an  ectra  components, and 
t e re ting P P  matrix is communicated to the decoder.  

e P   tan ar  a  e  in t e c rrent or  e P  tran orm matri  an  ata 
mean ector ere generate  in  t e a a  enco er er orm  t e ectra  
tran orm im icit  re cing t e ectra  imen ionalit  i  P  an  t en em e  t e 
mean ector a  e  a  t e in er e tran orm matri  into t e P  it-stream. The 
enco er a tomatica  a ocate  rate im taneo  acro  t e P P  to e co e  i e  o t-
compression rate- i tortion P  o timi ation is applied simultaneously to all code 

oc  in a  P  to o tima  tr ncate t e em e e  it tream or eac  co e oc  n t e 
reconstruction process, the Kakadu decoder automatically extracts the transform matrix and 
mean vector and then applies them a ro riate  a ter t e it tream a  een eco e    

.  
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e to roce ing com e it  o  P  a im e a gorit m i  nee e  to re ce 
imen iona it  o  ectra  ata  e c ic ine inter o ation S  a  con i ere  ere to 

reduce the dimensiona it  o  ectra  omain o  m ti ectra  image  S  e S  a  
em o e  in t e ectra  omain a ong it  t e P  t at a  em o e  in atia  omain  

o n am ing tage e ore t e a e ine P  a  i e  to a oi  t e o  o  eer 
information in ot  t e a gorit m  e er ormance re t  o  ot  a gorit m  ere t en 
com are  in term  o  com re i i it  roce ing com e it  an  re ia i it .  

3. RESULTS AND DISCUSSION 
Four spectral images ere e ecte  to te t ot  com re ion algorithms. Selected four 
images that inc e man in co or  nat ra  o ect  ar  co or  an  mo t i e  e  
test color checker chart, are o n e o  ig re . e image  ere name  a  a ca ian 
male, red ro e  tomatoe  an  ac et  co or c ec er a  re ecti e  Three measures 
including compression rate  roce ing time p  an   ere e  or 
er ormance ana i  e  i   co or i erence orm a ic  i  e t 

corre ate  ith the human visual perception o . 

 
Figure 1: Selected test images 

e image  ere ca c ate  ing A  e com re ion rate a  i e  at  an  
er ormance o  ot  a gorit m  a  te te  in term  o  a it  o  i a  er ormance an  

computational complexity. The average results of image ca c ation  a e een o n ee 
a e . The results in a e  o  t at 'E  or P  a e  a gorit m i  m c  o er 

a  com are  to S  a e  a gorit m  n  ot  a gorit m  a e i erent er ormance or 
different images of same size that is the effect of spatial non-uniformity on the 
com re i i it  The Fig.  o  t e ogarit mic a e  o  roce ing time o  t o 
algorithms at different image i e  t can e een rom ig   that increasing the image size 
processing time of P  a e  a gorit m increa e  ra i , i e S  a ed algorithm does 
not add that much computational com e it  it  t e increa e o  image i e  

eing co or cienti t  e e ie e t at co or i erence e  t an  'E  units is tolera e  
e t re t  o e  t at or a i e  a e o  com re ion rate  S  a e  a gorit m 

performed poor in terms of 'E  in com ari on it  P  t i  ti  re ia e eca e o  
ma  co or i erence it  t e origina  image ata  n t e ot er an  it a  o er 

com e it  an  i  com tationa  m c  etter a  com are  to P  a e  a gorit m  
e ecia  or ectra  image  it  arge n m er o  i e  t at ma  ta e e era  min te  to 
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roce  e en on a o er  com ter  it  t e increa e o  image i e  com e it  o  P  
increases rapidly and hence takes more time to process. 

 

Table 1. Summary of the results from spectral compression 

Algo. Name caucassian e  o e Tomotoes ac et  

S  an  P      

P  an  P  2    

 

 
Figure 2: Processing time plotted against image size. 

 

4. CONCLUSIONS 
o i erent tec ni e  c ic ine inter o ation S  an  rinci e com onent ana i  

P  ere em o e  one  one in t e ectra  omain an  ere ama gamate  it  t e 
P  ic  a  em o e  in atia  omain  e er ormance re t  o  ot  a gorit m  
ere t en com are  in term  o  com re i i it  and processing complexity. Test results 
o e  t at or a i e  a e of compression rate  S  a e  a gorithm performed poor in 

terms of 'E  in com ari on it  P  t i  ti  re ia e eca e o  ma  co or 
i erence it  t e origina  image ata  n t e ot er an  it a  o er com e it  an  i  

com tationa  m c  etter a  com are  to P  a e  a gorithm, especially for spectral 
image  it  arge size. With the increa e o  image i e  com e it  o  P  increa e  
rapidly and hence needs more time and memory to process. 
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ABSTRACT
it  t e e e o ment o  m ti ectra  camera  it a  ecome ea ier to ta e a m ti ectra  

image o  or inar  cene  i  mean  t at t e in ormation rom a m ti ectra  camera o  e 
a trong too  to o tain an  ana e t e co or in ormation o  ario  en ironment  o e er  it i  
com icate  to e tract co or in ormation rom ra  ectra  i tri tion ata in a m ti ectra  image 
ince a reci e co or ca i ration an  t e ca c ation  o  co orimetric a e  c  a  c romaticit  

coor inate  are re ire  
   e a e con tr cte  a tem ic  can ana e co or ata rom ectra  ata ta en  a 

m ti ectra  camera  ir t  n ni orm inten itie  an  t e a e o  ectra  i tri tion  in an image 
e to t e en iti it  o  eac  en or in a camera ere ca i rate  a e  on a ni orm re erence ig t 

t ro g  integrating ere  en t e   ere ca c ate  ing t e o taine  reci e ectra  
i tri tion  an  t e co or matc ing nction  t i  a o o i e to tran er to t e ot er c romaticit  
a e  c  a  t e  an  S cone re on e  it  t i  tem  e can ana e co or tati tic  
e g  a erage co or an  co or i tri tion  o  an image  an  a o can con ert t e m ti ectra  image 

to a  image
 an e am e o  a ication  e com are  t o e co or in ormation an  ectra  i tri tion 

to analyze and simulate the color appearance of normal color vision, dichromat and anomalous 
tric romat  e too  m ti ectra  image  o  tra fic igna  it  ne   an  o  t e am  e 

  c romaticit  coor inate  o  re  green an  e o  tra fic am  ere ca c ate  rom t e 
m ti ectra  image  e a o im ate  t e i erent egree  o  co or eficienc   i ting  or  
cone ectra  en iti it  a e  on a mo e  ro o e   ag c i et a  S  an  re ro ce  t e 
im ate   image  o  co or eficiencie  e e amine  im ate  c romaticit  coor inate  o  o  

an  ne  tra fic igna  e re t  o  t at t e im ate  c romaticit  coor inate  o  ic romat an  
anoma o  tric romat are i erent rom norma  co or i ion or ot  o  an  ne  tra fic igna  in t e 
ca e o  re  an  e igna  n t e ca e o  e o  o e er  t e im ate  c romaticit  coor inate  
o  ic romat an  anoma o  tric romat i  er  i erent rom norma  co or i ion or t e ne  tra fic 
igna  i e t ere i  no i erence or t e o  one  it  t o e im ate  image  it i  ea  to ee t e 
i erence o  t e norma  co or i ion an  co or e iciencie  i  t e o  ana i  it  t i  tem 
o  e im ortant or co or i ion re earc  an  co or ni er a  e ign  t i  gge te  t at o r tem 

contri te  to t  an  ana e ario  en ironment  ing m ti ectra  image  an  t eir ata

 

 

A system for analyzing color information with the multi-
spectral image and its application 
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ABSTRACT 
It has become easier to take a multi-spectral image of ordinary scene by newly developed 
multi-spectral cameras. We have constructed a system which can analyze chromaticity data 
from spectral data taken by a hyperspectral camera. We verified the accuracy of the data 
which taken by the hyperspectral camera. Although the accuracy would need to be improved, 
we were able to obtain chromaticity data useful for color analyses. We compared those color 
information and spectral distribution to analyze and simulate the color appearance of color 
deficiency for traffic signals with new LED and old type lamps. Using new XYZ tristimulus 
values derived from the cone fundamentals of CIE170-2 of red, green and yellow traffic 
lamps were calculated from the multi-spectral images. We also simulated the different 
degrees of color deficiency by shifting L or M cone spectral sensitivity. The simulated 
chromaticity coordinates of dichromat and anomalous trichromat are different from normal 
color vision for both old and new traffic signal in the case of red and blue signals. It was 
shown that our system can contribute to study and analyze various environments including 
color universal design using multi-spectral images and their data. 

1. INTRODUCTION 
With the development of multi-spectral cameras, it has become easier to take a multi-spectral 
image. This means that the information from a multi-spectral camera would be a strong tool 
to obtain and analyze the color information of various scenes. However, it is complicated to 
extract color information from raw spectral distribution data in a multi-spectral image since 
a precise color calibration and the calculations of colorimetric values such as chromaticity 
coordinates are required.  

Recently, a portable hyperspectral camera has been developed, and it has become easier 
to take multi-spectral image data in various outside environments. With multi-spectral image 
data, we can do lots of things such as analyzing color statistics of natural scene, applying for 
color appearance models. In this paper, we will introduce a method how to transform a multi-
spectral image to the CIE tristimulus values X, Y and Z. Meanwhile, it also can be simulated 
the color appearance of anomalous trichromat. As we all know, the CIE tristimulus values 
also can be convert to the CIE (x, y) chromaticity coordinates. With the CIE (x, y) 
chromaticity diagram, we can analyze the color between normal color vision and anomalous 
trichromat. This simulation model will be helpful for color universal design. 

2. METHOD 
We have constructed a system which can analyze color data from spectral data taken by a 
newly developed hyperspectral camera (NH-7, EBA Japan). The multi-spectral image data 
contains 1280 by 1024 pixels. Each pixel have the data of a spectral power distribution from 
350 nm to 1100 nm. We used the range of visible spctrum between 380 nm and 780 nm. 
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First, uniformity and the shape of spectral distributions in an image due to the sensitivity of 
each sensor in the camera were calibrated based on a uniform reference xenon light through 
an integrating sphere. Then the CIE XYZ were calculated using the obtained precise spectral 
distributions and the color matching functions. It is also possible to transfer to the other 
chromaticity values such as the CIELAB and LMS cone stimulus values. With this system, 
we can analyze color statistics (e.g. average color and color distribution) of an image. 

2.1 Model with CIE 1931 color matching function and further 
The CIE1931 XYZ was calculated using the obtained precise spectral distributions and the 
CIE 1931 color-matching functions by following equations. 

               𝑋𝑋 = ∫ 𝐼𝐼(𝜆𝜆)780
380 �̅�𝑥(λ)dλ  (1) 

               𝑌𝑌 = ∫ 𝐼𝐼(𝜆𝜆)780
380 �̅�𝑦(λ)dλ   (2) 

               𝑍𝑍 = ∫ 𝐼𝐼(𝜆𝜆)780
380 𝑧𝑧̅(λ)dλ  (3) 

Where 𝐼𝐼(𝜆𝜆)  is a spectral power distribution obtatined from calibrated data, and  
�̅�𝑥(λ), �̅�𝑦(λ), 𝑧𝑧̅(λ) are the CIE1931 color matching functions. With the above Eqs. (1), (2) and 
(3) , the spectral power distribution can be transform to the CIE tristimulus values X, Y and 
Z.  

               𝑥𝑥 =  𝑋𝑋
𝑋𝑋+𝑌𝑌+𝑍𝑍

    (4)  

               𝑦𝑦 =  𝑌𝑌
𝑋𝑋+𝑌𝑌+𝑍𝑍

    (5) 

With Eqs.(4) and (5), the CIE tristimulus values can be turn to the CIE1931 xy 
chromaticity coordinates. This method use the color matching function to convert the 
spectral power distribution to xy chromaticity.  

We verified the accuracy of this method using a hyperspectral camera (NH-7). We took 
the spectral data of a color checker in a booth illuminated by fluorescent lamps simulating 
D65. Then we calculated the CIE1931 (x, y) chromaticity data of some color in the color 
checker with the spectral data. Meanwhile, we also meansured the CIE1931 (x, y) 
chromaticity data of same color as above in the color checker with a spectroradiometer (PR-
680, Photo Research).  

 
Figure 1: CIE1931 xy chromaticity diagram of 5 colors in color checker 
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Figure 1 shows the data of 5 colors which contains white, blue, green, yellow and red. 
Comparing the 2 sets of (x, y) chromaticity data, white shows good consistency. Other colors 
show small differencies. The data which taken by the multi-spectral camera (NH7) would 
be sufficient for general use, but we may need to improve the accuracy of the system further. 

The advantage of our system is that we can obtain the chromaticity values of varoius color 
spaces, even which cannot calculate without spectral distribution of stimuli or can not 
convert each other based on their chromaticity values, by replacing the part of the color 
matching function. For example, the new color maching function to be proposed by CIE 
(http://www.cvrl.org/) which transformed from the CIE (2006) LMS functions (CIE 170-
1:2006) requires a spectral distribution of stimuli for its calculation. We use this color 
maching function for the calculation of the simulation model of anomalous trichromat in the 
next section. 
 

2.2 Simulation Model of color appearance for anomalous trichromat 
As an example of application, we compared those color information and spectral distribution 
to analyze and simulate the color appearance of normal color vision, dichromat and 
anomalous trichromat. In the this method, we use the spectral image data and the second 
stage of color vision model data to simulate the color appearance of the anomalous 
trichromat. To develop our simulation, we make three assumptions (Yaguchi, 2013). First, 
we assume that anomalous trichromats posses green-shifted or red-shifted photopigments 
instead of one of the normal L or M-photopigments. The degree of anomalousness is 
presented by amount of shift. Secondly, luminance and the red/green, yellow/blue opponent 
color channels are defined by the linear combination of L, M, and S cone stimulus values 
based on the CIE cone fundamentals (CIE, 2006). Final assumption is that the equal energy 
white look white for all observers including anomalous trichromats. 

As a result, the spectral sensitivity functions of the luminance channel, the red/green- and 
the yellow/blue-opponent color channels are derived with Eqs. (6), (7) and (8), where LEEW 
and MEEW are stimulus values of the equal energy white for normal trichromats, and L’EEW 
and M’EEW are those for anomalous trichromats. 

               𝑦𝑦 (𝜆𝜆) =
′

′̅̅̅̅ (𝜆𝜆) (
′

) ′̅̅ ̅̅ ̅(𝜆𝜆)       (6) 

               ̅̅ ̅̅ ̅̅ (𝜆𝜆) =
′

′̅̅̅̅ (𝜆𝜆) (
′

) ′̅̅ ̅̅ ̅(𝜆𝜆)   (7) 

               �̅̅�𝑦̅̅ ̅̅ (𝜆𝜆) =
′

′̅̅̅̅ (𝜆𝜆)
′

′̅̅ ̅̅ ̅(𝜆𝜆) ′̅̅ ̅̅ (𝜆𝜆) (8) 

Where (𝜆𝜆), ̅̅̅̅ (𝜆𝜆) and (𝜆𝜆) are the spectral sensitivity functions of L-, M-, and S-
cone, respectively for the anomalous trichromat. The luminance, 𝑌𝑌  and the stimulus values 

of red/green- and the yellow/blue-opponent colour channels, ′  and ′  for the 
anomalous trichromats are calculated with Eqs. (9), (10) and (11). 

               𝑌𝑌 =  ∫ (𝜆𝜆)𝑦𝑦′̅̅ ̅̅ (𝜆𝜆) 𝜆𝜆             (9) 

               ′ =  ∫ (𝜆𝜆) ′̅̅ ̅̅ ̅̅ ̅(𝜆𝜆) 𝜆𝜆     (10) 

               ′ =  ∫ (𝜆𝜆)𝑦𝑦 ′̅̅ ̅̅ ̅̅ ̅(𝜆𝜆) 𝜆𝜆     (11) 
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In the above equations, (𝜆𝜆) is the spectral radiance of the stimulus.  

In order to simulate the appearance of the image for anomalous trichromats for color 
normal observers, the luminance and the stimulus values of the opponent color channels 
should be converted to the XYZ tristimulus values for normal observers. Using new XYZ 
tristimulus values derived from the cone fundamentals of CIE170-212, notified with XF, YF, 
ZF called the fundamental tristimus values are transformed from the luminance and the 
stimulus values of the opponent-color channels with Eqs. (12), (13) and (14).  

               𝑋𝑋 = 𝑌𝑌 ′ ′          (12) 

               𝑌𝑌 = 𝑌𝑌      (13) 

               𝑍𝑍 = 𝑌𝑌 ′                               (14) 

Finally, we can use Eqs.(4), (5), transfer equation from XF, YF, ZF to (xF, yF) chromaticity. 

3. MEASUREMENT 
First, we used the hyperspectral camera (NH-7) to take multi-spectral image data of LED 
signal lamps and old type signal lamps placed in a street nearby the campus of Chiba 
University. After calibration we obtained their spectral power distributions. Using 
simulation model of color appearance for anomalous trichromatic as we mentioned in the 
method part, we can convert the data from spectral power distribution to the (xF, yF) 
chromaticity coordinates.  

4. RESULTS AND DISCUSSION 

 
Figure 2: relative energy of LED/old signal lamp 

Figure 2 show the reslut of the relative energy of LED/old signal lamp.  
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Figure 3: color simulation of Deuternope 

Figure 3 shows the simulated color appearnce of deuteranope on the (xF, yF) chromaticity 
diagram. In this diagram, the point with a label is the start point which indicates the (xF, yF) 
chromaticity coordinates of normal color vision. End point is the chromaticity coordinates 
of the simulated color appeance of deuteranope. Points between start point and end point 
present deuteranope (M-100/300/500/700). “M-100/300/500/700” means that the strength 
of deficiency where the peak sensitivity of M-cone shits 100/300/500/700 cm-1 in 
wavenumber towards red. The locus of the red signal of LED lamp and the yellow signal of 
LED lamp overlap each other. It implys that deuteranope could confuse red and yellow signal 
of LED lamp. 
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Figure 3: color simulation of Deuternope 

Figure 3 shows the simulated color appearnce of deuteranope on the (xF, yF) chromaticity 
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chromaticity coordinates of normal color vision. End point is the chromaticity coordinates 
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present deuteranope (M-100/300/500/700). “M-100/300/500/700” means that the strength 
of deficiency where the peak sensitivity of M-cone shits 100/300/500/700 cm-1 in 
wavenumber towards red. The locus of the red signal of LED lamp and the yellow signal of 
LED lamp overlap each other. It implys that deuteranope could confuse red and yellow signal 
of LED lamp. 

 

 

 

 
Figure 4: color simulation of Deuternope 

Figure 4 shows a (xF, yF) chromaticity diagram of the simulated color appearance of 
protanope. In this diagram, the point with a label is the start point which means the (xF, yF) 
chromaticity of normal color vision. End point the simulated color appeance of protanope. 
Points between start point and end point present protanope (L-100/ L-300/ L-500/ L-700). 
“L-100/300/500/700” means the strength of deficiency where the peak sensitivity of L-cone 
shits 100/300/500/700 cm-1 in wavenumber towards green. The simulated color appeance of 
protanope for all signals, except for that of the old type/LED yellow signal, close each other. 
It implys that protanope could see the blue, red signal of LED signal lamp as similar color, 
and the blue and red of old signal lamp as similar color. 

4. CONCLUSIONS 
We constructed a system which can analyze color data from spectral data taken by a multi-
spectral camera. First, uniformity of intensities and the shape of spectral distributions in an 
image were calibrated based on a uniform reference light. Then the CIE1931 XYZ was 
calculated using the obtained precise spectral distributions and the color-matching function. 
Although the accuracy would need to be improved, we were able to obtain chromaticity data 
useful for color analyses. We compared those color information and spectral distribution to 
analyze and simulate the color appearance of normal color vision, dichromat and anomalous 
trichromat based on a simulation model of color appearance for anomalous trichromat. With 
this model and the multi-spectral image data, we simulated the color appeance of LED and 
old signal lamp for the deuteranope and protanope. Our simulation suggests that anomalous 
trichromat could confuse some colors of traffic signal lamps. Since the multi-spectral data 
contains wavelength information, we can simulate other color appearance of various scenes 
and images not only for the abnormal color vision but also for a color vision with any 
individual color matching function. 
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antitati e  ing im ate  tem  antitati e e a ation a  one a e  on 
spectral and colorimetric accuracies from spectral reflectance images estimated from the 
m ti an  image  ac ire  it  t e tem  n t i  a er  e a i ate t e e a ation an  
comparison of different MSI systems through rea or  e erimentation ing rotot e 

tem  e tem  are e a ate  an  com are  ot  ectra  an  co orimetrica  
ing t e root mean are S  an   *

abE' metrics respectively. For a more effective 
and consistent comparison of the systems, e ro o e a ne  c m ati e i tri tion 

nction  a e  mea re  

n Section  e e cri e t e o r m ti ectra  imaging tem  e  in t e 
e eriment  Section  re ent  t e ne  F measure. We then present experimental 
re t  in Section  an  i c  t e re t  in Section  e ina  conc e t e a er in 
Section  

2. MULTISPECTRAL IMAGING SYSTEMS USED 
e i t t e t ree rotot e tem  a Stereo S  a an  S  an  a an  

S  or a S  tem  e e  a commercia  tem  e o r tem  
an  t eir et  are rie  e cri e  ere  

x 6-band StereoMSI system: This is a single-shot MSI tem i t it  a i i m 
inePi     tereo camera, and a pair of optimal filters placed in front of the 

t o en e  o  t e camera  e t o i ter  e  are  an   e ecte  rom a 
et o   i ter  rom mega tica  nc  e tem ac ire  a an  image o  a 
cene in a ing e ot  ore etai  o  t e tem can o n  in S re t a et a   

x 6-band RGB-LEDMSI system  i  tem i  i t it  a i on   camera  
an  i   rom S  orm ic t   o or ontro  ig t oot  i  i  
con i ere  a  a con traine  S  ca e ere t e n m er o   i  imite  to i  

 an  image i  ac ire  in t o e o re  or ot  n er t o i erent  
com ination  ac   com ination con i t  o  t ree i erent  o e ea  

a e engt  ie in t e t ree i erent region  re  green  an  e  o  t e camera 
en iti itie  or t e etai  on t e ectra  en iti itie  o  t e i on  camera  t e 
i   an  t eir ectra  o er i tri tion  SP  e re er to t e a er S re t a 

an  ar e erg  tima   com inations for each exposure is selected using 
t e  e ection met o  e ro o e  in S re t a an  ar e erg  e met o  

ic e   an   a  t e t o o tima   com ination  or t e t o e o re  

x 9-band RGB-LEDMSI system  i  tem i  a o i t it  t e ame i on  
camera a  in t e an  tem  t ing nine o tima   e ecte  rom t e  

 a ai a e in an i  mo e rom mage ngineering   an  image 
i  ac ire  in t ree e o re  n er t ree i erent  com ination  n t i  ca e  t e 

 e ection met o  ic e    an   a  t e t ree o tima   
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com ination  or t e t ree e o re  SP  o  t e  can e o n  in S re t a an  
ar e erg  

x 6-band FWMSI system   commercia  S ectro am S tem rom Pi e e  
 it  i  i ter  in it  i ter ee  i  e  or t i  e i  i ter  e  are t e an  

a  i ter  it  peakwavelength nm   i t  a  a im m  o   
    an   or an im ro e  igna to noi e 

ratio S  e e  a ro riate integration time  it  i erent i ter  t at re t in 
ig er camera igna  t it o t an  at rate  i e  e et t e e o re time  to  

    an   mi i econ  or t e i  i ter  re ecti e  e gain a e a  
set to one. For the spectral sensitivity o  t e S ectro am S camera an  t e 
spectral transmittances of the six filters use  e again re er to t e a er S re t a an  

ar e erg  

3. CDF BASED MEASURE FOR MSI SYSTEMS COMPARISON 

ere are man  i erent t e  o  a it  metrics proposed to evaluate the performance 
an  a it  o  a m ti ectra  imaging tem  e root mean are S  error an   

*
abE'   are i e  e  ectra  an  co orimetric metric  re ecti e  ean o  t e e metric 

a e  are a  e  to com are t o S  tem  n t i  a er  e ro o e a 
c m ati e i tri tion nction  a e  measure as an alternative, for a more 
effective and consistent comparison results.  

 e cri e  t e ro a i it  t at a rea a e  ran om aria e x  it  a gi en 
ro a i it  i tri tion i  e o n  to a e a a e e  t an or e a  to a  eritt 

 an  it i  e re e  a  Px a x a d ere P x ad  enote  t e  ro a i it  
of x  to e e  t an or e a  to a  n o r conte t  e can a me an  e timation error c  
a  S an  *

abE'  in each pixel of a scene as a random aria e   can e otte  it  
an evaluation metric value along the x a i  an  t e  or ercentage co nt  a ong t e  
y a i  a  i trate  in ig re 

n t e i tration  t o tem  a e 
mean *

abE'  a e  o   an   
in icating t at S tem  i  etter t an 
S tem  o e er  i  e oo  at t e 

 c r e  e ee t at  o  i e  
produce *

abE'  o   or e  it  t e 
S tem  i e t e ame n m er o  
pixels produces *

abE' o   or e  it  
t e S tem  n t i  a ect  t e atter i  
m c  etter t an t e ormer  Since  
measure is more practical than the mean 

a e  e ro o e t i  a  a ne  
mea re or t e com ari on o  an  t o 

S  tem   etting a  ercentage co nt re ire  to W  e can etermine t e 
corre on ing metric a e rom t e  ic  e ca  it a  W  Since  i  
con i ere  a  a rea ona  goo  a e in tati tic  e e  in o r e eriment   
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Figure 1: 95%CDF vs. mean metric values
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4. EXPERIMENTAL RESULTS

ti an  image  o  a ac et  o or ec er   an  a c a ic  are 
ac ire  it  a  t e o r tem  S ectra  re ectance  o  t e   atc e  are 
e timate  rom t e m ti an  image  ing iener ectra  e timation met o  anei i 
et a   or t i  i t t o atc e  rom t e  e ecte  a e  on t e 
significant target selection method proposed  ar e erg et a   are e  or 
ca i rating t e tem  a e  on t e e timate  ectra  re ectance  rom t e o r tem  
t e  are e a ate  an  com are  ing ot  t e mean an   a e  corre on ing 
to t e ectra  S  an  co orimetric *

abE'  metric  

Statistics of spectral and colorimetric estimation error  i  gi en in a e  ig re  
o  tan ar  error ot  it  t e o n  o  t e  con i ence inter a  ic  o  

tati tica  igni icance o  t e S an  *
abE'  e timation  i togram  an   ot  or 

t e S an  *
abE'  error  are gi en in ig re  rom t e ta e an  t e  ot  e ee 

t at t e an  S  er orm  t e e t ot  ectra  an  co orimetrica  it  
 or S an  *

abE'  values of 
 an   re ecti e  e an  

S  come  ne t  t en t e  
an  S  tem  an  a t  t e 

StereoMSI system. The error plots 
o  t e imi ar er ormance tren  

ot  in term  o  t e ectra  an  
colorimetric estimations.  

(a) RMS (b) *
abE'

5. DISCUSSION

Stan ar  error ot  o e  t at t e er ormance o  t e ing e ot an  Stereo S  
tem i  com ara e to t e tra itiona  an  S  tem  in icating it  ea i i it  t 

i  to e note  ere t at t e tereo camera used had a minimum control on the internal 
roce ing in t e imaging or o  c  a  ite a ancing  emo aicing  etc  e can 

antici ate igni icant  im ro e  re t  rom a  contro a e camera   

Figure 2: Standard error plots for the four prototype MSI systems.
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(a) RMS (b) *
abE'

e an  S  a  o n to er orm etter t an t e ot er t ree tem  
ot  ectra  an  co orimetrica  e ecrea e  er ormance o  t e an  

S  tem in icate  t at t increa ing t e n m er o   or an  oe  not 
a a  ea  to an im ro e  er ormance  i  i  in ine it  t e conc ion o  o r a er 
S re t a an  ar e erg  ere e studied various factors influencing the 
er ormance o  a S  tem  n ence o  noi e increa e  it  t e increa e in t e 

n m er o  an  oreo er  increa e in t e n m er o  an  oe  not a a  ea  to 
ca t ring o  igni icant  ne  in ormation  an  in c  ca e  e cannot antici ate a etter 
er ormance  i  e en  on t e c oice o    e a  a ree om o  c oo ing rom a 
arge n m er o   an  in t e i ea  ca e  it  e a  inten itie  ni orm  rea ing 

a ong t e ectr m  e can antici ate ome im ro ement in t e re t  oo ing at t e 
e ecti e c anne  en iti itie  o  t e t o S  tem  e in  m c  o er a  in t e 
c anne  in t e an  S  tem  i e in t e ca e o  t e an  

S  tem  t e c anne  ere rea ona  e  e arate  eca e o  t i  e en 
t o g  a ing t ree more an  t e an  tem ma  not ca t re m c  ne  
in ormation  t er  rom more noi e in ence   oreo er  t e i mination e e  o  
t e S   ere ite ig  i e t at o  t e i  mo e  ere ea  an  e a  
to increa e integration time   increa ing t e camera tter ee  i  eeme  to 
introduce more noise in the camera responses, and this might have had an effect on the 

er ormance o  t e tem   a re ing t e e i e  er ormance o  t e an  
S  tem co  ro a  e im ro e  

6. CONCLUSION

e ro o e   mea re a  o n to e an e ecti e an  con i tent a ternati e to 
t e mo t common  e  mean metric a e  or com aring an  t o m ti ectra  imaging 
systems. The experimental results from the a it  e a ation an  com ari on o  t e o r 

S  tem  o e  t at t e an  S  tem er orme  t e e t ro cing 
t e o e t  a e  or ot  t e S an  *

abE' . StereoMSI provides a single-shot 
o tion it  t e a it  com ara e to a c a ic an  S  tem  ncrea ing t e 

n m er o  an  oe  not a a  ro ce etter re t  t re ire  ea ing it  t e ot er 
influencing factors such as noise, parameter selection etc. appropriately.  

Figure 3: Histograms and CDFs produced by the four MSI systems for the MCC target. Mean 
values are shown and marked with ‘*’. 95%CDF lines (vertical dotted) and values are also shown.
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 LED-based Gonio-hyperspectral System for the Analysis of 
Automotive Paintings
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 and a me P
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 e artment o  tic  P armaco og  an  natom  ni er it  o  icante
3 e artment o  tic  an  tometr  ec nica  ni er it  o  ata onia

ABSTRACT
oncerning to t e aria i it  o  t e i a  a earance a  a nction o  t e i mination an  o -

servation direction, several industries have designed coatings that reproduce and exploit the potential 
o  t i  e ect  o c ear e am e  are t e co metic  an  a tomoti e in trie  eing t e atter t e one 
c o en a  t e target o  t i  or  ateria  t at contain gonioc romatic igment  are i i e  in t o 
categorie  meta ic an  ear e cent  egar ing t e meta ic igment  t e  main  e i it ariation  
in ig tne  or i erent ang ar o ition  i e t e ear e cent igment  re ent c ange  in e 
and chroma. In order to evaluate these colorimetric features, commercial multi-angle or gonio-spec-
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A STRACT 
The potential of goniochromatic pigments is eing i e  e oited in several industries. 
One clear example is the automotive sector. In order to evaluate specific colorimetric 
eat re  o  t e e igment  commercia  gonio ectrometer  a e een recent  e e o e  

c  a  t e mac®  t e ite ® an  t e ataco or ®. With the same 
r o e  gonio ectra  imaging tem  can e er  e  a  t e  ro i e ectra  

in ormation it  ig  atia  re o tion rom a arge area o ercoming ome o  t e imitation  
of the commercial systems currently used. A novel gonio-hyperspectral imaging system 
a e  on ig t emitting io e   i  re ente  in t i  or  e ro o e  e ice i  

com o e   t o motori e  rotation tage  t o igita  camera  an  a a e  ig t 
o rce t at inc e  a inear act ator  e imaging et inc e  a i i e  camera it  

en ance  en iti it  in t e tra io et region o  t e ectr m an  an n a  camera co ering 
t e near in rare  range  e ig t o rce con i t  o   i erent in  o   rom nm 
to nm  ite  ere a o incor orate  to ana e te t re e cri tor  e  in t e 
a tomoti e ector  e geometrie  are   t e mac® an  t e ite ® ere 
e a ate       an   to com are t eir 
re t  it  t o e o taine  it  t e ro o e  tem in term  o   a  coor inate .

 a ir t a roac  t ree am e  o  rea  a tomoti e ainting  ere ana i e : one solid, one 
meta ic an  one ear e cent  e re t  o  t i  t  o  t e e ne  o  t e e e o e  
system in the assessment of colorimetric features of coatings containing goniochromatic 
igment  it  a ig  atia  re o tion   

1. INTRODUCTION 
In the last decades, t e a tomoti e ector i  i e  ing gonioc romatic or e ect igment  
or an  in  o  car ainting  e re t i  t at  no a a   o  t e a tomoti e ini e  

are e ect coating  e e in  o  igment  are i i e  in t o categorie  meta ic igment  
ic  main  o  ariation  in ig tne  an  ear e cent igment  ic  e i it e an  

c roma i t  a  a nction o  t e i mination an or o er ation ang e ai e  P a  
 

ommercia  gonio ectro otometer  a e een recent  a nc e  to co er t e nee  o  
c aracteri ing t e e artic ar coating  c  a  t e mac®  t e ite ® and the 

ataco or ®. Even though these devices offer very accurate colorimetric information, 
they only evaluate integrated information from a relatively small area over the sample. This
fact can e con i ere  a imitation  e ecia  en ea ing it  materia  t at c ange t eir 
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a earance a  o er t e am e e en ing on o  t e  are i minate  an  o er e  o
o ercome t i  e ro o e a a e  gonio er ectra  imaging tem t at 
g arantee  t e co orimetric e a ation o  t e a earance an  t e atia  i tri tion o  it 
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. MET OD 

.1 Se p 
e ro o e  a e  gonio er ectra  imaging tem con i t  o  t o motori e  

rotation tage  t o igita  camera  an  a ig t o rce a e  on  ig re  ne o  t e 
rotation tage   S  it ania  contro  t e ang e o  i mination  
rotating t e am e it  re ect to t e ig t o rce i e t e ot er tage  
S  it ania  contro  t e o er ation ang e  mo ing t e arm t at ort  t e 
camera  e tem inc e  t o monoc romatic camera  one i i e  camera 

; JAI, Japan it  en ance  en iti it  in t e tra io et range o  t e ectr m 
nm – nm  an  an n a  camera  S  a an  t at co er  

t e near in rare  range nm – nm  e re o tion o  t e i i e camera i  
 i e  i e t at o  t e near in rare  camera i  o   i e  e 

i mination et inc e   i erent gro  o   a inear act ator 
 S  erman  t at o  t e  oar  an  a o  c anging rom one 

ectra  c anne  to t e ne t one an  a co imating en  e ig t o rce i  con tit te    
i erent ectra  c anne  it  ea  a e engt  rom nm to nm    

                  
      an   nm  Moreover, the light source also incorporates 

ite  ic  are inten e  or t e e a ation o  te t re e cri tor  c  a  ar e  
graininess and mottling. e  are a o e  in t e a tomoti e in tr  to e cri e 
a earance o  coating  e i e  co orimetric eat re  

Figure 1: Setup. 
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.  E peri en al Proced re 
ree i erent am e  ere ana e : one solid, one metallic and one pearlescent plates. 

ac  one a  mea re  at six different geometries:    
 an   ig re  e i mination irection a  i e  at  rom t e norma  

irection o  t e am e i e t e o er ation arm as it ate  at i  i erent o ition  it  
re ect to t e norma        e e geometrie  ere c o en eca e 
they are the angular positions that t e mac® and t e ite ® share, thus 
a o ing or a more acc rate com ari on o  t e re t  

Figure 2: Measurement geometries (45ºx:-60º, 45ºx:-30º, 45ºx:-20º,  
45ºx:0º, 45ºx:30º and 45ºx:65º). 

.  I age and Colo r Anal i   
t eac  geometr  an  or eac  ectra  c anne   image  ere ca t re  an  ate  

a erage  to re ce noi e  n a ition  t e o o ing orm a a  a ie  to o tain t e 
reflectance of each pixel of the image at a certain a e engt  

,
jiDLjiDL
jiDLjiDLcjir

DCW

DCI

�
�

�   

here r(i,j) is the reflectance corresponding to a pixel, DLI(i,j), DLW(i,j) and DLDC(i,j) are 
t e igita  e e  o  t e ra  image  t e re erence ite and the dark current, respectively, 
and c is the reflectance value of the ca i rate re erence ite - -S ;

 P  erman .

Secon  t e tri tim  a e   ere com te  a e  on t e re ectance 
ectra rom nm to nm a a   Po terior  t e  a  coor inate  ere 

ca c ate  or t e i minant  a a   an  com are  it  t o e ro i e   t e 
commercia  gonio ectrometer  mac® an  ite ® in terms of colour 
i erence  '   
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. RESULTS AND DISCUSSION 

a

c

Figure 3: CIELAB diagrams of the solid (a), metallic (b) and pearlescent sample (c) for 
the three devices tested. 
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ig re  o  t e co orimetric e a ior o  t ree am e  o i  meta ic an  ear e cent  
mea re  it  t e mac®  t e ite ® and the proposed system. As expected, 
t e o i  am e ig re  a  e i ite  er  ma  ariation  in L*, a*, b* and C*

baC � since solid pigments have similar appearance at any direction. 
e ert e e  meta ic ig re  an  ear e cent ig re c  am e  i  e a e 
i erent a  a nction o  t e o er ation ang e  n one an  t e meta ic am e 

experienced the largest changes in L* arameter  i e or C*, a* and b* t e ariation a  
er  ma  e ear e cent am e a  c aracteri e   greater i t  in C*, a* and b*

parameters rather than in L*. e t ree am e  o e  imi ar co orimetric er ormance 
for the three devices tested. 

a e  contain  t e co or i erence  et een t e  a* * arameter  o taine  it  
t e tem an  t o e mea re  it  t e mac® and t e ite ® gonio-

ectro otometer  e o e t co or i erence  ere o n  or t e o i  am e it  
differences of less than four units and rather constant along the different geometries. In the 
case of the metallic and pearlescent samples, the colour difference values varied depending 
on t e mea rement geometr  e ig e t a e  ere o n  in t o e o ition  c o er to 
t e ec ar re ection   an   reac ing a e   to  'E
nit  n ite o  t i  at t e geometrie  rt er to t e ec ar re ection   

an   co o r i erence  nota  ecrea e  ecoming in ome ca e  er  ma

Table 1. CIELAB color differences ('E, CIE1976) when comparing the gonio-
hyperspectral imaging system and the commercial devices for the solid (S), metallic (M) 

and pearlescent (P) samples.

Sample ∆E - - -

S
-mac

- ite

M
-mac

- ite

P -mac

- ite

. CONCLUSIONS 
 a e  gonio er ectra  imaging tem or t e ana i  o  a tomoti e ainting  
a  een re ente  i  tem o e  a goo  co orimetric er ormance imi ar to t at o  

the -mac® and t e - ite ® commercial gonio-spectrophotometers, in particular
or o i  igment  t re or  i  e oc e  on imini ing t e i erence  t at t e 

tem e i ite  in com ari on it  t e commercia  e ice  en ea ing it  

1276
AIC2015 TOKYO - Color and Image



ig re  o  t e co orimetric e a ior o  t ree am e  o i  meta ic an  ear e cent  
mea re  it  t e mac®  t e ite ® and the proposed system. As expected, 
t e o i  am e ig re  a  e i ite  er  ma  ariation  in L*, a*, b* and C*

baC � since solid pigments have similar appearance at any direction. 
e ert e e  meta ic ig re  an  ear e cent ig re c  am e  i  e a e 
i erent a  a nction o  t e o er ation ang e  n one an  t e meta ic am e 

experienced the largest changes in L* arameter  i e or C*, a* and b* t e ariation a  
er  ma  e ear e cent am e a  c aracteri e   greater i t  in C*, a* and b*

parameters rather than in L*. e t ree am e  o e  imi ar co orimetric er ormance 
for the three devices tested. 

a e  contain  t e co or i erence  et een t e  a* * arameter  o taine  it  
t e tem an  t o e mea re  it  t e mac® and t e ite ® gonio-

ectro otometer  e o e t co or i erence  ere o n  or t e o i  am e it  
differences of less than four units and rather constant along the different geometries. In the 
case of the metallic and pearlescent samples, the colour difference values varied depending 
on t e mea rement geometr  e ig e t a e  ere o n  in t o e o ition  c o er to 
t e ec ar re ection   an   reac ing a e   to  'E
nit  n ite o  t i  at t e geometrie  rt er to t e ec ar re ection   

an   co o r i erence  nota  ecrea e  ecoming in ome ca e  er  ma

Table 1. CIELAB color differences ('E, CIE1976) when comparing the gonio-
hyperspectral imaging system and the commercial devices for the solid (S), metallic (M) 

and pearlescent (P) samples.

Sample ∆E - - -

S
-mac

- ite

M
-mac

- ite

P -mac

- ite

. CONCLUSIONS 
 a e  gonio er ectra  imaging tem or t e ana i  o  a tomoti e ainting  
a  een re ente  i  tem o e  a goo  co orimetric er ormance imi ar to t at o  

the -mac® and t e - ite ® commercial gonio-spectrophotometers, in particular
or o i  igment  t re or  i  e oc e  on imini ing t e i erence  t at t e 

tem e i ite  in com ari on it  t e commercia  e ice  en ea ing it  

gonioc romatic igment  o e er  preliminary results are already promising. In addition, 
texture descriptors i  e a o e e o e  
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ABSTRACT
e m ti ectra  image ic  ena e  more ait  co or re ro ction t an  image i  

e ecte  to e a ie  in a i e range o  ie  inc ing igita  arc i ing an  me ica  imaging  
o e er  it i  nece ar  to con ert t e m ti ectra  image into t e  image o ar eca e t e 

infrastructure for using the multispectral image is in development. Some conventional studies have 
ro o e  t e e timation met o  o  t e m ti ectra  image rom  image  t t e im ro ement o  

t e e timation acc rac  i  a a  an i e
n t i  a er  e ro o e a met o  o  em e ing t e ectra  in ormation in an  image  

t e igita  atermar ing  e ro o e  met o  i i e  t e m ti ectra  image into t o com onent  
e ore em e ing   image an  re i a  e  image i  e tracte  rom t e m ti ectra  

image  ing t e  co or matc ing nction  a co or con er ion matri  an  a gamma c r e  
e origina  m ti ectra  image i  e timate  rom t e  image  iener e timation  an  t e 

i erence et een t e origina  an  t e e timate  m ti ectra  image i  re erre  to a  t e re i a  
n o r met o  t e e timate  ectra  re i a  ata are com re e   P  an  em e e  in 

t e o er it ane  o  t e  image  e ro o e  met o  can a t t e a it  o  t e reco ere  
m ti ectra  image  c anging t e amo nt o  t e em e e  re i a  ata

e e erimenta  re t  o  t at t e ro o e  met o  ea  to more t an   gain re ati e 
to conventional methods in the peak signal-to-noise ratio comparison of recovered multispectral image. 

i  i  eca e t e con entiona  met o  cannot e an  ectra  in ormation en e timating t e 
m ti ectra  image  t o g  t e ro o e  met o  egra e  t e  image a it  t e e erimenta  
re t  o  t at t e  a it  o  t e ro o e  met o  i  more t an   an  t ere are a mo t no 
ignificant erce t a  i erence  rom t e origina   image  e e erimenta  re t  o  t at 

t e ro o e  met o  can im ro e t e a it  o  t e reco ere  m ti ectra  image at t e e en e o  a 
ig t egra ation in  image a it
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ABSTRACT 
In this paper, we propose a method of embedding the spectral information in an RGB 

image by the digital watermarking. The proposed method divides the multispectral image 
into two components before embedding: RGB image and residual. The RGB image is 
extracted from the multispectral image by using the XYZ color matching functions and a 
color conversion matrix. The original multispectral image is estimated from the RGB 
image by Wiener estimation, and the difference between the original and the estimated 
multispectral image is referred to as the residual. In our method, the estimated spectral 
residual data are compressed by JPEG2000 and embedded in the lower bit planes of the 
RGB image. The experimental results show that the proposed method leads to more than 
10 dB gain relative to conventional methods in the peak signal-to-noise ratio comparison 
of recovered multispectral image while there are almost no significant perceptual 
differences in the watermarked RGB image. The experimental results show that the 
proposed method can improve the quality of the recovered multispectral image at the 
expense of a slight degradation in RGB image quality. 

1. INTRODUCTION 
Multispectral images (MSIs) have been studied for many fields such as remote sensing 

and medical applications. MSIs have been used for not only analysis applications, but also 
the color reproduction of RGB images under a different illumination (Yamaguchi et al. 
2008). Converting MSI into RGB image is needed to display MSIs, therefore RGB format 
is essential for the field of computer graphics. Additionally, most of widely used formats in 
computer graphics are based on RGB. However, converting MSI to RGB image cuts 
spectral information except for visible components. In the color reproduction of RGB 
images, estimating of object spectrum is required and has been studied in some literature 
(Haneishi et al. 2000, Stigell et al. 2007, and Murakami et al. 2013). Converting MSI into 
RGB image will be required in some systems because the low-dimensional image such as 
RGB images can be utilized easily in the current imaging system, but it is difficult to 
recover the original spectra once it is converted. 

The conventional spectral reconstruction methods can be separated into two types: 
estimate/reconstruct spectrum with additional data (Keusen 1996, Yu et al 2006, Shinoda 
et al. 2011, and Murakami et al. 2013), or without additional data (Haneishi et al. 2000 and 
Stigell et al. 2007). A high-dimensional signal can be estimated from a low-dimensional 
one more accurately if additional data is available, but the whole data structure becomes 
less compatibility with conventional sRGB systems. An efficient spectral estimation 
method while maintaining the conventional data structure such as a sRGB image has not 
yet been proposed. 
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We propose a new spectral estimation method using a digital watermarking by 
embedding additional spectral information into an RGB image. The RGB image is 
calculated from an original MSI, and then the original MSI is estimated from only the 
RGB image in the embedding side. The residual of the estimation is compressed and 
embedded into the lower bit planes of the RGB image. This watermarked image can be 
used as an RGB image without any knowledge about spectrum. If reconstruction of the 
spectrum is required in an application, the compressed residual data is extracted from the 
lower bit planes of the RGB image, and then the estimated MSI from RGB image can be 
corrected by the extracted residual data. 

This paper is organized as follows. Our compression method is presented in Section 2. 
The results are given in Section 3. In Section 4, we conclude this paper. 

2. RGB DIGITAL WATERMARKING FOR MSI ESTIMATION 
The embedding and reconstructing flow of the proposed method is shown in Figures 1 

and 2. In the embedding side, an original MSI is converted to an RGB image, then the 
lower bit planes of the RGB image are used for digital watermarking. At first, the RGB 
image is calculated from the original MSI by using the CIE XYZ color matching functions 
under the standard illuminant D65, and sRGB color space. Let f be a spectrum (MSI is 
regarded as a spectral reflectance in this paper), and g be RGB values. g is calculated as 

 HfCTEfg   , (1) 

where C is the XYZ-to-RGB color transform matrix of sRGB, T is the CIE XYZ color 
matching functions, and E is the standard illuminant. The spatial position (x, y) is ignored 
in this paper because each pixel is processed independently. The lower n-bit planes of the 
obtained RGB image are then filled with zero at this stage for digital watermarking, and 
the truncated RGB image is defined as g’. An MSI is estimated from the obtained RGB by 
using Wiener estimation. The Wiener estimation from g’ to f' is defined as 

 
Figure 1: Proposed embedding process. 

 

 
Figure 2: Proposed reconstructing process. 
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where  is a Wiener estimation matrix, and f is the autocorrelation matrix of f. 

A residual spectral data can be obtained as 

 ff � . (4) 

The obtained residual data is compressed by JPEG2000 with multi-component transform 
(JPEG2000-MCT) lossy mode with Karhunen-Loeve transform (KLT), and the truncated 
lossy code-stream is defined as '. Here, if M is the total number of pixels of the RGB 
image, the compressed residual data is truncated into nM u  bits before embedding. The 
compressed residual data is embedded into the lower n-bit planes of g'. 

The reconstructing process is an inverse process of the embedding side as shown in 
Figure 2. The compressed residual data is extracted from the watermarked RGB image and 
is decoded by JPEG2000-MCT. The lower n-bit planes of the RGB image are filled with 
zero, then an MSI is estimated from the RGB image. This estimation process is completely 
the same as Eqs. (2) and (3). The reconstructed MSI can be obtained by adding the 
decoded residual data to the estimated MSI from RGB image. 

The quality of the watermarked RGB image is slightly degraded because it has random 
bits in the lower n-bit planes, but the degradation can be suppressed as n is decreased. On 
the other hand, if n is increased, the reconstructed MSI quality is improved whereas the 
RGB image quality is decreased. The relation between the quality of RGB and MSI is 
thought to be trade-off. However, this is not always a completely trade-off because the 
estimated MSI quality from the RGB image is improved as n is decreased. The results and 
trade-off are discussed in Section 3. 

3. RESULTS AND DISCUSSION 
In this section, we show the peak signal-to-noise ratio (PSNR) of both watermarked 

RGB images and reconstructed MSIs. Figure 3 shows test images that consist of 512512u  
pixels, 8 bits / pixel with 16 bands. The images were captured with a camera (Fukuda, 
2002)  equipped with 16-band filters. The residual data is encoded by using Jasper 
(Adams, 2015) with 9/7 real wavelet transform. The embedded information includes not 
only the compressed residual data but also the coefficients of the Wiener estimation 
matrix. 

 
(a) 

 
(b) 

Figure 3: Test images with 512512u pixels, 12 bits / pixel, and 16 bands. (a) Dishes (b) 
Toys. 
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Table 1. Comparison of reconstructed MSI and watermarked RGB PSNRs in dB.. 

Embedded planes 

n 

Dishes Toys 

MSI RGB MSI RGB 

0 33.65 Inf. 27.73 Inf. 

1 44.76 51.14 47.50 51.14 

2 45.52 44.13 47.72 44.03 

3 45.39 37.89 46.93 37.74 

4 45.63 31.85 46.42 31.63 

5 46.71 25.83 47.55 25.66 

6 47.62 19.37 49.14 19.56 

7 48.58 14.23 49.87 14.33 

 

Table 1 shows the PSNR of watermarked RGB images and reconstructed MSIs 

depending on n. We also show the PSNR of the reconstructed MSI at 0 n , which 

corresponds to using only Wiener estimation. In 1 n , the PSNR of MSI shows over 40 

dB while maintaining over 50 dB in RGB image. The proposed method shows the greatly 

higher PSNR of MSI than Wiener estimation while maintaining no perceived difference in 

RGB images. 

It is thought that the relation of the image quality between reconstructed MSI and 

watermarked RGB is a trade-off, but note that there is an exception. Although the PSNR of 

MSI is larger when n is larger, we can see the degradation of the reconstructed PSNR at 

3 n , 4 and 5 in Toys image. In this case, 3 n  to 5 is not a reasonable choice to obtain 

the balanced MSI and RGB images, therefore one of the trade-off point considering both 

MSI and RGB images is 2 n  in Toys image. This breakpoint depends on a test image, 

but the proposed method can decide an appropriate n at the embedding side because we 

can calculate the MSI and RGB PSNRs in the embedding side. 

4. CONCLUSIONS 
We proposed a new spectral estimation method using a watermarked RGB image. The 

proposed method embeds the estimation residual information of MSI into the lower bit 

planes of RGB image. The quality relation between MSI and RGB images is trade-off 

depending on the amount of the embedding residual data, but the perceived difference of 

the watermarked RGB image is not significant while maintaining higher MSI quality than 

Wiener estimation. Additionally, the proposed method can adjust the quality of MSI and 

RGB by changing the embedding amount. The future work is to give a compression 

tolerance to the watermarked RGB. 
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ABSTRACT 

The present paper proposes a calibration method of a multispectral camera system using 
interference filters. A spectral image processing is effective to acquire an inherent 
information of an object in a general way. However, filter registration error often occurs 
when the interference filter is used. Therefore, a calibration method is presented for 
correcting observed images. The method is based on the phase analysis of images in 
Fourier domain. We use the phase correlation method for cariblating the registration error. 
Moreover, we describe a method for digital archiving of art paintings based the present 
imaging system. 

1. INTRODUCTION 

A multispectral imaging system can improve color accuracy in the captured images, 
compared with a general RGB camera system. Also the system makes it possible to 
estimate important surface properties such as spectral reflectance at each pixel point of an 
object surface. Therefore, a variety of multispectral camera/imaging systems have been 
proposed for the purpose of estimating spectral information such as spectral radiance in a 
scene and surface-spectral reflectance of an object. Some typical systems are constructed 
by using one or two additional color filters to a trichromatic digital camera (F.H. Imai, et 
al. 1999), combining a monochrome camera and color filters with different spectral bands 
(S. Tominaga, et al. 2007), using narrow band interference filters (S. Nishi, et al. 2011), or 
using a liquid-crystal tunable (LCT) filter. However, these imaging systems have several 
problems such as the stability of filtration, the accuracy of spectral estimation, and the time 
consumption for filter change. Therefore, these systems have advantages and 
disadvantages. 

The present multispectral camera system is decomposed into two parts of a filtration 
system of an automatic filter changer and eight interference filters and a monochrome 
CCD camera system.  This imaging system has an advantage of narrow band filtering, 
therefore it is excellent in the stability and the accuracy of spectral estimation. However, 
filter registration errors often occurr because it is difficult to optically align the filters with 
different indices of diffraction. These registration errors are called a longitudinal aberration 
and transverse aberration. Some calibration techniques for registration error have been 
proposed so far (J. Brauers, et al. 2008) (A. Mansouri, et al. 2005). In this research, we 
examine the calibration method that targets the transverse aberration. In addition, there is 
another factor to make calibration processing difficult.  An image acquired by a multiband 
imaging system are different from the one acquired by a RGB camera.  Namely, the pixel 
value is obviously different in each band images even if it takes a picture of the same 
scene.  Therefore, it is difficult to correct a registration error between images using a 
general correlation technique. 
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In this paper we proposed a calibration method for the registration error caused by the 
interference filters. This method is easily applied to the digital archiving. In the following, 
we first describe an imaging system. Second a calibration method is presented for 
correcting observed images with the filter registration error. Third, we describe a method 
for digital archiving of art paintings based the present imaging system. Multispectral 
images of an oil painting are acquired using the imaging system, and the properties of the 
painting surfaces are estimated from the observed images. Moreover realistic images of the 
painting are rendered under arbitrary conditions of viewing and illumination. Finally, the 
feasibility of the proposed system is shown in experiments using real painting objects. 

2. SPECTRAL IMAGING SYSTEM 
Figure 1 shows the present imaging system. Our multiband camera system is composed of 
a monochrome CCD camera (Toshiba Teli CS3920), a C mount lens, an automatic filter 
changer, and eight interference filters whose central wavelengths are 420, 450, 490, 530, 
570, 610, 650, and 670 nm. The full width at half maximum of filtration is about 10 nm.    
Figure 2 shows the composite spectral sensitivity functions for eight sensors. The CCD 
outputs are band-pass signals in the visible wavelength range, and they are finally 
integrated. The interference filter utilizes the interference effect of light occurred by a 
dielectric material and a metal thin film.   It has the property that the spectral transmission 
characteristics depend on the index of refraction and the incidence angle. Moreover, note 
that the inner metal thin films are not always parallel to the incidence plane and the output 
plane.   It can be considered that the registration error occurs in the acquired images for 
these reasons. Therefore, calibration is necessary to correct the registration error. 

CCD camera

Filter changer

Interference filter

C mount lens

	 	 	 	  
      Figure 1: Imaging system.                  Figure 2: Spectral sensitivities of the     

                                                                 imaging system. 

3. CALIBRATION METHOD 
The registration error is found when the spectral images captured with different 
wavelengths are aligned and superimposed.   For instance, suppose that we take a picture 
of an object in a scene.  The object images projected onto a focal plane are slightly shifted 
by passing through the filters.  The alignment and focusing do only once with an arbitrary 
filter channel for the convenience of the experiment, and the adjustments are not done at all 
afterwards.  Therefore, one of eight images is selected as a reference image and the 
remaining seven images are corrected as target images.   
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It is well known that an image acquired by a multiband imaging system is different from 
the one acquired by a RGB camera.  That is to say, the pixel value is obviously different in 
each band images even if it takes a picture of the same scene.  Therefore, it is difficult to 
correct a registration error between images using a general correlation technique.  
Therefore, we propose novel correlation method using phase images of each multiband 
image.  A phase image is an image that normalizes an amplitude spectrum of an image by 
one.  A phase correlation method (C. D. Kuglin, et al. 1975) is a technique for calculating 
the correlation by using the phase image. As previously mentioned, the amplitude spectrum 
of a spectral image is different in each acquisition band. Therefore, the proposal method 
can expect to correct without influence of the different amplitude spectrum in each image. 

Here, let both f(n1, n2) and g(n1, n2) be N1 × N2 images. Let F(k1, k2) and G(k1, k2) be the 
2D discrete Fourier transforms of the image f(n1, n2) and g(n1, n2) respectively. Therefore, 
F(k1, k2) and G(k1, k2) are defined as 

F k1,k2( ) = f n1,n2( )WN1
k1n1

n1,n2

∑ WN2
k2n2 = AF k1,k2( )exp jθF k1,k2( )"

#
$
% ,   (1) 

G k1,k2( ) = g n1,n2( )WN1
k1n1
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k2n2 = AG k1,k2( )exp jθG k1,k2( )"

#
$
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where k1 and k2 are the discrete Fourier index, and WN1 = exp[-j(2π / N1)] , WN2 = exp[-j(2π 
/ N2)].  AF(k1, k2) and AG(k1, k2) are amplitude components, and θF(k1, k2) and θG(k1, k2) are 
phase components. The phase image of image f(n1, n2) is defined as 

f p n1,n2( ) = FT −1 F k1,k2( )
F k1,k2( )

"

#

$
$

%

&

'
'
,       (3) 

where fp(n1, n2) is the phase image, and FT-1 is the 2D inverse discrete Fourier transforms. 
The cross spectrum C(k1, k2) between F(k1, k2) and G(k1, k2) is defined as 

C k1,k2( ) = F k1,k2( )G k1,k2( ) = AF k1,k2( )AG k1,k2( )exp jθ k1,k2( )!
"

#
$,   (4) 

where G(k1,k2 )  represents the complex conjugate of G(k1, k2), and θ(k1, k2) = θF(k1, k2) - 
θG(k1, k2), it represents the phase difference spectrum. Therefore, the cross correlation 
using the phase image is defined as 

C k1,k2( ) =
F k1,k2( )G k1,k2( )
F k1,k2( ) G k1,k2( )

= exp jθ k1,k2( )!
"

#
$.      (5) 

The amplitude of correlation peak shows the similarity of two spectral images, and the axis 
of correlation peak shows the relative registration error of two spectral images.  

In order to improve the correlation accuracy in this paper, first, the captured image is 
divided into small regions. Then, the reference image and the target image are performed 
displacement detection by phase correlation method, and then, the registration error of 
these images are calibrated. In some band images, a region where image data is blank 
occurs at this time. Therefore, the image that contains a blank area is extracted from the 
acquired spectral images, and then, these images are calibrated again by the proposed 
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method. Finally, the blank area is complemented by the above process. In this paper, we 
divide into the regions with a fixed size. However, it is also possible to vary the region 
adaptively depending on the degree of texture density of the acquired spectral images. 

4. DIGITAL ARCHIVING OF ART PAINTINGS 
We apply the proposed method to digital archiving of art paintings based the present 
imaging system. In this paper, it is intended for digital archive of oil paintings. We have to 
estimate the surface properties of oil paintings. Specifically, it is necessary to estimate the 
spectral reflectance of the painting surfaces, the surface shape and the light reflection 
model parameters (S. Tominaga, et al. 2008).  

Surface reflection of oil paintings include specular reflection or gloss. Therefore the 
camera output for the painting surface is composed of the diffused reflection and the 
specular reflection. As the reflection properties, the surface-normal vector and the surface-
spectral reflectance are estimated from the diffuse reflection component. The reflection 
model parameters are estimated from the specular component.  

The surface-normal vector at each pixel point is computed by using a photometric stereo 
method.  For estimating the surface-spectral reflectance the camera output is described as a 
model.  

ρk = S λi( )
i
∑ E λi( )Rk λi( )+ nk , (k = 1, 2, 3, …, 8) ,     (6) 

where S( i) is the spectral reflectance, E( i) is the spectral distribution of illumination, 
Rk( i) is the spectral sensitivities of the k-th sensor, and nk is the noise. Let  be an eight-
dimensional column vector representing all spectral camera outputs, and s be a n-
dimensional vector representing the spectral reflectance S( i).  Moreover, let H ( [hkj]) be 
a 8 × n matrix with the element hkj = E( i)Rk( i). Then the above imaging relationships are 
summarized in the matrix form  = Hs + n. When the signal component s and the noise 
component n are uncorrelated, a solution method minimizing the estimation error on s is 
given as the Wiener estimator 

ŝ =R ssH
t HR ssH

t +σ 2I!
"

#
$
−1
ρ ,        (7) 

where Rss is an n × n matrix representing a correlation among surface spectral reflectances. 
We assume white noise with a correlation matrix 2I.  

A reflection model is needed for rendering realistic images of oil paintings. In our 
previous study (S. Nishi, et al. 2007), we found that surface reflection of most oil paintings 
can be described by the Cook-Torrance model. The model parameters of this mathematical 
model are estimated from the specular reflection component of the observed images.   

Image rendering is then performed based on all estimates on the surface reflection, 
which are the surface-normal vectors, the surface-spectral reflectances, and the reflection 
model parameters. 

5. EXPERIMENTAL RESULTS 
First, we experimented to verify the validity of the proposal calibration method. Figure 3 
shows the calibration result.  In figure 3(a), we can see the registration error occurred in the  
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 (a)       (b)         (c)     

Figure 3: Calibration results. 
(a)Before calibraion, (b)Calibration without division, (c)Calibraion with divison.  

synthesized eight band images. This phenomenon is called chromatic aberration, which is 
one of the factors that the reproduced image is degraded. Figure 3(b) is the calibration 
result by the phase correlation method without division. The registration error is improved 
as compared with the results in Fig 3 (a). However, pale yellow or blue has appeared, it can 
be seen that the calibration is incomplete. Figure 3(c) shows the calibration result by 
proposed method. Color in Figure 3(b) disappears, the original achromatic appearance is 
reproduced. Therefore, the proposed method has been verified to be useful as a calibration 
method. Next, we acquired the multispectral images of an oil painting by the present 
imaging system and performed the proposed calibration method. By the method described 
in chapter 4, image rendering was carried out using the estimated surface properties of oil 
painting. Figure 4 shows the result of image rendering of part of oil paintings.  

             
(a)Before calibration    (b)After calibration     (c)Before calibration    (d)After calibration 

Figure 4: Calibration result of part of oil paintings. 

 

400 500 600 700
0.0

0.2

0.4

0.6

0.8

1.0

Wavelength (nm)

N
or

m
al

iz
ed

 V
al

ue

Measurement
After calibration
Before calibration

                      
400 500 600 700

0.0

0.2

0.4

0.6

0.8

1.0

Wavelength (nm)

N
or

m
al

iz
ed

 V
al

ue

Measurement
After calibration
Before calibration

 
Figure 5: Estimation results for surface spectral reflectances of oil paintings. 
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Our proposed method is clearly beneficial by comparing with before calibration and after 
calibration. Figure 5 shows the estimation results for the surface spectral reflectance of part 
of oil painting. It can be confirmed that the estimation accuracy of surface spectral 
reflectance is excellent in comparison with the before calibration result.   

6. CONCLUSION 

This paper has proposed a method for the calibration of the registration error caused by the 
interference filters. The calibration method was based on the correlation technique using 
the phase images of acquired spectral image. In order to improve the correlation accuracy, 
the captured image was divided into small regions. Then, the reference image and the 
target image were performed displacement detection by phase correlation method, and 
then, the registration error of these images were calibrated. Therefore the calibration 
processing was able to perform with high accuracy. Furthermore, the calibration 
processing was capable of calculating fast for the correlation calculation in the frequency 
domain. Moreover, we applied this multiband camera system for the digital archive of art 
paintings. We have described a method for digital archiving of art paintings based the 
present imaging system. The availability of the proposed calibration method was shown by 
the experimental results. 

REFERENCES 

F.H. Imai, et al., 1999. Spectral estimation using trichromatic digital camera. In Proc. of 
International Symp. Multispectral Imaging and Color Reproduction for Digital 
Archives, 42–49. 

S. Tominaga, et al., 2007. Omnidirectional scene illuminant estimation using a 
multispectral imaging system. In Proc. of SPIE, Color Imaging XII, 5667, 128–135.  

S. Nishi, et al., 2011. Calibration of a Multispectral Camera System Using Interference 
Filters. In Proc. of SPIE, 8011, 80119E-1–7. 

J. Brauers, et.al., 2008. Multispectral filter wheel cameras: Geometric distortion model and 
compensation algorithms, IEEE Trans. on Image Processing, 17 (12): 2368–2380. 

A Mansouri, et al., 2005. Optical calibration of a multispectral imaging system based on 
interference filters. Optical Engineering 44 (2): 027004-1–12. 

C. D. Kuglin, et al., 1975. The phase correlation image alignment method. In Proc. IEEE 
Int. Conf. Cybernetics and Society, 163–165. 

S. Tominaga, et al., 2008. Spectral Image Acquisition, Analysis, and Rendering for Art 
Paintings. Journal of Electronic Imaging 17(4): 043022-1–13. 

S. Nishi, et al., 2007. Measurement and Analysis of Reflection Properties of Art Paints. In 
Proc. of AIC2007, 170–173. 

 

Address: Shogo NISHI, Department of Engineering Informatics, 
Osaka Electro-Communication University,  

18-8 Hatsu-cho, Neyagawa, Osaka, 572-8530, JAPAN 
E-mails: s-nishi@isc.osakac.ac.jp, shoji@faculty.chiba-u.jp 

1288
AIC2015 TOKYO - Color and Image



PS2-74

Development of Multi-bands 3D Projector
otaro  o it g   an  Noriko YATA

i a ni er it

ABSTRACT
ecent  e can en o  t ree imen iona  image  at tan ar  ome or a rea on t at a t ree 

imen iona  i a  ecome  e  e en i e  n t e ot er an  it i  nece ar  to re re ent an image 
it  e act co or in ormation an  ig  re o tion in ario  ie  o e er re ro ction o  e act 

co or i  i ic t eca e o  t e t ree  rimar  co or  an  in icient co or gam t  ere are 
ome re earc e  o  a i a  tem it  m ti rimar  co or  t at can i a  ectra  image  it  
ig  imen iona  ectra  in ormation in eac  i e  t mo t o  t e e i ting i a  tem  ecome 

e en i e eca e t e tem  a e com e  mec ani m  o t ere are e er re earc e  t at ea  
it  t e co or re ro ction an  t ree imen iona  image at t e ame time  ere ore i  it i  o i e 

to con tr ct a im e tem ing genera   ro ector  an  i ter  it i  con i ere  t at t e t ree 
imen iona  image it  e act co or can e i a e

i  a er aim  to e e o  a t ree imen iona  i a  tem t at can ro ect t ree 
imen iona  image  it  i e co or gam t  oncrete  ea ing  e ro o e a met o  or e an ing 

t e co or gam t o  a t ree imen iona  image  carr ing o t ro ection o  t e m ti rimar  co or 
more t an   an  ing t o  ro ector  it  i erent ectra  c aracteri tic  ir t  t e mo t 

ita e ectra  tran arent c aracteri tic  o  an  c t fi ter  are etermine   mean  o  com ter 
im ation  n  t e an  c t fi ter  it  t e etermine  ectra  tran arent c aracteri tic  are ma e 

e erimenta  e e fi ter  ena e to c ange t e ectra  c aracteri tic  o  t e ro ector  accor ing to 
attac e  in ront o  t e eac  ro ector

o o  e ecti ene  o  o r ro o e  tem  a rotot e i a  tem i  con tr cte  
an  t e co or gam t o  t e tem i  mea re  oreo er e i  tr  to i a  ectra  i eo an  

ectra  t ree imen iona  image  it  t e e o  t e tem  t en e i  e a ate a i itie  o  t e o r 
prototype system.

 

 

Development of Multi-bands 3D Projector 
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ABSTRACT 
Recently, devices that can display a three dimensional image is becoming inexpensive. We 
can enjoy a three dimensional image at home. On the other hand, a reproduction of more 
accurate color information and high-definition images are required in various fields. 
However, an accurate color reproduction is difficult because of the insufficient color gamut 
by RGB primary colors. There are some studies concerning to multi-primary color display 
devices, but the researching cost takes an expensive. Therefore, if it is possible to construct 
a simple system using a general 3D projectors and optical filters, it is considered that the 
3D image with expanded the color gamut can be displayed. This paper proposes a method 
for expanding the color gamut of a 3D image by projection of the multi-primary color 
more than RGB 3 bands using two 3D projectors with different spectral characteristics. 
First, the optimal spectral transmission characteristics of notch filters is determined by a 
filter simulation based on the RGB characteristics of the projector. Second, the filters with 
the determined spectral transmission characteristics is produced, and the spectral 
characteristics of the projectors are changed by attaching the filter in front of the two 
projectors's lens. Furthermore, the experimental results are shown that the proposed system 
can expand the color gamut.  

1. INTRODUCTION 
Stereoscopic image technology is improved every day. Many people has experienced 
actual 3D image. On the other hand, a demand for color reproduction of images is 
increasing by the development of image and video communication system. It is possible to 
display a color image in some naturally by using the display device such as a projector. 
However, representation of all color range that can be human perception is difficult. 
Therefore, the spectral image is attracting attention in order to reproduce high-definition 
image recording spectral information. It is considered that the spectral information can 
reproduce a more accurate image by input to the display device. Furthermore, it is 
important to consider the color gamut problems of the display device for projecting onto a 
screen.  

This paper focuses on approaches of using two projectors that are most attention in the 
color gamut extension. There are various existing studies with respect to the color gamut 
expansion using two projectors. The general projector can project RGB 3-bands color, so 6 
bands color projection is made possible by two projectors with different optical filters. The 
color gamut of the image projected from the projector is known to expand by appropriately 
increasing the number of bands.   

2. METHOD 
This paper proposes a method of expanding the color gamut of a 3D image by projection of 
the multi-primary colors more than the RGB three bands. The proposed method is applied 

1289
AIC2015 TOKYO - Color and Image



 

 

a color gamut expansion technique in the video presentation device using the two 3D 
projectors with different spectral characteristics. The optimal spectral characteristic of 
filters is simulated based on the spectral characteristic of 3D projector in order to realize 
the multi-primary color projection. Projecting images are generated from the spectral 
images.  

2.1 Multi-band projector system 

This section shows the outline of the color gamut expansion method of 3D image by multi-
band projection. Figure 1 shows the proposed multiband 3D projection system. In 
particular, each projector is equipped with a filter that has different spectral transmission  
characteristics in front of the projector. The projected images from each projector are 
overlaied on the screen. RGB spectral characteristics changes to 6 bands information by 
using the filters. The desired color is reproduced by 6 bands information. Moreover the 
proposed system can display 3D images according to project synchronized right or left 6 
band images in turn. 

 

 
Figure 1: Proposed multiband 3D Projection System. 

 

2.2 Filter simulation 

First, the RGB spectral characteristics of 3D projector used in this study is measured. 
Measurement is performed in a dark room by using only the projected light from the 
projector. In the measurement, R (255,0,0), G (0,255,0), and B (0,0,255) are respectively  
projected on the screen. Each RGB spectral distribution are obtained using a spectral 
radiometer. 

The optimal spectral transmission characteristics of each filter is simulated based on 
RGB spectral distribution of the projector, and the use of notch filter is supposed in this 
study. The filter characteristic is determined so that the color gamut becomes maximum 
when it is plotted on xy chromaticity diagram. The simulation performs between 
380~780nm, and all wavelength is used in the range. The decision flow of the optimal 
spectral characteristics of filters is shown in Figure 2.  

Filter simulation is calculated while changing the wavelength range which the 
transmittance becomes 0% in the each filter. Figure 3 shows the decided spectral 
characteristics of each filter and the spectral characteristics of the projector changed by the 
each filter. Red, green, and blue lines indicate the changed RGB spectral characteristics of 
the projector respectevely. 
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Figure 2: Flow of filter simulation. 

 

 
Figure 3: Simulation results. 

3. EXPERIMENT AND DISCUSSION 

This section shows the experimental results. The experimental system uses two 
VIEWSONIC PJD6253 as 3D projector. The resolution of projector is 1024 × 760 pixels. 
In addition, the spectral radiometer that measure spectral distribution is TOPCON SR3. 
Figure 4 shows the used projector and Figure 5 shows the produced filter experimentally 
based on the simulation result.  

 

          
                      Figure 4: 3D projector.           Figure 5: Produced Filter.  
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Figure 6 shows the spectral characteristics of two produced filters based on the decided 
spectral characteristics of filters by the simulation. It is possible to present the 6 bands 
information according to change RGB spectral characteristics by putting these filters in 
front of the projector's lens.  

 

      
     (a) Characteristics of the filter 1.           (b) Characteristics of the filter 2.   

          Figure 6: Characteristics of the produced filters.   

 

Table 1 and table 2 show xy values of the used projector's RGB and the proposed 6 
bands projector with the produced filters based on simulation respectively. Figure 7 shows 
the color gamut of the used projector and the extended color gamut of the proposed system 
with the use of the produced filters. In figure 7, black line triangle indicates the color 
gamut of the projector's RGB, and red line hexagon indicates the color gamut of the 
prposed 6 bands projector. These measurement results show the proposed method can  
expand color gamut with the use of two 3D projectors and notch filter with different 
spectral transmission characteristics. The color gamut is covered extensively for red, green  
and blue regions. However, the extension of green region is not enough, because it is 
considered two filter of spectral characteristics affect the green area.  

Using the prototype system an image is projected on a screen. This study uses a spectral 
image as a input image, not a normal RGB color image. Figure 8 shows the scene that 
project an image using the projectors put the produced filters. Lower projector is put filter 
1 that cut the short wavelength, and upper projector is put filter 2 that cut middle 
wavelength. The projected image on the screen is shown in figure 9. This image shows that 
the target color image is reproduced by superimposing the two projected images.  

 

Table 1. xy values of projector's RGB. 

 x y 

R 0.625 0.344 

G 0.345 0.565 

B 0.147 0.085 
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Table 1. xy values of projector's RGB. 

 x y 

R 0.625 0.344 

G 0.345 0.565 

B 0.147 0.085 

 

 

 

 

Table 2. xy value of RGB with filter. 

 x y 

R1 0.651 0.346 

G1 0.423 0.569 

B1 0.169 0.036 

R2 0.697 0.288 

G2 0.129 0.571 

B2 0.131 0.091 

 

 
Figure 7: Extension of Color gamut using filters. 

 

 
Figure 8: Two projectors put each filter. 
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Figure 9: Superimposed image. 

 

4. CONCLUSIONS 

This paper proposed a new method of expanding the color gamut of a 3D display system 
by the multiband projection using two 3D projectorsa and optical filters. The 
characteristics of the filter attached to the projector were simulated in order to realize  
multi-band projection. The optimal filter was decided based on the result of filter 
simulation, and the extent of color gamut was confirmed by plotting on the xy chromaticity 
diagram. Also, images created by processing spectral images were input to the projectors 
put each filter, and projected on the screen. The experimental results showed that the 
projected images had extend color gamut.  
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ABSTRACT
n rinting  co orimetric or o  en re t at t e rint oo  a  goo  a  o i e n er one 

ecific i minant t ica  a ig t  t it o t acco nting or t e act t at co or  an  t ere ore 
color differences, may change drastically from one illuminant to another . This effect is referred to 
a  metameri m  t o o ect  ma  eem to a e t e ame co or n er one ig t  t not n er anot er  

ere are e era  a ication  ic  re ire to a e ome contro  o er t e a it  o  a rint n er 
ario  ie ing con ition  an  or ic  co orimetric or o  are t  not a ro riate  rnit re 

cata og e  or aint atc  oo  are among t e e a ication  a  it i  im ortant t at c tomer  a e 
a good idea of the color of a piece of furniture or a particular pigment under the light of e.g. their 
i ing room  n  in a ectra  or o  i  one a e to a e c  contro   ing t e i e  ectra  

re ectance actor  rat er t an e g   or  a e  ontro ing a it  in c  or o  
i  o e er c a enging e to t e otentia  arge n m er o  ie ing con ition  t at nee  to e 
con i ere  e g  a  in  o  ome tic ig t  an  eca e i tance  et een i e  e g  t e c i ean 
i tance  carr  er  itt e meaning in term  o  erce tion  en com te  in t e re ectance omain  
a  o o e  to t e co or omain

There are a variety of so-called image-difference metrics in the literature, that aim at predicting 
t e ercei e  i erence et een an origina  image an  a re ro ction e g  a im ate  rint  ing 
eat re  c  a  tr ct re  contra t  etai  i i i it  etc  o e er  mo t o  t e e metric  or  it  

t ree imen iona  co or ace  o timi e  or one i minant on  ecent  a c eme a  ro o e  to 
e ten  one o  t e e metric  ca e   or ectra  or o   im  ing a et o  re re entati e 
i minant  an  a eraging t e re t  o  t e  n er eac  o  t em  e re ting metric i  re erre  to 
a  t e S ectra  mage i erence S  metric  an  it a  een re orte  to ignificant  o t er orm 
tra itiona  ectra  i erence metric  c  a  t e root mean are error S  en com are  to 

ecti e ata
t o g  S  can e a ie  to contro  a it  it in a ectra  rinting or o  it ai  
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Ste en  , o ic S SS  PP  

i  ni er it  o ege  or a  

ABSTRACT 
We design a a it  a e ment or o  to mea re t e ercei e  a it  o  rint  acro  
i minant  i e acco nting or t e ore cence o  t e trate a  e  a  t e in   
a or tion  i en an input m ti ectra  image  e im ate t e o t t o  a  
printer  means of a spectral gamut mapping and an extended cellular Yule-Nielsen 
mo i ie  S ectra  e ge ae r mo e  a o   to acco nt or ot  paper fluorescence and 
in   a or tion. We demonstrate the relevance of considering these effects as they lead 
to tantia  c ange  in t e perceived image difference across illuminants. These findings 
are of particular interest for soft- and hard-proofing applications in spectral printing 

or o  

1. INTRODUCTION 
n rinting  co orimetric or o  en re t at t e rint oo  a  goo  a  o i e n er one 

eci ic i minant t ica  a ig t  t it o t acco nting or t e act t at co ours, and 
therefore colour differences, may change drastically from one illuminant to another e 

oan  . This effect i  re erre  to a  metameri m  t o o ect  ma  eem to a e t e 
same colour n er one ig t  t not n er anot er  ere are e era  applications that 
re ire having ome contro  o er t e a it  o  a rint n er ario  ie ing con ition  
an  or ic  co orimetric or o  are t ere ore not appropriate. Furniture catalogues or 
aint atc  oo  are among t e e a ication  a  it i  im ortant t at c tomer  a e a 

good idea of the colour of a piece of furniture or a particular pigment under the light of their 
living room for example  n  in a ectra  or o  i  one a e to a e c  contro   
using the pixels’ spectral reflectance factor, rather than e.g. RGB or  a e  

ontro ing a it  in c  or o  i  o e er c a enging e to t e otentia  arge 
n m er o  ie ing con ition  t at nee  to e con i ere  e g  a  in  o  ome tic ig t  
an  eca e i tance  et een i e  c  a  the Euclidean i tance  carr  er  itt e 
meaning in terms of perception, when computed in the “reflectance domain” (as opposed to 
the “colour domain”). 

There is a variety of so-called image-difference metrics in the literature, that aim at 
predicting the perceived difference et een an origina  image an  it  re ro ction e g  a 
simulated print), using features such as structure, contrast, detail visibility, etc… However, 
mo t o  t e e metric  or  it  t ree-dimensional colour spaces optimised for one 
illuminant on  ecent , e oan an  r an  proposed a scheme to extend one of 
t e e metric  ca e   or ectra  or o   ing a et o  re re entati e i minant  
and com ining the  scores et een t e ren ering  o taine  or each of them. The 
resulting multi-illuminant metric is referred to as Spectral Image i erence S  and it has 

een re orte  to igni icant  o t er orm tra itiona  ectra  i erence metric  c  a  t e 
root-mean are error S  en com are  to ecti e ata  Althoug  S  can e 
a ie  to contro  a it  it in a ectra  rinting or o  it ai  to con i er a er 

ore cence an  it  im act on t e ercei e  a it  o  t e rint  t i  e  no n o e er 
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that ore cing itening agent   are used to make a er  a ear iter o e  
. e e e  a or   ra iation an  re-emit ig t in t e e region o  t e 

electromagnetic spectrum. n t i  t  e e ign a a it  a e ment or o  to 
investigate the influence of paper fluorescence on perceived image a it . i en an input 
multispectral image  e im ate t e o t t o  a  rinter  means of a spectral 
gamut mapping r an   and an extended cellular Yule-Nielsen modified Spectral 

e ge ae r mo e  a o   to acco nt or ot  paper ore cence an  in   a or tion. 
We demonstrate the relevance of considering these effects as they lea  to tantia  c ange  
in the perceived image difference across illuminants. These findings are of particular interest 
for soft- and hard-proofing applications in ectra  rinting or o  

2. QUALITY ASSESSMENT WORKFLOW 

2.1 Spectral separation and gamut mapping 
r an an  ern   introduced a spectral gamut map ing trateg  a e  on a e ence 

of colorimetric mappings it in aramer-mismatch gamuts. or e am e  gi en t o 
illuminants 𝛾𝛾1 and 𝛾𝛾2 and given that 𝛾𝛾1 o  e rioriti e  o er 𝛾𝛾2, the spectral mapping 
aims at minimizing the colour difference under 𝛾𝛾2 i e ee ing t e i erence n er 𝛾𝛾1 

nnoticea e i.e. o er t an  – t oticea e i erence . We used this approach and 
con i ere  a ce ar e ge a er ectra  mo e  ca i rate  or an P-  rinter in t e 
-channel  mo e it  an a mo t non- ore cing  o et roo   emimatt 

 g/m  paper. Note that, as in Urban and Berns’ study, only 4-in  com ination  inc ing 
 ere con i ere  e g    or , ince it a  o er e  t at -  - or -

in  com ination  o not contri te m c  to t e ectra  aria i it  o  t e rinto t  and are 
t ere ore o  imite  intere t in t e re ent t  in ot er or  mo t o  t e ectra  gam t 
can e e cri e  it  -in  com ination  on  

2.2 Fluorescing substrate 
When fluorescence is present, the reflectance factor is no longer independent of the 
i mination an  m t e e timate  or eac  i minant  or a a tone rint on a ore cing 

trate  t e inci ent ig t i  ir t art  a or e   t e in  ot  e ore it c ange  
a e engt  e to t e ore cence roce  an  i  ina  art  a or e  at t at onger 
a e engt   t e in  ot  ming o acit  in t e e citation a e engt  an  an  

intro cing an e i a ent ca ar tran mittance 𝑡𝑡𝑗𝑗
′ of the Ne ge a r Primarie  P  in the 

e citation an  er c   proposed an extension of the spectral Yule-Nielsen modified 
e ge a er mo e  e,  e re ing t e tota  re ectance actor 𝑅𝑅tot  from 

mea rement o  t e trate an  P  in one i mination it o t e citation ra iation an  
in one i mination it  e citation ra iation  

𝑅𝑅tot(𝜆𝜆) = [𝑅𝑅p
tot(𝜆𝜆) − 𝑅𝑅p

∗ (𝜆𝜆)][∑ 𝑎𝑎𝑗𝑗𝑡𝑡𝑗𝑗
′𝑁𝑁

𝑗𝑗=1 ] [∑ 𝑎𝑎𝑗𝑗𝑡𝑡j(𝜆𝜆)
1
𝑛𝑛𝑁𝑁

𝑗𝑗=1 ]
𝑛𝑛

+ 𝑅𝑅∗(𝜆𝜆) ,    

ere 𝑅𝑅p
tot  i  t e re ectance actor o  t e trate in an i mination inc ing t e 

e citation a e engt  𝑅𝑅p
∗  i  t e re ectance actor o  t e trate in an i mination 

it o t ore cence e citation  𝑡𝑡j(𝜆𝜆) is the transmittance of NP j at emi ion a e ength 𝜆𝜆, 
𝑅𝑅∗ i  t e re ectance actor o  t e rinte  trate it o t ore cence e citation, and 𝑁𝑁 =
24 o r in  i  t e n m er o  P . The Yule- ie en mo e  i  a ie  it  actor n to 
acco nt or t e atera  ig t ro agation it in t e trate o tica  ot gain   
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ation  states that the reflectance factor of a halftone is the sum of the reflectance of 
t e a tone it o t e citation ra iation 𝑅𝑅∗  an  o  t e a er trate’s fluorescent 
com onent atten ate   t e eig te  𝑡𝑡𝑗𝑗

′ in t e e citation an  an  t e eig te  𝑡𝑡j in the 
emi ion an  o  t e  e a arent tran mittance  in t e e citation an  𝑡𝑡𝑗𝑗

′  are 
o taine   ectra  itting   it  N  to t e mea ured reflectance of fulltone 
in i i a  P 𝑎𝑎𝑗𝑗 = )  it  𝑅𝑅𝑗𝑗

tot)  an  it o t 𝑅𝑅𝑗𝑗
∗)  ore cence e citation  o i  

ectro otometer  -rite nc  it  an  it o t  c t-o  i ter ere e  to etermine  
𝑡𝑡𝑗𝑗

′  and 𝑡𝑡j = 𝑅𝑅𝑗𝑗
∗ 𝑅𝑅∗ 1 2

 o  t e in  en rinte  on a ore cing trate o e 
ore cent com onent a  mea re  in t e ame a  We propose here to determine the 

paper’s fluorescent component in different illuminations from the Donaldson matrix 
(𝜆𝜆1, 𝜆𝜆2)  ic  gi e  t e i ectra  re ectance rom a  e citation a e engt  𝜆𝜆1 to all 

emi ion a e engt  𝜆𝜆2  rom t i  matri  e com ted the fluorescent component of the 
re ectance actor o  t e a er accor ing to in e ,  

𝑅𝑅p
tot( 2 ) − 𝑅𝑅p

∗( 2) = 1
( )

∑ ( 1, 2) ( 1)1 ,      

ere E is the ectra  o er i tri tion SP  o  t e i minant  Note that, in practice, 
FWA tend to decrease 𝑅𝑅p

∗ ( 2) in t e - nm an  o e   t t i  e ect i  
neg ecte  in t i  t  t i  a o ort  noting that the fluorescent component depends on 
thi  SP  in t e emi ion an  o  t e  i  mean  t at t o i minant  t at a e t e 
ame SP  in t e e citation an  o not nece era  ea  to t e ame ore cent com onent 

o e ,  e ona on matri  o  a t ica  a er am e it   kg/T FWA 
mea re  it  a i- ectro otometer o e ,  a  used here. 

nce t e in  r ace co erage  are etermine   t e ectra  e aration an  gam t 
mapping for the non- ore cence ca e    i  e  to im ate t e rinte  ectra  image  

ith fluorescence under illuminants  an  A. ig re  o  t e re ectance actor 
of the unprinted and fulltone patches in the different illuminants. 

  
Figure 1. Measured reflectance factors R of the process inks and paper without 

fluorescence (solid) and simulated R with fluorescence in illuminant CIEA (dash) and 
CIED65 (dash-dot, only bare paper). The inks are represented by their respective colours. 
Note that light tones and ink combinations with only cyan, blue and magenta are the most 

subject to colour shifts due to fluorescence. 
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3. SPECTRAL IMAGE DIFFERENCE 
In order to e a ate t e ercei e  a it  o  t e im ate  rint  e e  t e S ectra  mage 

i erence metric e oan   it  on  the t o illuminants under consideration. This 
metric evaluates the perceived image difference under each illuminant and computes the 

eig te  mean a e as the final score. Note that it uses a chromatic adaptation transform 
in order to acco nt or t e a i it  o  o r visual system to a t to ario  ie ing con ition  

e re ting core a  o n to corre ate it  man gement to a great e tent  For this 
artic ar t  e e  t e mo t recent im ementation o  t e  metric - on ic  S  

i  a e  - referred to as MSi  Multi-Scale improved  e oan  . Incidentally, 
e rename  t e S  metric as iS  improved S  e e ine it a  o o   

( 1 2) = 1, 2, + 1, 2, ,     

ere 1 and 2 are t o ectra  image  ,  is the rendering of  for illuminant 𝛾𝛾 and  and 
 are eig ting coe icient  We considered that  o  e rioriti e  o er  

as daylight is still the most used reference illuminant in many printing applications. 
on e ent  e used the fo o ing coefficients: = �and = 2 . 

3. RESULTS 
e e  t e  nat ra  cene  rom t e t o o ter er ectra  image ata a e  
a cimento  . They depict natural scenes (vegetation, urban areas…) and contain 

et een  an   ectra  c anne  am ing t e i i e range o  a e engt  rom  to 
nm  o e er  in or er to it t e c aracteri tic  o  o r rinter mo e  ee Section  a  

image  ere mo i ie  to e in t e range - nm  or image  o e ectra  range  tart  
at nm  t e an  at nm a  a me  to e e a  to t e one at nm  

a e  gives the mean  tan ar  e iation an  ma im m iS  core  o taine  en 
comparing the im ate  rint  it  an  it o t ore cence  ote t at iS  core  range 
rom  no i erence  to  arge t mea ra e i erence  Figure  o  an e am e o  

images rendered for  it  an  it o t con i ering the fluorescence phenomenon. 
Figure 3 sho  t e  i e - i e co o r- i erence ma  or  an   for 
one o  t e  ectra  image  con i ere  in t i  t , for illustrative purposes. at e 

e ie e i  artic ar  note ort  here is that not considering fluorescence i  likely result 
in a ercei a e difference in the final print,  to  iSI  nit  on t e ata te te  ic  
i  con i era  ig  

Table 1. Obtained iSID scores on each scene of the Foster database, between simulated 
prints with and without fluorescence and ink UV absorption (respectively  and ). 

  

Average 0.057 

Standard deviation 0.034 

Maximum 0.122 
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in a ercei a e difference in the final print,  to  iSI  nit  on t e ata te te  ic  
i  con i era  ig  

Table 1. Obtained iSID scores on each scene of the Foster database, between simulated 
prints with and without fluorescence and ink UV absorption (respectively  and ). 

  

Average 0.057 

Standard deviation 0.034 

Maximum 0.122 

 

 

 

  
Figure 2. Simulated prints, without (left) and with (right) considering fluorescence and ink 
UV absorption, for CIED65. Note how these phenomena change particularly the colour of 

the flower petals, which consist mainly of magenta ink. 
 

 
Figure 3. DE2000 colour-difference maps for CIED65 (left) and CIEA (right). Note that 
daylight, which contains more energy in the UV wavelengths and therefore engenders 

more fluorescence, yields colorimetric errors larger than 10 DE2000 for this particular 
image 

4. CONCLUSIONS 
We designed a a it  a e ment or o  to mea re t e ercei e  a it  o  rint  acro  
illuminant  i e acco nting or t e ore cence o  t e trate a  e  a  t e in   
a or tion  i en an input m ti ectra  image  e im ated t e o t t o  a  

rinter  means of a spectral gamut mapping and an extended cellular Yule-Nielsen 
modifie  S ectra  e ge ae r mo e  a o e  us to account for ot  paper fluorescence and 
in   a or tion. We demonstrated the relevance of considering these effects as they lead 
to tantia  c ange  in t e perceived image difference across illuminants. 

 

1299
AIC2015 TOKYO - Color and Image



 

 

ACKNOWLEDGEMENTS 
i  or  a  orte   t e arie rie nitia  raining et or   P  -

 n ing  

REFERENCES 
o e   n er on  tr m P  an  inn nen   Limitations in the Efficiency 

of Fluorescent Whitening Agents in Uncoated Paper. Nordic Pulp Pa er e earc  
o rna   –  

o e    Whiteness and Fluorescence in Layered Paper and Board  octora  
e i  o   i  S e en ni er it  

o e   n er on  or erg  an  in erg S   Impact of Illumination 
Spectral Power Distribution on Radiance Factor of Fluorescing Materials, IEEE Proc. 

o o r an  i a  om ting S m o i m S  
er c    Spectral Neugebauer-based Color Halftone Prediction Model 

Accounting for Paper Fluorescence, Applied Optics  –  
e oan  S  an  r an  P   Image-Difference Prediction: From Color to Spectral, 

IEEE Transaction  on mage Proce ing  -  
e oan  S  an  r an  P   Evaluating the Multi-scale iCID Metric, S T/SPIE Image 

a it  an  S tem Per ormance  , 38. 
a cimento  S  erreira  P  an  o ter    Statistics of Spatial Cone-

excitation Ratios in Natural Scenes, Journal of the Optical Society of America A, 
, –  

r an  P  and ern  S   Paramer Mismatch-based Spectral Gamut Mapping, IEEE 
Tran action  on mage Proce ing , -  
e   an  ern  S   A Critical Review of Spectral Models Applied to Binary 
Color Printing  o or e earc  an  Application   -  

in e   an  a t ier    Instrumentation, standards, and procedures used at 
the National Research Council of Canada for high-accuracy fluorescence 
measurements  na  im  cta   –  

Address: The Norwegian Colour and Visual Computing Laboratory, 
Gjøvik University College, Teknologivegen 22, 2815 Gjøvik, NORWAY 

E-mails: steven.lemoan@gmail.com, ludovic.coppel@hig.no 

1300
AIC2015 TOKYO - Color and Image



PS2-76

To Predict Reality in Virtual Environments: Exploring the reliability 
of colour and light appearance in 3D-models

eata S  S  , ac e ine S  and onica  

 e artment o  ie  n ormation ec no og  ni er it  o  ot en rg
 e artment o  rc itect re  a mer  ni er it  o  ec no og

ABSTRACT
o re ict o  t e not et i t en ironment i  going to a ear regar ing ig t an  co o r i  a 

cr cia  ro em or arc itect  an  e igner  i a i ation i  an e ta i e  e ign too  an  e  or 
re re entation  o  ro ect ro o a  n man  ca e  t e aim it  t e i a i ation  i  to ma e goo
oo ing image  e  t e e ign  n or er or o t are  c  a  ma  to ecome a a e anning 

too  o  ig t an  co o r in i ing  t e i a i ation m t e tr te  to o  t e correct a earance 
in accor ance it  t e ica  recon ition  o  rea it   e com e  interaction et een ig t an  
o ect  ma e  t e ro em o  ig ting cene  centra  it in com ter gra ic  n a re io  t  

   ario  ro em  re ate  to t e ren ering o  ig t an  co o r in interacti e mo e  
ma e in ma  Since t en  t e tec no og  it in co o r ren ering an  com ter gra ic  a  
mo e  or ar  i  a er i c e  t e ro em  o  tran ating rea it  to it  igita  co nter art  e  
te t  ere er orme  in ma  in or er to e ore t e a i it  o  ario  ren ering tec ni e  an  
to e ore t e tr t ort ine  o  co o r an  ig t re re entation  e ea  it  met o o ogica  i e  
concerning o  to com are i a  re t  et een i erent me ia  mi e  a a tation an  ar itrar  
arameter etting in t e o t are

n t e ear ier t ie  carrie  o t  ear  ago  a  m  rea  room a  com are  to i erent 
irt a  ea it   im ation  n or er to get a im ation a  correct a  o i e o  t e  ore cent 
minaire   cei ing armat re  an   a  a er  t e man act rer ager t  o n S fi e  ere 
e  t t at time  t i  otometric ig t co  on  e ren ere  it  t e e a t Scan ine ren erer 

in ma  ic  re te  in ignificant i erence  et een t e rea  an  t e irt a  room  e 
mo e  a  incorrect re ection e ect  et een r ace  too e  co o r ariation  an  too ac romatic 

a o  o t e  a  incorrect  re ro ce  contra t e ect  or t e ig te t r ace  e r ace 
t at a  ercei e  a  t e ite t in t e room a eare  too gre  

n o r ne  t  t e origina  mo e  in ma  e ign  ere ren ere  it  t e Scan ine 
ren erer  enta  a  an  ra  e ig t anning o t are ia  a  e  or com ari on 
regar ing t e ig t e e  an  i tri tion  

Pre iminar  re t  o  im ro ement regar ing interre ection  an  co o r ariation  
o e er  t ere are ti  incorrect  re ro ce  contra t e ect  an  t e ite t area  a ear too 

gre  e ig t e e  a o i ere  com are  to t e it ation in ia  e en i  t e ame ig t fi t re  
an  S i e  ere a ie  rt ermore  e i  i c  i e  concerning t e c oice o  correct 

arameter  to re re ent t e ica  rere i ite  o  rea it  c  a  t e ro em o  eci ing o  
man  time  a ig t o  o nce  ne i emma i  t at t e arc itect  an  e igner  a e no e ge 
o  co o r an  ig t in rea it  o e er o not a  no  o  to e a  eat re  in t e o t are  e 

ro e iona  i a i er  no  o  to mani ate mo e  to oo  goo  t o ten o not regar  
physical correctness.

To Predict Reality in Virtual Environments:
Exploring the reliability of colour and light appearance 

in 3D-models
eata S  S  ac e ine S and Monica

e artment o  ie  n ormation ec no og  University o  ot en rg
e artment o  rc itect re  a mer  ni er it  of Technology

ABSTRACT
o re ict o  t e not et i t en ironment i  going to a ear regar ing ig t an  co o r 

is a crucial ro em or arc itect  an  e igner  - i a i ation i  an e ta i e  e ign 
too  an  e  or re re entation  o  ro ect ro o a , often it  the aim to make good-
looking images that sell the design. In order for o t are c  a  Ma  to ecome 
usa e anning too s o  ig t an  co o r in i ing  t e i a i ation m t e tr te  to 

o  t e correct a earance in accor ance it  t e ica  recon ition of reality. This 
a er i c e  t e ro em  o  tran ating rea it  to it  igita  co nter art. In previous 

studies rom - , a re erence room a  com are  to i erent im ation  e 
re t o e  significant differences in colour and light appearance et een t e re erence 
room and the virtual rooms. Since then, the technolog  it in colour rendering has moved 
or ar  e  com ari on  it  t e re erence room ere er orme  in  a  e ign 

, in order to explore the tr t ort ine  o  co o r an  ig t re re entation today. The
ren ering tec ni e enta  ra  an  ra  ere e a ate . Preliminary results o  strong 
improvements regarding colour variations an  a o . o e er  t ere are ti  
incorrectly reproduced contrast effects and interreflections et een ang e  r ace

1. INTRODUCTION
This paper discusses t e ro em  o  translating reality to its digital counterpart. -
i a i ation i  an e ta i e  e ign too  for architects and designers. In many cases, the 

aim it  t e i a i ation  i  to ma e goo -looking images to sell the design. In order for 
o t are such as  Max, to ecome a e anning too s of light and colour in 

i ing  t e i a i ation m t e tr te  to o  t e correct a earance in accor ance 
it  the physical preconditions of reality. e com e  interaction et een ig t an  

o ect  ma e  t e ro em o  ig ting cene  centra  it in computer graphics. There are 
e  t ie  on colour appearance it in real compared to virtual environments Stahre and 
i ger   i ger et a  .  met o  or com aring rea  en ironment  it  igita  

images a  intro ce   e er et a   i  met o  a  i t on mea rement  
of radiant energy flux densities in a simplified physical environment; i.e. t e orne  o ,
com are  to a im ation ere ra io it  a  e  n or er or t e com ari on to e a  
acc rate a  o i e  ot  t e image an  t e o  ere ie e  im taneo  t ro g  a 
camera. not er t  ere im ation  ere com are  to a rea  cene a  carrie  o t  

c amara et a   e t  aime  to etermine o  m c  com tation i  eno g  
in or er to create a tr t ort  image  a e  on t e man i a  tem rat er t an on 

ica  correctne  or t i  t e ra  tracing a e  o t are a iance a  e  ect  
ere ie e  in a rea  cene  i.e. a ig ting oot  an  com are  to ren ere  image  Scenes 
ere ie e  monoc ar  in or er to e iminate e t  c e ania et a   aime  or 
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photo-realistic simulations and made great efforts to control colour and lights. In their 
t  t e oc  a  on mnemonic reca  o  in i i a  o ect  in a room  o o r a earance 
a  not i a  a e e  or i c e  t o g  t e t  in o e  t e tran ation o  co o r  

from reality to irt a  ea it  in different ie ing con ition  n or er to ac ie e a 
more nat ra i tic  a arene  tate  t e rea i m in t e im ation  a  ometime  orgone  
In recent years, interesting so t are e e o ment a  een undertaken in photorealistic
rendering Pharr and Humphreys,  i eter, ; a e  en erer, .

In a re io  t  i ger et a   Sta re et a   Stahre an  i ger   
interacti e atia  -models ere com are  to a full scale reference room. Important in 
t i  t  a  t at t e rooms ere studied interactively from within. ario  ro em  

ere i co ere  in  a  related to the rendering of light and colour in the models.
om are  to rea it  t e irt a  room  o e incorrect re ection  et een r ace ; too 

simple chromatic information on light sources; too ac romatic a o ; too e  contra t 
effects; and too e  co o r ariation . Since t en  t e tec no og  it in co o r ren ering 
an  com ter gra ic  a  mo e  or ar  In this study, e ant to investigate if the
stated pro em  are o e it  to a  o t are tec no og  focusing on  a and its

i t-in renderer enta  a  a  e  a  t e e terna  ren erer ay. e aim it  t i  
study is to i enti  ro em  an  te t o tion  or im ating tr t ort  visual 
appearance, focusing on colour and light, in digital modeling. The results persented here 
are a e  on  on ren ere  ie  o  t e room

2. METHOD
In the earlier studies carried out - , a  m multi-co o re  re erence room a  
com are  it  corre on ing igita  mo e  ig   e mo e  ere ma e in 

ig t ca e an  in  a  e  a -mo e  a  e orte  to in order for the 
room  to e interactively e a ate  rom it in.  o er er  e a ate  t e i erent 
rooms using various e a ation tec ni e . Initially, studies ere con cte  in the 
reference room, and in ig t ca e  a  o compare the model and the reference
room, the results of the visual assessments er a  e cri tion  magnit e e timation an  
co o r matc ing it  t e co o r re erence o ere ana e  These results lead to 
a tment  o  t e igita  mo e s. n or er to com are co o r  it  t eir igita  
co nter art  a roce  a  e e o e  to tran ate rea  co o r  to igita  a e . Since the 
tran ation a  com e  it a  im ortant to in  an acce ta e e e  o  correctne  A
a ic rere i ite or correct co o r a earance in t e igita  mo e  a  t at t e com ter 
a  ca i rate  Most important o e er a  t at the relationship et een i erent  

coloured surfaces a a  correct a  o i e compared to reality. If so, small displacements 
et een co o r  on i erent i a  ere acce ta e  a  e  a  small translocations of 

t e co o r ca e  ince t e  ere re t  rom t e adaptation to the surrounding light, and 
the light from the computer. For documentation and reference, physical measurements of 
t e ectra  com o ition ere con cte  or t e room r ace  ot  in t e reference room 
and in the models. Three different illumination  ere e  incan e cent ig t  fluorescent 

  an  ore cent  . n or er to get t e im ation o  t e  
ore cent minarie   cei ing armat re  an   a  a er  a  correct a  o i e  t e 

manufacturer ager t  o n hotometric ig t a  e  a  S-files, ena ling a

Ha a  t ro g  t e ro ect  ig t ca e a  incor orate  into  ma , and ceased to exist as a free-standing product.
e ig t ca c ation nction  o  ig t ca e ere incor orate  into  ma  ic  e  to t e e o  t i  rogram or t e 

continued studies.
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continued studies.

simulation of the lighting originally used in the reference room. For the renderings, the 
e a t Scan ine ren erer in  a  as e  ince t i  a  at the time for the studies

t e on  ren erer in  ma  orting photometric light using radiosity.

Figure 1A,B: The reference room, designed to show clear examples of how simultaneous 
contrast phenomena and reflections cause different appearances.

In our comparative study from - te t  ere er orme  in  a e ign 
in order to e ore t e tr t ort ine  o  co o r an  ig t re re entation  it  t e aim to 
in  o t i  o r tate  ro em  a  een o e  For this, t e ame  a -models ere 

used as in previous studies, and evaluated against the same reference room. Focus lay on 
the o re cent i mination  . e ig t o rce  ere not manipulated, and no
additional illumination ere a o e  The mo e  ere ren ere  it the i t-in renderer 

enta  a , ince it no  ort  otometric ig t and the no  e i ting external 
ren erer a  i a namic  . The default settings of  a ere e ,
o o ing t e recommended settings in the tutorials. A difference to earlier 

recommendations, used in the previous studies, meant that all colours in t e mo e  ere 
a e  on itma -textures  an  t at amma  a  a ie   e a t in  a

er i  - toria  . The evaluation in this study consisted of visual assessments 
ma e  t e re earc  team

3. RESULTS AND DISCUSSION

3.1. Colour and light appearance in the reference room 2004-2006
e re erence room a  e igne  to o  igni icant e ect  o  i mination, reflections

and contrasts. Our previous studies o e  t at in t is room differently painted surfaces 
perpendicular to or o o ite eac  ot er ecame more imi ar  re ection , causing large 
co o r ariation  on e a  ainte  r ace . Eac  ni orm  ainte  area o e  
i erent co o r ariation  an  contra t e ect  ere e i ent et een i erent  ainted 

surfaces on the same level ig re . A rig tne  enomenon a eare  i.e. the light 
are on t e e o  a  in t e ar e t corner a  ercei e  a  ite t an  ig te t o  a  

r ace  a t o g  i e ot er area  in t e room ere ainte  in t e ame nuance ig re 
i a  a e ment  o e  t at e en ma  i erence  in co o r a earance co  e 

important or t e e erience  e co o r  a o o e  er  i erent a earance in the 
different light situations. The ite ore cent i mination a   mo t 
o er er  o n  to e co  or ne tra , and experienced as having practically no colour, 
t o g  ome o er er  o n  it to e ig t  e o i The more e o   

ore cent ig t a   t e o er er  ercei e  a  ig t  armer  an  a ing a greenish 
tint.
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Figure 2 A: A contrast phenomenon made the greenish light square on the green 
background appear pinkish and the reddish light square on the red background appear 

greenish. B: A brightness phenomenon made the small square appear whitest and lightest.
(Manipulations made to demonstrate the appearance in the reference room.)

Figure 3A,B: The same views rendered with the Scanline renderer in 2004-2006.

Figure 4A,B: The same views rendered with the Mental Ray renderer in 2014-2015.

Figure 5A,B: The same views rendered with the VRay renderer in 2014-2015.
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background appear pinkish and the reddish light square on the red background appear 

greenish. B: A brightness phenomenon made the small square appear whitest and lightest.
(Manipulations made to demonstrate the appearance in the reference room.)

Figure 3A,B: The same views rendered with the Scanline renderer in 2004-2006.

Figure 4A,B: The same views rendered with the Mental Ray renderer in 2014-2015.

Figure 5A,B: The same views rendered with the VRay renderer in 2014-2015.

3.2. Colour and light appearance in 3Ds Max 2004-2006
In the virtual room, five significant differences in appearance compared to the reference 
room ere ointe  o t  inc ing  Too e  colour variations: The large colour 
ariation  on e a  ainte  r ace that appeared in the reference room did not o .

Furthermore, t e area  it  t e ite t n ance  came o t too gre i   Too e  contra t 
effects  eit er t e contra t e ect  et een i erent  ainte  r ace  on t e ame e e  

ig re  nor t e rig tne  enomenon regar ing t e ig t are on t e e o  a  
ig re  a eare   ncorrect re ection  et een surfaces perpendicular to, or 

opposite, each other.  oo im e chromatic information on light sources: The 
ore cent ig t   an   a eare  i entica  i e t e  in reality caused 

distinctly different colour appearance.  oo ac romatic sha o .

Moreover, pro em  it  t e parameter settings for the radiosity calculations ere 
discovered. The recommended setting  or ica  correct re t  regar ing co o r ee  
in  a re te  in e er co o r ariation  com are  to rea it  Furthermore, the 
recommendation or co o r ee  from the manufacturer of the light fixtures turned out to 
e too o  

3.3. Colour and light appearance in 3Ds Max 2014-2015
In ot  enta  a an  ra , pre iminar  re t  o  general improvements on colour 
and light appearance. oncerning the stated ro em  rom the earlier studies, the 
o o ing o er ation  ere made.  The colour variations have i i  improved.  The 

contrast effects are still too e . o i erence a  een o er e  rom re io  t ie
Neither t e contra t e ect  et een i erent  ainte  r ace  on t e ame e e  ig res
A,  nor t e rig tne  enomenon regar ing t e ig t are on t e e o  a  
ig res  a eared to a satisfactory extent.  There are still incorrect reflections 

et een r ace  eflections are not having enough impact on angled surfaces compared 
to o o ite one  or e am e  t e ort ig t a  a ear  greeni  in a  im ation  
o e er in rea it  it i  trong  a ecte   t e re  a  an  a eare  ig t eige it o t 

any green tint.  There is still too simple chromatic information on light sources: The 
ig t   an   a eare  almost the same.  e a o  a ear c o e to rea ity,

i.e. they are no longer achromatic. A specific difference et een enta  a  and ra a  
that t e ig t rom t e a a er ot ig t  create  rne  o t area in a ig re .

4. CONCLUSION
In our t ie  rom -  ario  ro em  re ate  to t e tran ation an  com ari on 
of light and colour appearance in rea  or  etting to -models ere revealed. Even 

en t e rea  or  a earance a  studied in detail  it t rne  o t to ti  e i icult to 
simulate a tr t ort appearance in the models. In our ne  comparative study, results 

o  strong improvements in  a  regarding colour variations, a o and 
reflections. o e er  t ere are ti  incorrect  re ro ce  contra t e ect and
interreflections et een ang e  r ace  conc ion ra n i  t at in  a  even 

en t e rea  a earance i  no n  the handling of various complex parameters makes the 
creation o  an acc rate co o r an  ig t a earance e treme  ro ematic  e en or expert 
users. Though some issues regarding the appearance  no  are solved, others remain. The
tec no og  a  reac e  t e oint ere e  mani ation  can render an almost perfect 
copy of a rea  cenario  o e er  it i  ti  a ro em to recreate correctness in the 
representation of colour and light en t e rea  or  a earance i  not no n. In order to 
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e a e to re ict a t re i t cenario in  a  one m t a e an e ten i e 
e erience o  ot  t e rea  or  a earance an  ario  arameter settings in the 
o t are  no ing t e co o r a earance o  t e rea  o ect  room  i ing  etc  a  
ro e  to e e entia  in or er to correct  recreate a tr t ort  co o r an  ig t 

representation in  a  P c o ogica  enomena an  t e a  t e human visual 
tem or  nee  to e inc e  in t e re earc  a  a com ement to to a  mat ematica  

modeling of physical conditions.
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t  ene ie e  an  an ing 
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ABSTRACT
n t i  t  e a e ecifica  e ore  e ect o  ig ting e ecia  co ore  ig ting  to ee 

o  it o  a ect c romo tereo i  a enomenon in ic  co ore  o ect  ocate  on t e ame 
ane are ercei e  to e on i erent ane   St ie  a e o n  t at re  a  more o ten ercei e  

to e c o er t an e  e en en t e  are on t e ame ane  o e er  o   i co ere  ome 
eo e e erience t e re er e e ect or e en no e ect  tten  attri te  t i  atia  e ect o  co or 

to e a e  on an o ect  conte t co or or rro n  t a  an o ect co or i  in ence   it  
conte t  co or a earance can a o e in ence   t e a it  or co or o  ig t in t e cene  o e er  
aca emic re earc  on c romo tereo i  or rea or  a ication  o  co or  atia  e ect  ma e er  
little, or even no, mention of the effect of lighting on the phenomenon. Some discount the lighting or 
i minant  in t eir e eriment  e to t e neg igi e i erence t at ig ting ma e  in t eir to ic o  
research. 

o te t t e e ect o  co ore  ig ting on c romo tereo i  a c o ica  e eriment a  
con cte  ing tone ma e   ictoria  image  o  a ca e  mo e  a  tim i  e ca e  mo e  
o  an enc o e  ni orm co ore  ga er  a  i minate   ig t  an  contain  t o i erent
co ore  o ect  one re  an  one e  t at eeming  oat in ace  e ig t o er t e en  o  
t e ga er  o  a e co ore  fi ter  to im ate t e e en te t con ition  ere e e o e  or t e 
e eriment ne tra  or nco ore  an  t o ariation  eac  o  re  e  an  e o  ig ting  e 
tim i ere t en re ente  at a ran om e ence to ect  o ere a e  to re ort ic  o  t e 

t o o ect  a eare  nearer a e  on t e o ect  co or a earance
Pre iminar  fin ing  in icate t at n er co ore  ig ting  t e ercei e  e t  o  o ect  ar  

e en ing on t e contra t et een an o ect an  it  conte t  n er t e ario  ig ting co or  t e 
co or a earance o  t e re  an  e o ect  i  not c ange er  m c  a  com are  to t e rear a  o  
t e ga er  ic  ecame t e conte t co or or t e o ect  n er ne tra  an  e ig ting  t e re  
o ect a  ercei e  to e nearer  t n er re  an  e o  ig ting  it a  t e e o ect t at a  
ercei e  to e nearer
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ABSTRACT 
o or tereo i  i  a enomenon in ic  co ore  o ect  on t e ame ane are ercei e  

to e on i erent ane  or e t , and prior studies a o t t i  indicate that long– a e engt  
co or  ere o ten ercei e  to e nearer  a t o g  t ere are occa ion  erein a re er e or 
e en no e ect a  erceived. o e er  er  itt e re earc  on o  ig ting can a ect co or 
stereopsis exist  e ecia  in re ation to co or contra t et een target o ect  an  it  
surround or context. This study sought to test whether lighting can alter an object’s perceived 
depth resulting from color contrast t ere  creating a co or re er a , and et er t e red 
target o ect i  e ercei e  to e nearer n er i erent co ore  ig ting con ition  Seven 
ig ting con ition  ere used to illuminate a scaled model of a gallery, and radiance maps 
ere create  to serve as visual stimuli for the psychophysical experiment. e t  o  t at 

colored lighting can affect color–depth perception due to the resulting change in color 
contrast et een t e target o ects and its context, and that under different colored lighting 
conditions, co or re er a  o  occ r e to t e co or contra t  

1. INTRODUCTION 
o or tereo i  or c romo tereo i  i  a enomenon in ic  co ore  o ect  ocate  on 

the same plane are percei e  to e on i erent ane  therefore creating a difference in 
depth or spatial layout. Many studies on the topic have expressed that a long– a e engt  
stimulus a  more o ten ercei e  to e c o er t an short– a e engt  tim  e en en 
ot  are e i i tant rom t e o er er c ie   Pa ne  S n et . When 

t e re er e e ect a  ercei e  t at i  the short– a e engt  stimulus a  ercei e  a  
nearer than long– a e engt  tim , a color reversal is said to have occurred. 

Several st ie  on t e o i e ca e  o   this color reversal and color stereopsis in general 
a e een con cte  o   inn et a  , t most attri te the color stereopsis 

effect to “optical” causes. Thompson et a   rifted from this con ention en t e  
proposed that color stereopsis co  e due to a com ination o  minance– a e  an  co or–

a e  e t  e ect , t ere  gge ting a perce t a  a i  or the effect. i  erce t a  a i  
or t e co or tereo i  e ect eem  romi ing  t on  a e  t ie  co er color– a e  

depth effects, as most focus on the influence of luminance.  eng er an  it c e  
c aim t at t e co or re er a  e ect can e e to or er contra t et een t e co ore  tim  
or target and its immediate surround rather than t the “optical” causes, while em e  et 
al  cited Treisman’s observation  t at co or an  contra t ot  influence perceived 
depth.  

o e er  t e e t ie  even for studies on luminance– a e  e ect  a  i co nt 
the illuminant in their experiments, c aiming t at ig ting a  a neg igi e e ect on t e 
scene. t an i minant i  no n to in ence co or a earance  e ecia  i  t e ig ting 
is spectrally different from daylight or a cool- ite i minant  Prior t ie  on target–

rro n  contra t e  ac romatic rro n  in t eir e eriment  t o  t e co or o  t e 
ig t c ange  t e rro n  or conte t ma  c ange a ong it  it  a  i  t e contra t et een 
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the target and surround. This study then seeks to i co er o  co ore  ig ting o  a ect 
the color stereopsis effect erein re  a  ercei e  nearer t an e   mani ating t e 
co or o  t e i minant  an  et er co or re er a  o  occ r n er i erent co ore  
lighting conditions. 

2. METHOD 
To investigate the effect of colored lighting on color–depth perception, a psychophysical 
e eriment a  conducted to test et er the red stimuli i  ti  e ercei e  to e nearer 
than the e tim i n er co ore  ig ting  o ot e e  ere developed for this study: 
ir t  t at t e re  o ect a  ercei e  to e c o er e en n er i erent co ore  ig ting 

condition  at ea t  o  t e o er e  re on e  an  second,  that the proportions of 
o er e  re on e  acro  i erent ig ting con ition  are t e ame. 

2.1 Experiment Setup 
A  ca e  mo e  o  an  meter    meter  ga er  a  e igne  to e t e t ree-
dimensional environment for the study. T e ca e  mo e  a  com o e  o  t ree a  it  
it  interior r ace  a s, floor, and ceiling  ine  it  ain gra i  ro n car oar  
sheets. o o  t e a  had a skylight to illuminate the gallery. One of the skylights had a 
colored i ter i e t e ot er i  not  olored ce o ane eet  ere e  a  a “filter,” to 
represent colored lighting. 

e t o c e  a igne  to e t e target o ect  ere o  e a  imen ion  cm  cm 
 cm  an  ere ng it  a n on tring in or er to a ear a  i  t e  ere oating in a  
 ot  c e  ere ra  ainte  it  t o co or  re  an  e. e r ace  o  t e t o 

c e  acing t e o er er ere a igne  it  eac  ot er  an  t i  ame ane r ace a  
aligned to one edge of the skylight opening. T e o er er  tan oint or in t i  ca e  t e 
camera  as set a o t  meter  a a  rom t e target o ect  e e c e as placed on 
the right side, i e t e re  c e i  on t e e t side. Figure  o  a c t-a a  ie  o  t e 
cene  in icating t e ocation o  t e target o ect  o er er  an  t e ig t  

 
Figure 1: Cut-away view of experiment setup. 

Si  co ore  ig ting ere te te  in t i  t  t o ariation  eac  or t e e  red, and 
e o  ig ting  The variations of the colored lighting ere create  t ro g  t e a ering of 

the cellophane sheets. The first, and lighter variation, used one layer of cellophane sheet, and 
the second, darker variation used four layers. The colored cellophane sheets covered the 

ig t o ening in a   A seventh test condition ne tra  or nco ore  a  inc e  to 
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er e a  t e contro  or a e ine image.  n t i  con ition  t ere ere no co ore  ce o ane 
eet  o er t e ig t o ening in a  . Using a room’s fluorescent lamp as the light 

source or t e ca e  mo e  t e ig t entering a   ecame co ore  due to the cellophane 
sheets. 

2.2 Visual Stimuli 
Instead of  using physical o ect  a  tim i  ic  i  a common  em o e  co or stereopsis 
experiments  e o te  to create t e i a  tim i through high- namic range  

otogra  ro g  ra iance ma  t e mo t common a  o  generating  content  
i e  a o t color constancy during changes in colored ig ting can e minimized. A 
ra iance ma  i  ro ce   com ining e era  o -dynamic range images to create a single 

 image   

o -dynamic range image  o  t e cene ere captured using a tripod-mo nte  anon 
 ar   it  a mm rime en  attac e  to it  e camera a  manually set to focus 

on t e target o ect  For each lighting condition, ten images o  t e cene ere ca t re  
eac  image a  et to have one of t e o o ing shutter speeds      /     

  an   econ  e ca t re  image  ere then com ine  ing Photosphere ar  
 to create the radiance maps. 

Since t e t ica  i a  e ice cannot nati e  i a   image  the radiance maps 
a  to e tone mapped to properly display them on a typical display device. The 

Photoreceptor tone mapping operator as selected for this study as an example of one of the 
man  tone ma ing o erator  a ai a e ein ar  an  e in . Figure  o  a 
compilation of the tone ma e   image  of the seven colored lighting conditions. 

 

 
Figure 2: Tone mapped HDR images of the scenes with colored lighting (L–R: Neutral, 

Blue 1, Blue 4, Red 1, Red 4, Yellow 1, Yellow 4). 

2.3 Experimental Procedure 
The tone mapped image  ere e  a  i a  tim i or a c o ica  e eriment 

erein o er er  ere re ente  it  one image o  t e co ore  ig ting con ition at a time  
an  t e  ere a e  to c oo e ic  o  t e target o ect  in t e cene i  t e  ercei e to 
e nearer  

Ten trichromat o er er  one o  ic  i  one o  t e a t or  it  norma  or correcte -
to-normal vision participated in t e c o ica  e eriment  e e eriment a  e  in 
a com ete  ar  en ironment  ere a  no ig ting in t e room e ce t rom t e ac it 
laptop monitor  one used for presenting the visual stimuli, and another— ic  ace  a a  
rom t e o er er—for recording the observers’ responses  e visual stimuli ere o n 

to o er er  using a 13” nte  ore i –   ac oo  Pro it  etina i a , 
nte  ri    gra ic     resolution, an   re re  rate. The color 
etting  o  t e monitor remaine  at e a t e  co or ro i e  an  i a  rig tne  
a  at  
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Using the method of constant stimuli, each of the e en ig ting con ition  a  o n 
ten times or a tota  o   tria  er o er er  to t e o er er  in oc  ran omi ation   

ac  image a  o n or a o t t o econ  et een eac  lighting condition to prevent 
t e ect rom tota  a a tation to t e cene  er er  ere tasked to er a  re ond 

orce  c oice  ic  o  t e t o target o ect  in the scene appeared to e nearer a e  on 
the target objects’ color. The responses of t e o er er  ere t en recor e  in a rea eet 
on a econ  a to  i a  rig tne  a  at t e o e t e e  to ecrease the amount of light 
in t e room  

3. RESULTS AND DISCUSSIONS 
 i a  com aring t e tone ma e  image  t e e o  t e target o ect  i  not eem 

to change, although the value an  at ration a ear to a e een a ecte  e e target 
o ect in t e e  an  e  ig ting con ition  oo  ig ter t an t e e target in t e 

e tra  con ition  i e t e e target o ect in ot er ig ting con ition  eem  to e more 
at rate  t an in t e e tra  con ition  e re  target o ect in t e e   an  e   

con ition  a ear to e e  at rate  t an in t e e tra  con ition  t in ot er cene  the 
red target’s saturation did not appear to change. 

 or t e conte t co or t e a  e in  t e target o ect  it  co or a earance c ange  
accor ing  it  t e co ore  ig ting e  in t e cene  en t e co ore  ig ting a  e  
t e origina  conte t co or ecame e  t e ame goe  or t e re  an  e o  co ore  ig ting  

e gra i  car oar  r ace  are no onger ac romatic  e en t o g  t e target o ect  
retained their hue. The values of the surround also differed et een t e ariation  it  t e 
dark variation of lighting creating a darker surround than the lighter variation. This change 
in the hue and value of the surround then changed the color contra t et een t e target an  
the surround, creating target–surround contrast  t at ma  e ig er or o er depending on 
the colored lighting. 

e on e  or t e c o ica  e eriment ere ta ie  a  re  eing nearer or e 
eing nearer  ig re  o  a graph of the medians of responses and the inter- arti e range 

for all seven lighting conditions. The dotted ori onta  ine igni ie  t e me ian a e o   
t e oint erein t e re  an  e tim i are ercei e  to e e i i tant rom t e o er er  
Me ian a e  a o e  in icate t at re  a  ercei e  nearer t an e  an  me ian a e  
e o   in icate t at e a  ercei e  nearer t an re  rom t e e en ig ting con ition  

on  t e e tra  e  an  e  ig ting con ition  a e me ian a e  a o e  With 
re  an  e o  ig ting  t e e target a  ercei e  to e nearer  igna ing t e occ rrence 
of color reversal. 

 
Figure 3: Median values and interquartile range in which the red stimuli was perceived 

nearer than the blue stimuli. 
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on i ering that the responses for some of t e ig ting con ition  ere not normally 
i tri te  a non arametric ana i  a  e ecte  to com are t e ro ortion  et een 

various lighting conditions  e rie man te t a  e  to etermine t e i erence  in 
percei e  e t  o  o ect  n er co ore  ig ting  ing SPSS  air i e com ari on  ere 
t en er orme  it  a on erroni correction or m ti e com ari on  Stati tica  
igni icance a  acce te  at p <  e e  

With n   an  df   t e ercei e  e t  o  t e target o ect  ere tati tica  
significantly different under colored lighting, χ    p < 0.0005. Post hoc analysis 
re ea e  tati tica  igni icant i erence  in ercei e  e t  in t e o o ing air  

e tra  ig ting Mdn = 6.50  an  e   ig ting Mdn = 0.00 p = 0.033  e   ig ting 
an  e  ig ting Mdn = 9.0 p = 0.011  e   ig ting an  e  ig ting Mdn = 
6.50 p = 0.013  an  ina  e   ig ting Mdn = 0.00  an  e  ig ting p = 0.023  

e   ig ting an  e  ig ting  p = 0.028  t er air i e com ari on  ere not 
statistically significant.  

The re on e  or en t e re  target o ect a  ercei e  nearer n er ne tra  or 
nco ore  ig ting ere a o e t e me ian a e o  . The responses or e  ig ting ere 
ome at imi ar to t at  e intrig ing oint  ere the results for the rest of colored 

lighting conditions. Our expectations for red eing ercei e  to e nearer a  at ea t an  a 
itt e o er  t t e re on e  or t e ot er co ore  ig ting con ition  o  a 

con i era  i erent re t  e ecia  or t e e  e   an  e   co ore  ig ting. 
or e  ig ting  mo t o er er  a o t  ercei e  re  to e nearer  i e it  e  
 an  e   ig ting  a mo t none o  t e o er er  ercei e  re  to e nearer  n er e o  

co ore  ig ting  o e er  t e responses ere closer to t e  ro ortion than the three 
re io  mentione  co ore  ig ting  t t e responses ere e o  t e  ic  mean  

t e o er er  ercei e  e to e nearer instead of red. 

While visual inspection of the pictorial images and statistical results have produced 
interesting results on the effect of colored light on depth perception, the full extent on the 
e ect o  co ore  ig ting a  et to e e ored. i  t  oe  ort t e erce t a  a i  
of color stereopsis proposed  om on et a   o e ie e  t at color could 
influence t e ercei e  e t  o  o ect  

e co or tereo i  e ect a  a o o er e  in t i  t  t on  n er colored lighting 
conditions that altered the color contrast of the target and surround. As the current study has 
te te  on  t ree c romatic i minant  t e oint or t re o  at ic  a o iti e co or 
tereo i  e ect re  in ront o  e  i t  to a negati e co or tereo i  co or re er a  

cannot e etermine  at t i  oint  i  t  can on  at e t  c aim t at co or re er a  i  
o i e n er co ore  ig ting  

4. CONCLUSIONS 
i a  in ection o  t e image  an  t e results from the experiment o  t at colored 

lighting can indeed alter the co or contra t et een t e target an  it  rro n  t ere  a o 
altering the ercei e  e t  o  o ect  in a t ree-dimensional space. Under neutra  or 

nco ore  an  e ig ting  re  a  ercei e  to e nearer t an e  t n er re  an  
e o  ig ting  a co or re er a  occ r  erein e a  ercei e  nearer t an re   
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A Model for Estimation of Overprinted Colors on Nishiki-e Printings
Sayoko TAYA,  a i S  Noriko YATA  and o it g   

 i a ni er it
 National Museum of Japanese History

ABSTRACT
Nishiki-e is a type of Ukiyo-e  a ane e i torica  art an  m tico ore  oo oc  rinting   

Nishiki-e rinting a  ro ce   a et o  rinting oc  o a  ome et  o  rinting oc  ti  
remain  t ome o  rinte  image ere o t o er t e ear  e ro ction o  o t Nishiki-e printings 
i  e ira e  t it i  im o i e t at co orant  are imme iate  t on a rinting oc  or re rinting 
eca e t e e a e great i torica  a e an  o  not e amage  

o  e are tr ing to e ta i  a igita  re ro ction met o  o  Nishiki-e rinting  a e  on t e 
mea rement o  a e  o  rinting oc  an  m ti ectra  in ormation o  co orant  n o r re io  

or  t e mea rement o  rinting oc  ing a otometric tereo met o  a  cce  
executed . This paper focuses on color information and proposes a model of estimating color of 
overprinted colorants.

Accurate color information is essential in order to reproduce Nishiki-e more realistically. 
Nishiki-e a  t o a  o  re re enting co or  ne a  i  to t on  ing e co orant on a er  an  t e 
ot er i  to t more t an t o co orant  on a er one  one  e co or in ormation o  ing e co orant 
art i  a ai a e  mea ring anot er Nishiki-e ere t e ame co orant i  e  o e er  in regar  

to o er rinte  co or  it i  i fic t to get t e co or in ormation eca e t e in ormation o  o er rinte  
art  eci ic air o  co orant  i  not nece ari  o taine  rom anot er Nishiki-e. Then, a model 

of estimating color information of overprinted colorants using color information of single colorant is 
re ire

e co or o  o er rinte  co orant  i  c ange   t e or er in ic  co orant  o er a  ming 
t at co or o er rinte  art a  a in  o  a ere  tr ct re  e con tr ct a co or e timation mo e  

ic  con i er t e or er ing e a n  t eor  rt ermore  ectra  re ectance o taine  
 mea ring ing e co orant art o  Nishiki-e is applied proposed model in order to estimate the 

o er rinte  co or  en  t e e timate  re t i  com are  it  a mea re  a e o  o er rinte  art to 
confirm t e a i it  o  t e mo e  Some Nishiki-e rinting  ic  are o ne   t e ationa  e m 
o  a ane e i tor  i a  P  are mea re  rom mea re  a e  o  rea  Nishiki-e, it is 
o er e  t at tran arenc  o  er a er co orant i  ig er t an e timate  a e  m ro ement o  t e 
mo e  i  o r t re or

  Sa o o a a  a i S i  ori o ata  o it g  ana e  tracting on e  egion o  Printing oc  or 
igita  e ro ction o  Nishiki-e  Proc  o  oint on erence o       ai an
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ABSTRACT 

Nishiki-e, a type of Ukiyo-e, is Japanese historical multicolored woodblock printing. Some 

of Nishiki-e printing were lost over the years even though printing woodblocks were 

remained. For digital reproduction of lost Nishiki-e printings from remained woodblocks, 

accurate estimation of printed color is essential requirement. In this paper, a model for 

estimation of overprinted color using spectral reflectance and the order of every colorant is 

proposed and verified. The proposed model is based on Kubelka-Munk theory and Minato’s 

method. Estimation of overprinted orange and green was tried. Reflectance of orange was 

estimated well compared with measured one. However, green was not estimated 

successfully. Improvement of the model in order to be applied to various overprinted color 

is our future work. 

1. INTRODUCTION 

Ukiyo-e is very famous Japanese historical visual art. Especially, multicolored woodblock 

printings in Ukiyo-e are called Nishiki-e. A Nishiki-e printing is produced by a set of printing 

blocks. National Museum of Japanese History, Chiba, JAPAN has thousands of Nishiki-e 

printings and hundreds of printing blocks. Some sets of printing blocks don't have printed 

Nishiki-e because they were lost over the years. It is beneficial that lost Nishiki-e printings 

can be reproduced from remained printing blocks from a viewpoint of restoration of cultural 

assets. However, any colorants should not be put on remained printing blocks immediately 

because these have great historical value and should not be damaged. Establishment of 

digital Nishiki-e reproduction technology is one of constructive approaches to satisfy both 

conservation and utilization of Nishiki-e materials. 

 Digital reproduction of Nishiki-e printings requires shape information and color 

information. In our previous work, painting region as shape information is available by 

measuring printing block of National Museum of Japanese History non-destructively (Taya 

2015). This paper focuses on color information. Accurate color information is essential in 

order to reproduce Nishiki-e more realistically. Nishiki-e has two way of representing color. 

One way is to put only single colorant on paper, and the other is to put more than two 

colorants on paper one by one. Overprinted area and kinds of colorants used in the area can 

be discriminated from remained printing blocks. However, the order of overprinting of 

colorants is hard to know with non-destructive inspection.  
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In this paper, a model for estimating a spectral reflectance of an overprinted area using 
spectral reflectance and the order of every colorant is proposed and verified. Reflectance 
data obtained by measuring single colorant part of Nishiki-e printings are applied to the 
proposed model, and the estimated reflectance data are compared with measured reflectance 
data in the overprinted area to confirm the validity of the model. The order of overprinting 
also can be estimated from the result of estimation of reflectance.  

2. PROPOSED MODEL 

The proposed model is based on Kubelka-Munk theory (Kubelka 1948).  We assume that 
overprinted area has a kind of layered structure of colorants. 

In the case of two layered structure, inter-reflectance is occurred between the layers like 
the optics model shown as Figure 1. Then, reflectance of the whole layer is represented by 
Equation (1). 

 

Overprinted color part has three layers of upper-colorant, lower-colorant and paper shown 
as Figure 2. However, lower-colorant may be absorbed by paper. Therefore, shown as Figure 
2, the proposed model is constructed with two layers of the layer of upper-colorant and the 
layer consists of lower-colorant and paper.  

 

Figure 1: Optics model of two layers  

 

Figure 2: Layered structure of overprinted colorants  
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 To calculate reflectance of the whole layer R1,2, reflectance of upper-layer R1, 
transmittance of upper-layer T1 and reflectance of lower-layer R2 are required. R2 is 
measurable value from Nishiki-e printings, but R1 and T1 are immeasurable directly. They 
are calculated by Equations (2) and (3). 

 

In these equations, S means scattering coefficient, D means thickness and R҄ means unique 
reflectance at upper-layer. Unique reflectance of layer indicates the reflectance in case that 
the layer has enough thickness to conceal the ground. That is, unique reflectance of layer is 
not influenced by the reflectance of ground at all.  

Unfortunately, the unique reflectance of colorant used in Nishiki-e is immeasurable. 
There are two reasons. One is because there is not a part of colorant whose layer has enough 
thickness to conceal the ground. The other is because it is difficult today to generate the 
colorant used in those days when Nishiki-e printings are produced.  Then, it is assumed that 
the method by Minato (Minato 1969) is available for colorants of Nishiki-e. The method 
estimates the unique reflectance of translucent layer from the difference of the reflectance 
of the layer on black ground and that on white ground. Equation (4) shows the estimation 
equation of the method.  

 

In this equation, Rw means reflectance of layer on white ground, Rb means reflectance of 
layer on black ground, W means reflectance of white ground and B means reflectance of 
black ground. Scattering coefficient S required in Equations (2) and (3) is calculated by 
Equation (5). 
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3. RESULTS AND DISCUSSION 

Figure 3(a) shows the three measured points of red, yellow, and orange. Orange is 

overprinted by red and yellow. In Figure 3(b), the two estimated results that order is different 

are shown. A correlation coefficient between estimation 1 (red over yellow) and measured 

reflectance of overprinted colorants is 0.99, and that between estimation 2 (yellow over red) 

and measured one is 0.97. 

Figure 3(c) shows the three measured points of blue, yellow, and green. Green is 

overprinted by blue and yellow. In Figure 3(d), the two estimated results that order is 

different are shown. A correlation coefficient between estimation 1 (blue over yellow) and 

measured reflectance of overprinted colorants is 0.78, and that between estimation 2 (yellow 

over blue) and measured one is 0.39. 

In each overprinted colorants, the spectral reflectance is estimated differently by the order 

in which colorants overlap. Estimate results considering the order are deduced by the 

proposed model. About overprinted orange, estimation 1 is close to measured reflectance 

and the correlation coefficient of it is higher than that of estimation 2. Figure 4 is a 

photomicrograph of overprinted yellow. It is observed that red colorant is putted on printed 

yellow. The estimation is successful about the orange. However, about overprinted green, 

neither result is close to measured reflectance. The correlation coefficient is also the same. 

4. CONCLUSIONS 

A color model for estimation of overprinted color from each colorant information and its 

order using Kubelka-Munk theory was proposed. The estimated results were obtained from 

the model using the spectral reflectance of single colorants measured in Nishiki-e printings. 

The model well explains the difference of estimated spectral reflectance of overprinted 

colorants by the order. Estimated results of overprinted orange and green were also shown 

as an application of the proposed model. Reflectance of orange was estimated well compared 

with measured one. However, green was not estimated successfully. 

In future work, improvement of the model will be required in order to be applied to 

various overprinted color. 

ACKNOWLEDGEMENTS 
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!

!!!
(a) Example 1: Red, Yellow, and Orange 

!
(b) Estimated reflectance of example 1 

!!!
(c) Example 2: Blue, Yellow, and Green 

 
(d) Estimated reflectance of example 2 

Figure 3: Examples of Nishiki-e Printings and these estimated results  
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Figure 4: photomicrographs of overprinted orange and background yellow 
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t ical Con i eration  on ene era y or Color  Deficient eo le
o c a S

e or egian o o r an  i a  om ting a orator  i  ni er it  o ege  or a

ABSTRACT
n  a roce re a e  on omatic gene t era  or creating tric romac  in ic romatic 

mon e  a  een ro o e   anc o et a  t o g  t i  roce re mig t a o e e  to treat  
co or eficienc  in man o er er  t e met o  a  not een a a te  or man  an or ermitte  or 

man tria  et  n t e one an  et ica  concern  can e rai e  t at are c o e  re ate  to t e genera  
i c ion a o t omatic gene t era  n t e ot er an  t ere are great ro ect  in t e ro o e  

met o  re ate  to not on  creating tric romac  in ic romat  t o i  e en tetrac romac  in 
trichromats.

e arg e t at te t  t at o  a t t e ro o e  met o  or man  an  c inica  tria  o  
e a o e  a  ong a  t e te t  an  tria  fi  internationa  a ro e  re irement  i e or e am e 

t at t e tec ni e a  een te te  ficient  on anima  t at t e ri  are minimi e  or man  an  
gi en t at c inica  tria  o o  internationa  tan ar  i e or e am e t e in orme  con ent etc  

ne main actor in t e et ica  e ate a o t gene t era  or co or eficient eo e i  et er 
t i  t e o  gene t era  o  e efine  eit er a  omatic gene t era  to correct a genetic e ect or 
a  en ancement genetic engineering  n ot er or  et er co or eficienc  i  efine  a  i a i it  
or as non-harmful anomaly.

e arg e o e er t at co or e icienc  oe  not a i  a  rea  i a i it  an  t  main 
co t  or re earc  an  treatment o  e carrie   ri ate actor  an  t e atient  t em e e  i  
a o mean  t at on  omatic gene t era  o  e a o e  an  not germ ine gene t era  or co or 
eficienc  i tre  o  co or eficient eo e main  ari e in ocia  etting  ere comm nication i  
ea i  a e  on co or co ing i e or geogra ica  or ic tran ortation ma  in a erti ement  

o  e ite  etc  rom a ocia  ie  oint  ot er image im ro ement met o  i e a toni ation o  
t ere ore e rioriti e  or ic n ing  an  genera  im ementation  o  a i it  re ting in etter 
na igation an  comm nication or not on  co or eficient eo e t ot er gro  o  eo e t at a e 
a ect  o  i ion t at i er orm t e ma orit  o  eo e i e t e e er  an  ot er

 

 

Ethical Considerations on Gene Therapy for Color-
Deficient People 

Joschua SIMON-LIEDTKE1  
1 The Norwegian Colour and Visual Computing Laboratory, Gjøvik University College, 

Norway 

ABSTRACT 

In 2009, a procedure for creating trichromacy in dichromatic monkeys has been proposed 
by Mancuso et al. The treatment could be used to “cure” color deficiency in human 
observers in the future, but to-date the method has not been adjusted and tested on humans 
yet. I believe that from an ethical view point the proposed method should be adjusted for 
humans and allowed for clinical trials, as long as the risks and harms are minimized, the 
treatment and its long-term benefits and risks have successfully been studied on animal 
trials, and as long as possible human trials follow certain international standards like for 
example the informed consent etc. Since color deficiency does not qualify as “real” 
disability, however, only somatic gene therapy as opposed to germ line therapy should be 
allowed, and private actors and the patients themselves should carry the main costs of 
development and application. From a social view point, other image improvement 
methods, like for example daltonization, should be prioritized for public funding in order 
to increase usability in general resulting in better navigation and communication for not 
only color-deficient people but other groups of people who have issues distinguishing color 
due to age, etc. as well. 

1. INTRODUCTION AND BACKGROUND 

The majority of people can differentiate between millions of different colors. Most 
scientists agree on that the perception of color leads to behavioral advantages connected to 
the attentional system, object recognition, and possibly detection of emotional states, as I 
discussed in a previous paper (Simon-Liedtke, Farup and Laeng 2015). Also, color has 
been used more and more in our modern world for communication in arts, navigation, 
traffic, and education. Color-deficient people are people that have difficulties 
distinguishing certain colors, however, most color-deficient people are not in fact color-
blind. De Valois and De Valois (1993) explain that information from our eyes is processed 
in three distinctive pathways representing color attributes of intensity, red–green 
opponency and blue–yellow opponency. Most color-deficient people only have a reduced 
or missing perception along the red–green axis, but perceive fairly good color perception 
along the blue–yellow axis. In natural settings, color-deficient people might face 
discomfort (f.ex. collecting berries in the forest) but they are not in immediate threat of 
danger. It is especially in social contexts that color-deficient people are confronted with 
problems (Flatla and Gutwin 2012). Luckily, there are computational solutions in image 
processing to simulate color-deficient vision or daltonization methods that improve images 
for color-deficient people, as listed in a previous paper (Simon-Liedtke, Farup and Laeng 
2015). 

Mancuso et al. (2009) have proposed a procedure – aka the Mancuso-Neitz method – 
based on somatic gene therapy for creating trichromacy in dichromatic squirrel monkeys 
by injecting the missing cone pigment in the retina of dichromatic males. The procedure is 
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implemented as somatic gene therapy, i.e. the genes are affected only in the treated cells 
directly (Anderson 1985), in opposite to germ line therapy, where the specific gene is 
modified in the genome as a whole (ebid.). Although this procedure might also be used to 
“cure” color deficiency in human observers, the method has not been adapted for humans 
to-date, and thus is not permitted for clinical trials on humans yet. Prior to approving 
clinical trials, there are certain international standards for these kind of clinical trials, like 
the Declaration of Helsinki (WMA 2013) that lists certain guidelines to ensure ethical 
conduct for test on humans like the right of informed consent, right to withdraw, privacy 
etc. On a national level, institutions and branches of government like the US Department of 
Health and Human Services (HHS) (1997) provide detailed guidelines about what can and 
cannot be done, and how it should be done, like for example that all trials have to be 
supervised. Therefore HHS introduces Institutional Review Boards (IRB) for monitoring 
trials. Furthermore, Anderson (1985) argues that the aspect of delivery, expression, and 
safety1 has to be successfully fulfilled in animal studies as requirement before proceeding 
to clinical trials on humans. One main factor in the ethical debate about gene therapy for - 
people is whether this type of gene therapy would be defined either as somatic gene 
therapy to correct a genetic defect or as enhancement genetic engineering. In other words, 
whether color deficiency is defined as disability or as non-harmful anomaly. In this paper, I 
present arguments for and against allowing gene therapy for human observers, before I 
conclude with the proposition that gene therapy for color deficiency should indeed be 
allowed for humans under certain restrictions. 

2. DISCUSSION 

The ethical problem of gene therapy for color-deficient people gravitates around the two 
questions of if gene therapy for color deficiency should be allowed at all, and if yes, if the 
introduced Mancuso-Neitz therapy should be allowed for clinical trials on humans. The 
evaluation depends strongly on whether or not the nature of color deficiency is defined as 
natural variation, i.e. anomaly, or as mild disability. I argue for somatic cell gene therapy 
on a case-by-case analysis because it might facilitate color-deficient people to fulfill their 
life goals, and clinical trials have to follow certain international standards. 

2.1 Is gene therapy for color deficiency ethical justifiable in general? 

I argue that color-deficient people would benefit from gene therapy on a personal level but 
that most color-deficient people could function perfectly in society without it as well. On 
the one hand, banning gene therapy for color deficiency would lead to minor personal 
distress and discomfort for color-deficient people when navigating in social contexts, and it 
would manifest the exclusion of color-deficient people from certain professions like 
becoming a pilot, train conductor etc. Although, color-deficient people have indeed slight 
empirical measurable disadvantages to normal-sighted observers, I do not believe that 
color deficiency justifies as mild disability. Firstly, it does not lead to immediate danger or 
harm of the color-deficient person’s life. In opposite to other disabilities, where people 
would suffer a notable decrease in quality of life, and exclusion from central aspects of 
daily life, color-deficient people manage most important tasks without difficulties since 
they learned to compensate for their deficiency when growing up. Exclusion occurs only in 
                                                
1 In other words, only the targeted cells should be affected, the exogeneous gene does lead to the 
creation of the additional pigment, and it does not harm the cell or the whole animal. 
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some peripheral aspects like mentioned professions, and society as a whole can usually 
compensate very well for a color-deficient person who is excluded from those professions. 
The benefit for color-deficient level on a personal level, on the other hand, can be huge, 
ranking from facilitating navigation in traffic to fulfilling lifetime professions. Inclusion 
and self-realization of all their citizens is an important goal in many Western democracies 
including Norway, the USA etc. Last but not least, the Mancuso-Neitz method could lead 
to development of tetracromacy in trichromatic people (Jordan 2010).  

In conclusion, the resulting benefit for society as a whole from curing color deficiency is 
not very high, and, in my opinion, would not justify heavily public funding of development 
of such a therapy. Moreover, I want to underline that most problems for color-deficient 
people occur in a society that only focus on the needs of normal-sighted, i.e. trichromatic, 
people. Most problems can easily be solved by implementing guidelines known from 
universal design and usability, i.e. making all media that use color as communication more 
accessible for the color-deficient and other “visually disadvantaged” interest groups, like 
for example the elderly, as well. For this purpose, image processing provides the 
possibility of daltonization, i.e. the automatic image enhancement for the color-deficient, 
and other image enhancement methods. Also, I argue that it is unjustified to realize the 
treatment as a germ line therapy, meaning to change the genetic code in the genome such 
as to extinguish color deficiency altogether, since the effects of changing the gene pool are 
firstly hard to comprehend and do not justify the means, similar to the arguments about 
germ line therapy by Anderson (1985) in general. However, I do believe that gene therapy 
for color deficiency should be allowed as somatic gene therapy, if funded privately, since 
the presented therapy could help many color-deficient people to increase their personal 
quality of life, enable democratic inclusion and help them to fulfill lifetime professions.  

2.2 Is the Mancuso-Neitz color deficiency gene therapy ready for clinical trials? 

General ethical aspects circulate around the question of risks and harms for the health of 
people and animals involved in the process of developing the final treatment, and patients 
of the final treatment. In order to allow the presented Mancuso-Neitz method for clinical 
trials, we have to guarantee the integrity of health, human rights and the dignity of people 
and animals involved. Harms and unnecessary danger have to be averted. The current 
method to-date has only been tested on squirrel monkeys, on which it does not seem to 
have any negative effects, but the authors have not sufficiently listed long-term 
consequences of the treatment for the animals. If the presented results from Mancuso et al. 
(2009) are true, the results suggest sufficient integrity according to Anderson’s (1985) 
three requirements from animal studies. Namely, only cones have been affected, the 
modulated genes did create the additional and intended pigment, and no other cells were 
harmed. However, further studies have to be conducted on animals as well to document 
and investigate long-term effects. If these studies, too, test satisfactorily, the method could 
be allowed for human clinical trials given they comply with international standards defined 
by for example the HHS (1997) or the Declaration of Helsinki (WMA 2013). I argue that a 
new chapter for clinical trials on humans could be opened given that the long-term effect 
of the treatment have been studied on animals, an exact overview over benefits and risks of 
the treatment has been documented, and as long as the trials follow international standards 
like the right to informed consent, and the trials are planned and monitored according to 
national and international standards guaranteeing the reduction of risks for the patients. 
Moreover, as discussed before, I believe that the financial costs of the development should 
not be handled by the general public but by private actors. 
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3. CONCLUSIONS 

In conclusion, I argue for the case of gene therapy for color-deficient on an individual level 
if international standards are fulfilled for the treatment, the risk is reduced to a minimum 
for the patient, and private actors handle the costs. Public funding should better be spent on 
other solutions that may help both color-deficient people and other groups with color 
vision that differ from the majority like for example the elderly. More precisely, the focus 
should be put on usability and daltonization. Concerning the Mancuso-Neitz gene therapy, 
I argue that clinical trials should be allowed if patients of this clinical trials are treated 
according to guidelines of international standards like informed consent, information about 
the risks etc., and the research is financed by private actors or the patient him/herself. 
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ABSTRACT 
A common step in multi-spectral imaging is the estimation of spectral reflectances from 
camera responses. Most practical spectral reconstruction methods rely on examples to learn 
a transformation from camera responses to reflectances. e main ro em t en ie  in t e 
e ection o  t e training am e  t i  o ten im ractica  to ro ce t e re ire  n m er o  

samples for a given algorithm and application. Instead, samples from a different “domain” 
are used: a standard color chart or printed samples. We compare the performance of linear 
and non-linear estimation algorithms, paying particular attention to the effect of using 
training and test samples from different domains, in our case different printers and papers. 

1. INTRODUCTION 
o or mea rement ing camera tem  re ire  a tran ormation rom t e camera ace 

to standardized color spaces. A common step in multi-spectral imaging is therefore the 
estimation of spectral reflectances from camera responses  ic  t en a o  for the 
calculation of most common colorimetric properties. Most practical spectral reconstruction 
methods rely on examples to learn a transformation from camera responses to reflectances. 

e main ro em t en ie  in t e e ection o  training am e  t i  o ten im ractica  to 
ro ce t e re ire  n m er o  am e  or a given algorithm and application. Instead, 

samples from a different “domain” are used: a standard color chart, printed or painted 
samples, depending on the application. The word “domain” refers to any systematic 
i erence  in encing t e mea rement re t  i erent a er t e  rinting in  

measurement conditions or gloss levels coul  a  e een a  e arate omain   

i  i  ro ematic eca e ectra  e timation i  an n er etermine  ro em  ere t e 
n m er o  camera c anne  i  t ica  m c  o er t an t e n m er o  ectra  an  to e 
e timate  ne a  to im ro e re t  i  to incorporate prior no e ge a o t t e 
reflectance domain, either directly through regularization ei inen et a   and 
sparse representations ic er et a   ang et a   an e  Parmar  an  an e  

, or in irect  t ro g  an a a ti e earning a gorit m t at i  ca a e o  ca t ring 
structural properties of the training data engio  o r i e  an  incent   a  

an o ri  ar ani  an  o ton . 

n t i  or  e e t e e am e o  rint in ection  e ant to e timate t e re ectance 
ectra o  co or  ro ce   a artic ar rinter  t or training on  tan ar  co or c art  

or samples printed on a di erent rinter an  a er are a ai a e  

2. METHOD 

2.1 Spectral Reconstruction 
e e timation o  ectra rom camera re on e  can e ac ie e   in erting t e image 

ormation roce  or  earning a tran ormation rom e am e   

Examples of direct spectral reconstruction in er ion o  t e image ormation roce  are 
the spatial Wiener filter S imano  an  an e ten ion t at inc e  a e rring 
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component ri to  o a  an  r an . We do not consider spatial information in 
t i  or  a t o g  it i  o i e to e ten  mo t a roac e  t i  a . The main advantage 
o  atia  a roac e  are increa e  ro tne  to noi e an  re er ation o  tr ct re in t e 
image r an  o en  an  ern   ot  o  ic  are not re e ant in o r t  ince 

e er orm mea rement  on re ati e  arge an  omogeneo  region  

A large n m er o  in irect learning- a e  met o  a e een ro o e  or ectra  
estimation. In principle, any multi- imen iona  regre ion met o  ma  e e  e 
simplest approaches estimate a linear transformation from camera responses to spectral 
reflectance, for example using the Moore-Penrose pseudoinverse or an iteratively 
re eig te  ro t ea t are  met o   (Dumouchel and O’Brien 1992).  

More complex approaches add regularization and non-linear components to the estimation 
process ei inen et a  . We include the log-kernel estimation method in our 
comparison c ar  et a   ic  performs e  or ectra  e timation on printed 
samples it  a camera system very similar to the one used in our experiments.  

Another common approach is the use of a more compact representation for reflectance 
spectra.  Each spectrum can t en e e cri e  it  a ma  n m er o  coe icient  or 
arameter  ic  ma  re ce t e e ect o  noi e an  potentially makes it easier to invert 

the previously underdetermined system. There are man  a  to o tain c  
re re entation  ot  inear  an o ri et a   o onen  Par kinen, and 

e inen  piece- i e inear an e   and non-linear enen a m  e Si a  
an  ang or  . We performed test  ing t e e met o  t o n  t at t e re ce  
representations are most useful for estimation from er  o  imen iona  tem  c  a  

.  

2.2 Experimental Set-up 
e e ata rom t e o o ing omain  i erent rinter  an  a er  or o r 

experiments: 

x Inkjet HP (IJ_HP): art rinte  on an P  -in  tem  on 
high-gloss photo paper. 

x Inkjet Epson (IJ_EP): art rinte  on an on  -ink system 
ig t/vivid variants  on emi- to high-gloss paper. 

x Offset A (OFS_A): art rinte   a commercia   offset printing service 
in ig  a it  on emi-gloss paper. 

x Offset B (OFS_B): art rinte   a commercia   offset printing service in 
norma  a it  on t inner emi-gloss paper. 

n eac  tem e rinte  the same color chart containing more t an  ran om  
colored patches. We then measured each patch using a spectrophotometer  and o taine  
camera response data using a -channel multi-spectral system , taking the average of the 
central region from each patch to reduce effects of noise, and normalizing responses to the 

 range. From each c art e t en e ecte   atc e  ma imi ing t e ectra  
                                                 
 ite i iSi  tt rite com i i i - it -o c  

 roma en  r eP  ti-spectral line scan camera, tt c roma en e en m ti-
spectral-camera-truepixa  
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i erence et een e ecte  co or  e ectra an  camera re on e ata i  a ai a e in the 
supplementary materials3. 

In o r e eriment  e e t e o o ing earning- a e  met o  or re ectance e timation  

x Linear: Least Squares (LSQ): irect inear ea t- are  ing t e oore-
Penrose Pseudo-Inverse. 

x Linear: Robust Least Squares (RLSQ): n iterati e  re eig te  ea t uares 
method, giving e  eig t to o t ier . 

x Non-Linear: Neural Network (NN)   ne ra  net or  it  one hidden layer of 
i e  traine  ing ac ro agation . 

x Non-Linear: Log-Kernel (LKL): e ogarit mic erne  met o  ic  a  
re io  een o n to er orm e  ing a et-up similar to ours  o a  et 

a  , using the suggested parameters from c ar  et a    

 Note that the main goal is not the direct comparison of the reconstruction results, 
t rat er o  t e met o  a i it  to genera i e acro  omain  i en icient no e ge 

a o t an a ication  t e re t  re orte  ere co  i e  ene it rom a ting re e ant 
parameters or choosing an a ternati e re re entation  n artic ar e com are t e 
generalization properties of linear vs. non-linear methods. 

e t en e  eac  o  t e  et  to train t e a gorit m  an  e a ate  t e recon tr ction 
a it  ing t e  co or i erence formula S arma   an  a a  . e 

to ace re triction  e on  resent the mean error for each result, for more details please 
refer to the supplementary material. To avoid using the exact same data for training and 
te ting  e e  -fold cross- a i ation en te t an  training et ere i entica  

iagona  in t e re t matrice  in a e  

3. RESULTS AND DISCUSSION 
The error matrices for the algorithms ing a   camera c anne  are o n in a e  

ere co mn  in icate t e training et an  ro  t e te t et   met o  er orme  e  
en te t an  training ata ere rom t e ame omain iagona  o  eac  matri  it  

t e e t re t or eac  com ination o  training te t omain in icate  in o  Using the 
median instead of the mean re te  in o era  ma er n m er  t t e overall trends 
remained the same. 

e igge t error  occ r or t e n et P c art  in artic ar t e non-linear methods 
ne ra  net an  og- erne  er ormed m c  or e t an t e inear methods in estimating 

the HP Inkjet’s spectra. This is probably due to the glossy paper, additional inks (RGB) and 
larger gamut of the printer. The differences in spectral properties can ea  to ar itrari  

                                                 
3 http:/ i t - arm ta t e re earc co org co or ication in e en   

 m emente  ing  an  Statistics oo o  e ea e  e at or  nc  
Natick, Massachusetts, United States. 

 m emente  ing  an  e ra  et or  oo o  e ea e  e at or  
Inc., Natick, Massachusetts, United States. 

 Implemented using the origina  co e a ai a e on ine at 
tt gr e co orimg oc og erne tm   
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large errors depending on the properties of the non- inear term  i e inear met o  
typically perform consistently even or e tra o ation  i  ro em act a  ecome  or e 

it  a ig er imen iona it  

 

Table 1: Error matrices for spectral reconstruction using 12 camera channels. Columns 
indicate the training domain, rows the test domain. Numbers show the average 

CIEDE2000 color differences to the spectrophotometer measurements, the best result for 
each training/test combination is highlighted in bold. When training and test sets are 

identical, we use 10-fold cross-validation. 

LSQ IJ_HP IJ_EP OFS_A OFS_B 
 

RLSQ IJ_HP IJ_EP OFS_A OFS_B 
IJ_HP 1.25 1.79 2.11 2.07 

 
IJ_HP 1.98 1.82 1.94 2.54 

IJ_EP 0.89 0.37 0.82 1.05 
 

IJ_EP 1.48 0.37 0.62 1.02 
OFS_A 0.81 0.58 0.42 0.86 

 
OFS_A 1.37 0.71 0.41 0.81 

OFS_B 0.98 0.78 0.78 0.32 
 

OFS_B 1.52 0.94 0.79 0.31 

           NN IJ_HP IJ_EP OFS_A OFS_B 
 

LKL IJ_HP IJ_EP OFS_A OFS_B 
IJ_HP 1.82 2.19 8.78 7.38 

 
IJ_HP 1.50 2.56 2.97 2.89 

IJ_EP 2.30 0.29 1.33 1.33 
 

IJ_EP 23.70 0.22 1.11 1.24 
OFS_A 2.20 0.74 0.48 1.35 

 
OFS_A 21.33 1.05 0.43 0.88 

OFS_B 2.00 0.97 0.78 0.36 
 

OFS_B 20.32 0.99 0.99 0.31 
 

Table 2: Error matrices for spectral reconstruction using 3 channels (RGB). 

LSQ IJ_HP IJ_EP OFS_A OFS_B 
 

RLSQ IJ_HP IJ_EP OFS_A OFS_B 
IJ_HP 4.91 5.33 5.43 4.71 

 
IJ_HP 5.27 4.97 5.86 4.91 

IJ_EP 2.73 2.07 2.50 2.33 
 

IJ_EP 4.24 1.49 2.62 2.25 
OFS_A 2.22 1.93 1.78 1.81 

 
OFS_A 3.74 1.94 1.86 1.79 

OFS_B 2.55 2.39 2.29 1.69 
 

OFS_B 3.16 1.99 2.41 1.71 
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LKL IJ_HP IJ_EP OFS_A OFS_B 
IJ_HP 2.65 4.24 5.53 5.42 

 
IJ_HP 1.95 4.52 5.10 5.60 

IJ_EP 12.02 0.59 2.08 2.04 
 

IJ_EP 8.24 0.45 2.00 1.78 
OFS_A 10.78 1.56 0.68 1.46 

 
OFS_A 7.57 1.56 0.70 1.44 

OFS_B 12.88 1.35 1.33 0.46 
 

OFS_B 6.98 1.34 1.25 0.48 
 

era  t e inear e timator  er orme  e t on -channel data across domains. The log-
erne  met o  er orm  e  en training an  te t ata are rom t e ame i tri tion t 
er ormance eteriorate  igni icant  en t e ata et  are i erent  e ne ra  net or  

performs does not perform partic ar  e  in an  com ination  t t e ma im m error  
are significant  o er t an or t e og-kernel. 

n mo t camera tem  t e n m er o  a ai a e c anne  i  o e er m c  ma er  We 
t ere ore a o te te  t e er ormance or a o er n m er o  c anne   on  ing  of the 

 a ai a e c anne  o  o r tem . Surprisingly, the non-linear methods 
performed better in a n m er o  con ig ration  it  on   c anne  t an it   a e  
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o  t e re t  or t i  scenario. While large difference  et een te t an  training sets 
are ti  a ro em  oth the neural net and the log-kernel significantly outperform the 
linear approaches, except for the ro ematic n et P ata et  Another interesting result 
is that the “robust” least squares metho  a ear  to e more en iti e to omain c ange  
t an reg ar ea t are  ro a  eca e it it  t e training et more c o e   gi ing 
e  eig t to o t ier  

 

4. CONCLUSIONS 
The non-linear methods ne ra  net an  og- erne  a ear to e more sensitive to 

i erence  et een te t an  training ata  artic ar  en t e imen iona it  o  t e 
camera space increases t i  mig t e an e am e o  t e curse of dimensionality). or o -
dimensional spaces, the advantage of a non-linear estimation is significant  t o er itting 
remain  a ro em en training an  test domain differ significantly. 

en t e imen iona it  o  t e camera tem i  icient  ig   c anne  in o r 
ca e  a inear ea t are  o tion ro i e  t e e t re t  in term  o  overall 
colorimetric error, especially across domains. Non-linear approaches provide significant 
ene it  on  hen the training and test domains are similar and t e n m er o  camera 

channels is small. 

t i  o io  t at a  o  t e e re t  ea i  e en  on the selected domains. The spectra of 
rinte  am e  re ma  a e a o  e ecti e imen iona it  ro g  ro ortiona  to 

t e n m er o  in  ot er am e  c  a  nat ra  re ectance  o  mo t i e  ea  to 
different results. 
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ABSTRACT 

Color-deficient people may be confronted with disadvantages and discomfort when 
navigating through a society that relies heavily on color as medium of communication in 
their daily lives. Daltonization as automated methods to improve color images for color-
deficient people has traditionally been proposed by the field of image processing. Also, 
Sensory Substitution Devices from vision-to-touch or vision-to-hearing have been 
developed for the blind, and could be adapted to the needs of the color-deficient as well. 
And last but not least, a gene therapy for creating trichromacy in dichromatic monkeys has 
been proposed that might be applicable for humans as well in the future. All three 
approaches can be used to facilitate the life of color-deficient people with different up- and 
downsides to each method. Firstly, gene therapy holds the promise of a complete cure and 
regain of the lost color perception, while being highly intrusive and holding still unknown 
costs, risks and long-term effects on the patients’ health. Secondly, SSDs provide an 
approximate substitution of the lost color sense, at the same time as it is somewhat 
intrusive and cannot copy all aspects related to the attributes of colors to a full degree. 
Thirdly, daltonization is probably most effective and can even help other groups of people 
that have problems distinguishing colors like the elderly, but it cannot fully emulate lost 
color perception. I argue that, while all three methods can promise interesting results, 
daltonization should be the method in focus of public attention when evaluating all 
alternatives in the light of usability and accessibility. 

1. INTRODUCTION 

Color deficiency exists in about 8% of the male population. Color-deficient people have 
problems distinguishing certain colors, or do not perceive certain colors at all. Most color-
deficient people have problems with colors along the red–green axis. The problems of 
color-deficient people are closely related to reduced usability and accessibility in daily life 
situations. Discomfort and problems for color-deficient people in daily life are closely 
connected to social settings where our society heavily relies on color-coding as can be seen 
on how color is used in geographic maps, advertising, communication etc. We might use 
so-called daltonization methods, Sensory Substitution Devices (SSDs) – most commonly 
realized as vision-to-touch or vision-to-hearing – or even gene therapy. To evaluate each 
method, it makes sense to use categories such as efficiency, costs, feasibility etc. with 
special focus on the improvement in the light of accessibility and usability for a lesser or 
greater extend of people. In this paper, I am going to present the different methods, discuss 
their advantages and disadvantages in order to answer the question, how each of the 
presented approaches might help to increase accessibility and improve usability of 
electronic media for color-deficient people. 
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2. BACKGROUND 

Daltonization methods are automated methods from the field of image processing to 
increase image quality for color-deficient people, some of which are mentioned in a 
previous paper (Simon-Liedtke, Farup and Laeng 2015). Daltonization methods help to 
regain lost information and to facilitate differentiation of colors that are otherwise hard to 
distinguish for color-deficient people by increasing global and/or local color contrast. 
Daltonization methods can be implemented on practically any computing device and 
various applications like for example on computers, smart phones, printers etc., for web 
browsers, camera interfaces, etc., as color profiles, filters, lookup-tables etc. 

Sensory Substitution Systems (SSDs) have been developed mainly for the blind to translate 
visual information into other senses, like for example into touch and/or hearing by 
“systematically converting properties of vision […] into auditory properties […] or tactile 
properties […] by means of a man-made device” (Ward and Wright 2014). Ward and 
Wright (ibid.) mention several implementations related to the two main categories of 
Haptic SSDs, i.e. SSDs that translate to the sense of touch, and Auditory SSDs, i.e. SSDs 
that are translate to the sense of hearing. Haptic SSDs are for example the TVSS and the 
TDU that project tactile information to the back or the tongue of the user respectively 
(ibid.). In terms of Auditory SSDs, devices like “seeColOr” that encodes color as 
orchestral instruments, “The Vibe” or  “The vOICe”  that convert a two-dimensional gray-
scale image into a two-dimensional sound image have been mentioned by Ward and 
Wright (ibid.). Also, the “eyeborg” project by Harbisson and Montandon (2013) deserves 
to be mentioned, in which a chip that is permanently attached to the back of the head of 
achromats maps light frequencies to sound frequencies, making color “hearable”  

Mancuso et al. (2009) proposed a somatic gene therapy to create trichromacy in 
dichromatic squirrel monkeys. The treatment consists of a viral injection caring an L-opsin 
gene into the retina of male squirrel monkeys: A specie, of which females are usually 
trichromats whereas and of which males are dichromats. After the treatment, male squirrel 
monkeys displayed a clear trichromatic behavior. To-date, however, there are no published 
studies about the applicability for humans and/or long-term effects on the health of the 
squirrel monkeys. 
Universal Design is defined by The Center for Universal Design (CUD) (2008) through a 
quote of Ron Mace as “the design of products and environments to be usable by all people, 
to the greatest extend possible, without the need for adaptation or specialized design”. In 
universal design, we take into consideration the fact that people or groups of people have 
different needs and possibilities, which we do have to take into account when designing an 
(interactive) media outlet. CUD (1998) lists therefore seven principles facilitating the 
implementation of a successful universal design, including equitable use, flexibility, 
simplicity, perceptibility, error tolerance, low physical effort, and size and space. An 
important aspect of universal design is the question of usability, i.e. “the extent to which a 
product can be used by specified users to achieve specified goals with effectiveness, 
efficiency and satisfaction in a specified context of use” (ISO 1998). A usability evaluation 
should measure to which extent a color-deficient user is able to extract-correct visual 
information from a photography or an information graphic like maps, public transportation 
schedule etc. Next to the principles of universal design and usability, I include the 
following aspects of the discussed methods: Firstly, if there is any notable improvement for 
the color-deficient users, secondly, the aspect of practicality and feasibility, and, thirdly, 
the aspect of intuition and training. 
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3. DISCUSSION 

Daltonization methods do not help color-deficient people to actually perceive more colors, 
but they help to change colors in a way that colors that are otherwise easily confused 
become more distinct from each other. These methods reach their limit in cases where a lot 
of colors are present in an image and the possibilities of rearranging color contrasts get 
exhausted. By contrast, most daltonization methods are efficient in terms of costs and 
computation. They are also easily implementable on most electronic output devices like 
computers, smart phones etc. for both screens and prints – after prior pre-processing. They 
can be realized as filters, apps, lookup-tables etc. making it easy to use for every color-
deficient person that owns a smart phone, tablet or computer. Moreover, daltonization 
follows the usability guidelines of equitable use, flexibility, perceptibility, low physical 
effort, and size and space. I believe that the easy availability of daltonization methods, 
especially in combination with color deficiency simulation methods as listed in a previous 
article (Simon-Liedtke, Farup and Laeng 2015) also helps to increase awareness for color 
deficiency in normal-sighted people, since normal-sighted people as well can try out 
daltonization without huge costs or effort. 
On the one hand, SSDs require a certain adaptation period before enabling simple and 
intuitive use, even though most participants reported to have adapted very well after the 
initial training phase (Ward and Wright 2014). Some implementations do not provide 
lesser physical effort with respect to the CUD guidelines, especially in the case that tactile 
information is obtained through fingers. However, other devices have been proposed that 
are attached to the body directly without further interaction (ibid.). Also, the physical 
nature of visual, haptic and acoustic stimuli may lead to obstacles. Consider for example 
the range of the senses: Things can be seen from very far away, whereas sound has 
undeniable range limitations, and touch can basically only be perceived from very nearby. 
This would make it difficult to translate certain visual information into other senses. 
Furthermore, SSDs might interfere with other stimuli. If sound is for example being used 
to transport color, there will be problems in conversations with others. Last but not least, 
SSDs are somewhat intrusive because it means that the color-deficient person has to carry 
around additional devices, like for example the “eyeborg” prosthetic, that might even be 
somewhat expensive. On the other hand, SSDs can make colors truly sensible: Harbisson, 
for example, reported that he actually started to hear colors (Harbisson and Montandon 
2013). Ward and Wright (2014) point out that SSDs might lead to artificially acquired 
synesthesia, i.e. that participants start to both hear and see colors, respectively both feel 
and see. The argument of device costs can be limited to the degree that most modern smart 
phones are already capable of giving haptic or auditory feedback, a fact that might reduce 
costs and intrusiveness of SSDs. And last but not least, SSDs can be combined with 
virtually any form of sensor that measures any kind of electromagnetic radiation or fields, 
thus it might enable people to perceive UV- and/or NIR-radiation, electronic and/or 
magnetic fields etc.  
Admittedly, gene therapy is a somewhat young field of research to-date, such that the full 
extend of the treatment, long-term risks and harms, costs etc. are not fully comprehensible. 
There are certain shortcomings in the documentation of aspects related to safety in the gene 
therapy study by Mancuso et al. (2009). And since no adaptation has been made for 
humans, there is no prediction about costs and harms for humans; let alone if the procedure 
is even applicable for humans. Moreover, the procedure is highly intrusive since it alters 
the genetic code of the participant. On the other hand, though, it is the solution that truly 
“cures” color deficiency leading to the only real sensation of the color dimensionality that 

1331
AIC2015 TOKYO - Color and Image



 

 

is lost for color-deficient people. Moreover, it could be used to create tetrachromacy, i.e. 
the ability to perceive more colors than normal-sighted people can (Jordan et al. 2010) 

4. CONCLUSION 

Daltonization provides effective and easily implementable help of improving media outlets 
but it cannot create additional visual perception. SSDs show deficits concerning simplicity, 
physical effort, nature and range of the stimuli, integrability, compatibility and costs but 
provide huge advantages of SSDs related to equitable use, flexibility, perceptible 
information, error tolerance, size and space, and creation of a truly new sense. Thirdly, 
gene therapy raises question concerning safety and feasibility at the possibility of truly 
curing color deficiency. I, as a computer scientist, believe that daltonization to-date surely 
provides the best solution in daily life in the light of universal design, at the same time as 
the possibilities of SSDs and gene therapy should be further investigated. 
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ABSTRACT 

Spectral imaging system handles image signals in spectral form. Different approach can be 
used to generate spectral image. Early spectral camera system uses tunable liquid crystal 
tunable filter for capturing narrow band signals. Newer multi-filter camera system uses 
optimized filters with monochromatic camera to captures spectral data and then to 
numerically process the data into finer spectral resolution. Another example is two-filter 
RGB camera system that captures image with RGB CCD sensor array through specifically 
optimized filter pair. Numerical process is followed to reconstruct the full spectral range. 
Active illumination is also a new approach proposed for faster acquisition of image in 
spectral form. A gating-based spectral imaging system is used by the authors as well. Each 
method deploys different hardware device resulting in difference color reproduction  
perfromance. In this study the colorimetric performance for spectral imaging system is 
under investigation. Two different calibration procedures were performed in the grating-
based spectral imaging system. The 24-color ColorChecker were used as the baseline test 
target to generate color  difference values as the performance metrics. Results indicate that 
this grating-based spectral imaging system is capable to yield similar colorimetric 
performance than the other spectral imaging system. With tighter calibration procedure, it 
has the potential to generate even better colorimetric performance than the other spectral 
imaging system. Nevertheless, all the spectral imaging systems studied here perform better 
than conventional RGB camera in color reproduction accuracy. 

1. INTRODUCTION 

Spectral imaging system is gaining more attention not only from the technical development 
point of view but also for the actual application of high accuracy color reproduction. There 
are various approaches to configure the imaging system to acquire imaging data in spectral 
form. One common way is to use optimized filters to capture integrated signals and 
reconstruct the spectral data by known vector characteristics (Berns et al., 2005a; Imai and 
Berns, 2009). Another newer way utilizes active illumination, like LED or DLP projector, 
to generate spectrally selected signals to reconstruct the full spectral data (Tominaga and 
Horiuchi, 2012). The other way uses grating-type device to capture the spectral signals 
directly. Each approach may deploy different hardware device or different computation 
method, therefore results in different operation procedures and colorimetric performance. 
There are different operational merits, like faster to capture or easier to process for 
different approaches among these spectral systems. However, it is the colorimetric 
performance that is focused in this study. 

 Some of the colorimetric performance analyses of high-end RGB digital camera in 
museum community can be found in prior benchmarking studies (Berns et al, 2005b; Frey 
and Farnand, 2011). Berns’ more recent study summarized the colorimetric benchmarking 
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of museum imaging system: average color accuracy in 2005 for four museums was 12.4 △
E*ab; average performance improved to 8.9 △E*ab among 22 participating museums in the 
range between 4.25 to 17.15 in 2010 (Berns, 2012). For more recent camera back systems 
incorporating color management default camera profiles, the average △ E*ab for 
ColorChecker are ranged from 6.6 to 9.8 (Berns, 2012). These results are based on high-
end RGB (tri-chromatic) cameras.  

For spectral imaging system, the RIT Dual-RGB approach included a filter slider that 
can sequentially place two custom color filters to capture image. When optimized to 
minimize average △E*ab for the ColoeChecker, the colorimetric accuracy was reported for 
average △E*ab at 1.1 and 0.7 in △E*00. Other custom-made test targets were also verified 
(Berns, 2012). On the other hand, an active spectral illumination approach is proposed at 
Chiba University. A special light source which is capable of emitting arbitrary spectrum in 
high speed was used with three algorithms (Tominaga and Horiuchi, 2012; Fong et al., 
2008). The best colorimetric accuracy for mini ColorChecker was reported for average △
E*ab at 1.88 with maximum △E*ab at 3.90 when narrowband algorithm was used. These 
prior results provide good references in benchmarking the colorimetric performance of 
spectral imaging systems. 

In addition a grating type device, spectrograph, is capable to disperse incoming light 
into spectrum. With 2-D monochrome CCDs and X-Y scan-bed, a spectral scanning 
system can be established. It is the objective of this study to perform the colorimetric 
benchmark for this spectral scanning system that is used by the authors. The results are 
provided for general reference as one example of spectral imaging systems. 

2. METHOD 
A gating-based device (spectrograph by Specim) is deployed in this research to establish a 
spectral imaging system for digital archive of small museum objects. A special Xeon light 
is used as the illumination. Two optical fibers guide the illumination to both sides of the 
lens to form a 45/0 geometry. The image is captured in line-by-line manner. The incoming 
light of every pixel on the line is dispersed by the spectrograph into a series of spectrum 
perpendicular to the line direction to be projected on a monochromatic 2-D CCD sensor 
array. The two-dimensional signals on the CCD sensor array comprise the spectral signals 
on every pixel of the scan line.  

The light source, lens, spectrograph device and monochrome CCD camera are mounted 
on an X-Y scan bed as shown in Figure 1. Each scan line includes 1600 pixels and each 
pixel consists of 800 samplings from different wavelengths in the visible bandwidth, which 
are consequently interpolated into samplings from 390 nm to 730 nm in 10 nm increments. 
Each wavelength reading is recorded in 12-bit encoding by the monochrome CCD camera. 
This configuration can avoid the potential registration problem from multiple exposures. 
After calibrating to a known reference standard and post-processing, spectral reflectance 
factor for every pixel can be generated. Colorimetric accuracy can be estimated by 
computing the color difference between the measured spectral reflectance factors of the 
original test color patches and the spectral reflectance factors of the reproduced values. 
Both △E*ab and △E*00 are generated in D65 for comparison with prior studies. Average 
and maximum color difference are reported. 
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Figure 1: Spectral imaging system used in this study. 

2.1 Sample Preparation 

An X-rite mini ColorChecker (Passport) wae used as the testing target. The spectral 
reflectance factors of the 24 color patches were measured using a GretagMacbeth 
SpectroEye spectrophotometer. A pair of Labsphere reference target (2% and 99%) were 
used as calibration references as shown in Figure 2 altogether. A MATLAB program is 
developed to perform the calibration and to process all the spectral data. 

 

 
 

Figure 2: Test targets and reference targets used in this study. 
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2.2 Experimental Procedure 

This spectrograph with CCD camera generates 12-bit raw signals. After calibrating the raw 
signals with reference standards, spectral reflectance factor can be computed. In this study 
two rounds of calibration procedures are reported. The first one only uses two independent 
reference targets (2% and 99% Labsphere patches) in the calibration procedure. The 24 
color patches in the ColorChecker Passport are used as independent test samples to verify 
the calibration results. After analyzing the first results, the second calibration procedure is 
proposed. Since the ColorChecker includes six levels of neutral color and its size is not to 
large, it is then feasible to just take the six neutral colors as the calibratoion references and 
to use the rest eighteen colors as independent test targets. It is assumed that more neutral 
targets can improve the reproduction accuracy within the calibration (linearization) 
process. This is the idea behind the second procedure.   

3. RESULTS AND DISCUSSION 

Two sets of color difference values are computed. The first procedure just uses a black and 
a white independent references to perform the calibration. The second procedure uses 6 
neutral colors as reference to perform the calibration. Table 1 summarized the testing 
resutls in △E*ab units. Procedure one uses two independent reference targets, therefore the  
24 color differences in the average of 2.11 △E*ab can be considered as the colormetric 
performance under this circustance, while the maximum difference is 4.40 △E*ab. 
Procedure two takes the 6 neutral color patches in the ColorChekcer as the calibration 
(linearization) references, therefore taking the rest 18 colors to compute the average color 
difference reveals more independent information. It can be seen that procedure two yields 
better results than procedure one for the averaged 18 colors, which implies a larger range 
of linearization in this configuration can improve the performance. The averaged 6 colors 
is from the 6 neutral color patches in the ColorChecker, which is provided for cross-check. 

Table 1. Summary of the results from the two procedures in △E*ab . (* noted for the small 
difference) 

Procedure/ △E*ab 
24 Colors 

(ave) 

18 Colors 

(ave) 

6 Colors 

(ave) 

24 Colors 

(max) 

18 Colors 

(max) 

6 colors 

(max) 

Black and White 2.11 2.45 1.10 4.40 4.40 2.42 

Six neutral levels 0.827* 0.829* 0.821 1.81 1.81 1.10 

 

Table 2. Summary of the results from the two procedures in △E*00 . 

Procedure/ △E*00 
24 Colors 

(ave) 

18 Colors 

(ave) 

6 Colors 

(ave) 

24 Colors 

(max) 

18 Colors 

(max) 

6 colors 

(max) 

Black and White 1.19 1.28 0.91 1.72 1.69 1.72 

Six neutral levels 0.52 0.42 0.821 1.40 0.65 1.40 
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The same data are computed in △E*00 and is summaried in Table 2. As shown in Table 
2, the trend is similar that procedure two yields better performance than procedure one. 
However, there is one exception that when finding the maximum difference, it always falls 
in the neutral color group in △E*00 units for both procedures. When computed in △E*ab 
units, the maximum difference is always found not in the neutral color group. The different 
weightings in the two color difference formulas may cause the shift. This variation might 
deserve some attention in the museum community while selecting color different formula 
as performance metrics. Further studies might be needed though. 

Another possible future work is to use just the darkest and lightest neutral color patches 
in the ColorChecker to perform the calibration for comparison. The other possible work is 
to use six independent color patches, like the Labsphere targets, as reference standards 
from dark to white for comparison. It is preferred though to use the ColorChecker’s nutral 
colors for the calibration since this mini ColorChecker is so small that can be included in 
the scan easily. These can be good topics for future studies. Nevertheless, all these results 
are good benchmark values for this grating-type spectral imaing system. 

4. CONCLUSIONS 

There are various approaches to establish spectral imaging system. This study used 
grating-type spectrograph device to build a spectral scanning system. With a basic 
calibration procedure (reference to a black and a white patch), this system can reach an 
average color differnce for ColorChecker at  2.11 △E*ab or 1.19 △E*00 with maximun 
difference at 4.40 △E*ab or 1.72 △E*00. If  tighter calibration (linerization) is used with 
the 6 neutral color patches in the ColorChecker, this system can reach an average color 
differnce for 18 chromatic colors in the ColorChecker at  0.83 △E*ab or 0.42 △E*00 with 
maximun difference at 1.81 △E*ab or 0.65 △E*00. These provide a benchmark reference 
for this grating-type spectral system. It is within a similar range for the colorimetirc  
performance of the other spectral imaging systems.  
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ABSTRACT 
On the assumption that chromostereopsis is caused by chromatic aberration of the eyes, not 

only color but also the spectral power distribution (SPD) of observed light should affect 

the phenomenon. To confirm this, we displayed two color patches with different SPDs but 

the same chromaticity values on an LCD and compared their depth impressions. The SPD 

of the LCD’s backlight can be changed by selecting band-pass filters attached in front of 

the light source. One color patch had an SPD consisting of  a single peak at one 

wavelength, the other had one consisting of two peaks at different wavelengths. Evaluation 

results show that the former seems to be placed in front of the latter.   

1. INTRODUCTION 
Choromostereopsis has been well known for over a hundred years as a visual illusion 

in which color affects depth perception [Hartridge 1918; Howeard 1995]. For example a 

red patch next to a blue patch on a black background is often perceived as being in front of 

the blue one (Fig. 1). The wavelength of red light is longer than that of blue light. 

Therefore chromostereopsis is thought to be caused by a chromatic aberration of the eyes. 

There are two models for explaining chromostereosis; longitude chromatic aberration and 

transverse chromatic aberration. However, with the former, the effect of monocular 

stereoscopy is weak. In addition, it is 

difficult to explain by longitude 

chromatic aberration why a minority of 

observers perceive blue in front of red. 

For these reasons, transverse chromatic 

aberration is thought to be the major 

factor in chromostereopsis [Vos 1960; 

Kishto 1960; Sundet 1976; Faubert 1994] 

(Fig. 2). Recently, several models 

explaining chromostereopsis [Sundet 

1972; Ye et al. 1991; Kitaoka 2006] and 

Figure 1: Color chart for confirming effect of 
chromostereopsis. Each colored rectangle is 
the same size. 
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Figure 2: Transverse chromatic aberration model. 
Incident light ray (e.g. red and blue) is divided into 
two by refraction and transvers aberration occurs. 
This causes different apparent position of each color 
image.  
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methods for enhancing the stereoscopic effect [Steenblik 1987; Bailey et al. 1998; Ucke et 
al. 1998; Schemali et al. 2014] have been proposed.  

Most previous research has only dealt with monochromatic light, i.e. light whose 
spectral power distribution (SPD) consists of a peak with a small full width at half 
maximum (FWHM) at the center wavelength. Some researchers have evaluated the 
relationship between depth perception and the FWHM and have confirmed that the effect 
of chromostereopsis among different colors is reduced when the FWHM is increased, 
especially when SPDs of each color overlap [Tsuchida et al. 2014]. However, there are 
cases where the chromaticity value of a color is the same but its SPD is different. 
Discussions concerning colors whose SPD is broad or consists of several peaks at different 
wavelengths with small FWHM are necessary. According to the transverse chromatic 
aberration model, a color with an SPD consisting of several peaks at each center 
wavelength causes blur on the retina. This should make the depth perception of the color 
patch weaker than that of a color patch with an SPD consisting of a single peak with a 
small FWHM at the center wavelength when their chromaticity values are the same.  

To verifying this hypothesis, we compared depth perception of two color patches with 
different SPDs but the same chromaticity values. One color patch whose SPD consisted of 
a single peak at a wavelength was used as the target and its center wavelength was fixed. 
The other whose SPD consisted of two isolated peaks at different wavelengths was used as 
the reference, and the combinations of center wavelengths were changed. Target and 
reference color patches were displayed side by side on a liquid crystal display (LCD).  

2. EXPERIMENTS 

2.1 System Configuration 
Our experimental system consists of an LC panel with a red-green-blue filter array, two 

xenon lamp systems, a metal halide lamp and band-pass filters (Fig. 3). The xenon lamp 
systems and the metal halide lamp are used to backlight the LCD. A band-pass filter is 
attached in front of the lens of the light-guide optical fiber of the metal halide lamp. Light 
from the metal halide lamp is used as a 
target color. Each lamp system consists of a 
xenon lamp, an ND filter, and a filter turret 
on which eight filters can be attached. 
Brightness and the filter turret can be 
controlled by software on a computer Light 
from the two xenon lamp systems is 
combined by light-guide optical fibers. The 
combination of band-pass filters and 
brightness of light are adjusted to match the 
chromaticity value to a target color. The 
SPD of the reference color has two peaks at 
different wavelengths. Target and reference 
color patches were displayed side by side on 
the LCD. The distance between each color 
patch was 0.5 cm. Images of color patches 
were 10 cm in height and 2.5 cm in width. 

Figure 3: LCD system used in experiments. 
Interference filters are attached inside lamp 
housings. 

LCD panel Rod lens Xenon Lamps
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The distance between the LCD and 
observers was approximately 50 cm. The 
experiments were conducted in a dark 
room.  

The spectral locus on the chromaticity 
diagram between 520 and 630 nm is linear 
(see Fig. 4), and a target color can be 
synthesized by combining two lights 
whose center wavelengths are different. 
Then, these wavelengths were used for the 
experiments. Light that had passed 
through a band-pass filter whose center 
wavelength and FWHM were 570 and 30 nm, respectively, was chosen as a target color. 
To obtain enough brightness as target color, we chose a filter with relatively large FWHM. 
As a reference color, four combinations of light that had passed through the band-pass 
filter were chosen and their center wavelength were 520 and 610 nm, 530 and 630 nm, 540 
and 610 nm, and 550 and 600 nm (note that the FWHM of the 630 nm filter was 30 nm; 
that of the other filter was 10 nm). There were few overlaps between SPDs of the target 
color and the third and fourth combinations (540 and 610 nm, and 550 and 600 nm).  

2.2 Results and Discussion 
First, the brightness of each light from the lamps was adjusted to obtain the same 

chromaticity value between the target- and the reference color patches. Table 1 shows 
chromaticity values of each color patch, and their SPDs are shown in Fig. 5(a). Figure 5(b) 
is a chromaticity diagram plotting chromaticity values of each color patch. These results 
show that the same color with different 
SPDs were obtained. Note that we made 
one of the tristimulus values (CIE-Y) of 
each color the same to avoid the effect of 
difference in brightness.  

Next, we compared the apparent 
depths of the target and reference color 
patch. The combination of lights, whose 
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Figure 4: Chromaticity values of each color. 

Figure 5: (a) Spectral power distribution and (b) chromaticity value of each combination. 
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Table 1: Measured chromaticity values of target 
and reference color patches. 

570nm (target color)
520nm and 610nm
530nm and 630nm
540nm and 610nm
550nm and 600nm

CIE xyz
x y z u' v'

0.475 0.523 0.002 0.228 0.565
0.464 0.509 0.028 0.227 0.560
0.471 0.517 0.011 0.228 0.563
0.472 0.519 0.009 0.228 0.564
0.469 0.528 0.003 0.224 0.565

CIE u’v’
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center wavelengths were 520 and 610 nm, was used as the first reference color patch. In 
this case, the target color patch was perceived as located in front of the reference patch. 
The same result was also observed when center wavelengths of the reference color patch 
were 530 and 610 nm. However, the difference in the apparent depth between the target 
and reference color patches was reduced for the third and fourth reference color patches 
(540 and 610 nm, and 550 and 600 nm). Particulaly, the target and reference color patches 
seemed to be located at the same depth for the fourth reference color patch. These results 
infer that the apparent depths of target and reference color patches whose chromaticity 
values are same depends on variance of the SPD of each color patch. Table 2 shows 
standard deviations of each SPD.  

It can be said that the experiment described above is equal to that using an eight 
primary color display. The displayed color could be presented using either one primary or 
two primaries. When the chromaticity values of displayed color patches are the same, the 
SPD of the color presented by one primary is narrower than that of the one presented by 
two primaries. The number of primaries for presenting color, distance between center 
wavelengths of two primaries, and the FWHM of each primary’s SPD affect its apparent 
depth.  

4. CONCLUSIONS 
We experimentally showed that the spectral power distribution (SPD) of a displayed 

color affects depth perception. The SPD consisting of a single peak with a small full width 
at half maximum at a center wavelength was narrower than that consisting of two isolated 
peaks at each center wavelength. Even when chromaticity values of two displayed color 
patches were the same, the color patch with the narrower SPD seemed to be in front of the 
other patch. In cases where the SPD of each color overlapped, the effect caused by 
chromostereopsis was reduced or disappeard. We used eight monochtome colors between 
520 and 630 nm in the experiments. We will conduct experiments using other colors in 
near future.  
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ABSTRACT
t oor image  are a  rone to egra ation ca e   atmo eric cattering artic e  

an  e a ing met o  a e een ro o e  to minimi e t i  egra ation an  reco er t e origina  
scene contrast. Although several articles have reported the shortage of color fidelity in recovered 
cene  none o  t e e i ting met o  a  ee  a re e  t i  ro em rom a co or oint o  ie

e a e mo e  ic  e cri e  a e  cene  i  a non a e engt  a e  mo e  i  im ie  
t at e remain  nc ange  t ro g  e a ing  accor ing to t e e efinition o  t e e  co or ace  

i  act i  not re ent t e erce tion o  i imi aritie  et een origina  an  reco ere  co or   
e rocee e   itting  co or com onent  an  e a ating t e co or at ration an  e i t

n or er to e timate acc rate  t e ro ecti e co or i t  a com e  cene a  create  in i e 
a c o e  room it  a contro e  i minant  n i e o t oor cene  image  in a ogg  a  a im ate  
cene ro i e  man  a antage  i e t e o i i it  to re ro ce infinite  t e cene it  t e ame 

con ition  an  t e a ai a i it  o  t e origina  image
nce origina  at ration  an  e  an  t e reco ere  one  are ocate  in t e a e ate co or 

ace  t e co or i t rom origina  image i  t ie  a e  on t i  no e ge  e in e tigate t o 
met o  or correcting t e co or i t  t e fir t a roac  i  a e  on co or con tanc  rinci e  an  t e 
ot er one i  a e  on a con ergence mo e  o  co or tran arenc  ic  tract  t e tran arent fi ter 
covering a surface.

These transformations are directly dependent on the amount of covered fog and the initial 
a m tion  o  t e corre on ent e a ing met o  i  a tment i  a ie  a  a o t roce ing 
dehazing stage.

Since non ica  a e  met o  en arge t e i erence et een t e reco ere  an  t e origina  
co or  t e  are e c e  in t i  or  t o g  t e re i ienc  again t co or i t o  ica  a e  
method is discussed.
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ABSTRACT 
a  en ironmenta  con ition  i e a  eat er  c  a  og an  a e  an  mo e-filled 

monitored closed areas, cause a degradation and a loss in contrast and color information in 
images. Unlike outdoor scenes imaged in a foggy day, an indoor artificial hazy scene can e 
ac ire  in contro e  con ition  i e t e c ear image i  a a  a ai a e en t e mo e 
is dispersed. This can help to investigate models of haze and evaluate dehazing algorithms. 

 an arti icia  in oor cene a  et  in a c o e  area it  a mean to control the amount 
o  a e it in t i  cene. While a convergence model simulates correctly a small amount of 
haze, it fails to reproduce the same perceived hazy colors of the real image en a e en it  
is high. This difference ecome  o io  en the same dehazing method i  a ie  to ot  
images. Unlike simulated images, colors in real hazy images are resulted from environmental 
illuminants interference.   

1. INTRODUCTION 
t oor image  are a  rone to egra ation ca e   atmo eric cattering artic e  

Indoor images ca t re  an  an e   monitoring en or  co  e a  e  ect to co or 
an  contra t a eo t ca e   occa iona  mo e emi ion, causing security failure. Many 

e a ing met o  a e een ro o e  to minimi e this degradation and to recover original 
scene contrast [ , . Although several articles have reported the shortage of color fidelity 
in recovered scenes [   none o  t e e i ting met o  a  ee  a re e  t i  ro em 
rom a co or oint o  ie  In order to address t i  i e  e initiate  to depict color shift 
et een origina  c ear image and the dehazed one o  a im ate  cene a e  on con ergence 

model [3 . ecent  an arti icia  indoor hazy scene a  in ta e  to ee o  a rea  a  
cene co  e ait  re re ente   im ation  

The principal aim of this paper is to identify the limits that prevent a simulated hazy image 
orme   t e con ergence mo e  to re re ent t e ame ei e  o ect ace  at a con tant 
i tance i e c anging og en it  on ergence mo e  oe  not inc e the distance 
et een t e o ect and the camera and the effect of the fog that lies through the line of sight.  

e re t o  t i  a er i  organi e  a  o o  ter rie  intro cing e a ing an  co or 
convergence models and outlining the previous or  in ection  e e cri e in ection  
the experimental procedure of hazy images e ta i ment. Experimental results and 
discussion are given in section , and conclusions an  t re or s in ection . 

2. BACKGROUND AND PREVIOUS WORK 
2.1 Haze and convergence models 

ccor ing to m ra et al.  tran ation an  con ergence in   ea  to t e erce tion 
o  tran arenc  o or con tanc  re ea e  in re ence o  og can e mo e e   
con ergence mo e  i e ta ing into con i eration i t in co or an  contra t  i  a  
confirmed  asymmetric matching experiments. 
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2.1 Haze and convergence models 

ccor ing to m ra et al.  tran ation an  con ergence in   ea  to t e erce tion 
o  tran arenc  o or con tanc  re ea e  in re ence o  og can e mo e e   
con ergence mo e  i e ta ing into con i eration i t in co or an  contra t  i  a  
confirmed  asymmetric matching experiments. 

 

 

Koschmieder [8  e ta i e  a inear re ation i  et een t e minance re ecte   t e 
o ect an  t e minance reac ing t e o er er  i  inear re ation i  i  a e  on t e 
i tance et een t e o er er an  t e o ect   o c mie er tate  t e ro em o  

re toring tr e inten itie  an  co or  re ent  an n er ing am ig it  t at cannot e 
analytically solved unless cene e t  ata i  a ai a e  The scene dept  i  e i a ent to 
transmission. 

 Haze  and color transparency  are e i a ent  mo e e  

                   𝑏𝑏 𝛼𝛼 𝑎𝑎 𝛼𝛼𝑓𝑓  

 is the perceived intensity of the hazed image,  is the scene radiance of the original 
free-haze image and   i  t e irect tran mi ion  ic  re re ent  t e non cattere  ig t 
emanating rom t e o ect an  i  atten ate   t e cattering a ong t e ine o  ig t 
− ,  is the scattering coefficient and  is the cene e t . The airlight corresponds to an 

o ect at an in inite distance and it is called atmospheric light .  The airlight   
is the light coming from an illuminant i.e. n  an  cattere   t e atmo eric artic e  
to ar  t e camera  In the transparency model, 𝑎𝑎  represents the tristimulus values of a 

r ace  a con ergence a ication ea  to ne  tri tim  a e  𝑏𝑏 . 𝑓𝑓  is the target of 
convergence. 𝛼𝛼 re re ent  t e amo nt o  og co ering t e r ace  ig t t at reac e  t e e e 
from the surface is the sum of the original light emanating from the surface and the light that 
depends on the chromatic properties of the fog. 

2.2 Previous work 
e a ing aim  at t e in er ion o  a e mo e  t e a tomatic e a ation o  arameter  

influences co or reco ering  n or er to a i  t i  e initiate  re io  or   t ying 
o  e a ing met o  ai  to recover accurately original colors of simulated hazy scene. In 

the re io  or    e ro o e  a im ation o  a e a e  on t e con ergence mo e  
olor shift e a ation a  one using this model. Unlike haze model, the transmission of 

t e r ace e en  on  on t e amo nt o  co ering og  ic  i  a transparent filter, and it 
oe  not e en  on t e i tance et een the surface and the camera. We assumed that the 

effect of this distance i  e i a ent to 𝛼𝛼  en a a increa e , this gives the same 
impression as the distance increases through the haze. According to the convergence model, 
the simulation consists on em e ing a e in   image o  retag ac et  

o or ec er  e a ie  t e ame mo e  to  image in order to perform a cross 
a i ation it  t o i erent ace  a i   e e a ing met o  ar  anne  Prior 

P   a  a ie  to reco er origina  image   e rea i e   con erting co or to 
IPT color space  an   , that this method oo t  t e co or at ration it o t 
altering hue of highly chromatic colors. 

3. EXPERIMENTAL SETUP  
In order to provide ta e a ic conditions that simplify the evaluation of dehazing processes, 

e rocee e   creating controlled in oor a  cene  i  cene a  set up in a closed 
room it  a arge in o  t at a o  a homogenous sunlight to get in, in order to avoid 
directionality of artificial light  t t e ac  of the ca i rate  scene, the farthest point to the 
camera i on   m  ere t e co ering air ig t i  con i ere  to a e t e ma imal 

a e  e ace  a retag ac et  o or ec er  an  e c ange  consecutively the amount 
of emitted haze. The smoke mac ine S   a  e  for haze emission, and the 
different levels of haze  e ac ating rogre i e  t e emitte  a e. We used also the 
Konica Minolta S-  spectroradiometer for transmittance measurements of the haze. 
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The spectra of Fig re  depict the transmittance o  t e ite atc  o  eac  a e level. When 
the haze veil dominates t e image  e can ea i  notice that transmittance curves represent 
t e ig t cattere   a e artic e  a ing to it t e a ig t re ecte   t e atc . The 
manner o  t e tran mi ion inten it  e o e  t ro g  a e e e  e can notice t at t e 
luminance of haze density is exponentially evolving. rom e e   the transmittance intensity 
ecome  to reac  ac  an  to e closer again to the transmittance spectrum of the clear 

image. This leads to deduce that the airlight ca e  t e atmo ere to e a e i e a secondary 
light source of a different type t an t e o t oor g o a  i mination  

According to the definition of convergence model parameters, 𝑏𝑏 is the image that is covered 
 a gi en e e  o  a e  𝑎𝑎 i  t e c ear image  ic  i  con i ere  to e t e one ca t re  

it o t em e ing haze. 𝑓𝑓 re re ent  t e tri tim  a e o  t e ca t re  target en it i  
co ere   an o a e a e ei  ina  𝛼𝛼 i  ca c ate   in erting t e con ergence mo e  
and choosing the value corre on ing to t e ac  atc  e a me that the darkest patch 
does not reflect the daylight, and that the airlight over this patch is only due to the haze veil. 

e camera noi e i  remo e   tracting t e tri tim  a e  o  t e ac  atc  in c ear 
image rom t e a e  o  t e ame atc  co ere   i erent a e e e  i mino  ei  
em e e  in im ate  image  ere 𝛼𝛼 i  con tant  i  nnat ra  an  it cannot e re re ente  

 c  ica  ei   

 
Figure  – r ata a e  The images of the retag ac et  o or ec er ta en n er i erent a e levels. 

rom e t to rig t  e e   e e   e e   e e   e e   e e   e e   e e   e e   ear 
image. 

  
Figure  – Transmission curves o  t e ite atc  at i erent haze density levels. We notice that the short 

a e engt  o ercome t e ca i ration  ccor ing to a eig  cattering , t e trong a e engt  
e en ence o  t e cattering 𝜆𝜆−4  mean  t at orter e  a e engt  are cattere  more trong  t an 

onger re  a e engt  
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4. DISCUSSION 
Haze that ie  et een t e camera an  t e o or ec er target mo i ie  t e ig t t at 
emanates from it and reaches the camera. The light reflected from the target is added to the 
ig t cattere   t e inter ening artic e  When the haze density greatly increases and the 
cattere  ig t o ercome  t e ig t re ecte  y the target, the perceived colors components, 

hue and saturation, shift from their original values. i  i  c ear  o n in Fig re  ere 
t e im ation ccee  to re re ent t e rea  cene o  e e   it  a itt e at ration 
difference related to the clear ac  atc  an  ai  or e e   e erring to ig re  t e 
i tri tion  o  oint  re re enting t e re  atch from le e   to e e   c ange et een a  

an   i e ot er oint  ee  t e ame relative place et een t e en  oint  re  an  
ite  it  a itt e i t in at ration a  o n in ig re  or Scene e e   an  Simulated 

e e   

 it i  e ine  a o e  t e direct transmission is the light that reaches t e camera it o t 
eing cattere   t e e o  t i  ig t i  a me  to e in e en ent o  t e re ecte  

surface depth. e e o  air ig t e en  on t e artic e i e i tri tion an  ten  to e 
gray or ig t e in t e ca e o  a e an  og  ccor ing to ig re , en t e a e ei  
ecome  great, the points placed on the chromaticity diagram of the patches, deviate from 

t e ine in ing t e a e ei  co or ite oint  to the original unveile  co or re  oint , 
an  t e  are ia e  to ar  e green area. Some points are also located outside the area 
et een t e re  an  ite oints. The deviation rate depends on the patch color, the airlight 

and the sunlight interference. When the amount of deviation in simulated scenes is smaller, 
all points representing a given patch at i erent a e e e  remain et een t e re  an  

ite oint  

en P i  a ie  to Scene e e   ig re  it accent ate  t e ei e  co or   
enhancing saturation. The recovered colors are totally different from those recovered from 
t e Sim ate  e e   ere t e target an  t e ei  are colorimetrically independent.  

 

 
 Figure 3 – e ir t ine re re ent  t o i ferent levels of scene images and the corresponding simulated 
images. e econ  ine re re ent  t e reco ere  image   P of the first line images. From left to right 

ir t ine  Scene e e   – Sim ate  e e   – Scene e e   – Sim ate  e e  . P ai  to reco er 
acc rate  t e ame co or  or ot  image  o  e e   ere a e en it  i  ig . Unlike the simulated scene, 
irradiance undergo illuminants interference and scattering effects. 

T i  or  con irm  t e re io  conc ion  con i ering t at P saturates recovered 
co or  n  t e a  it e timate  t e air ig t an  t e tran mi ion oe  not ena e  it to ta e 
into consideration the interference of different illuminants. As the retrieval of these 
parameters is limited to the pixels’ intensities estimation, its mission remains limited to  
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saturation enhancement, and original hues are not acc rate  reco ere  ig re  On the 
ot er i e  en t e density of haze is small and the original hue is not altered, a simple 
a tment a e  on con ergence mo e  co  rein tate origina  at ration   

 

 
Figure  – The chromaticities of different haze levels placed on the chromaticity diagram of the red patch  a  

ea  Scene   Simulated Scene. e  c ear image – ite  e e   – e o  e e   – magenta  e e   – 
ac  e e   - gra  e e   – pink  e e   – green  e e   – ar  green  e e   – e  e e  . The 

i tri tion  o  oint  re re enting t e re  at  rom e e   to e e   are i erent et een a  an , i e 
ot er oint  ee  t e ame re ati e ace et een t e en  oint  re  an  ite  it  a itt e i t in 

saturation. 

5. CONCLUSIONS AND FUTURE WORKS 
n t i  artic e e t  t e imi aritie  et een a im ate  a  image create   a 

convergence model and a real hazy scene. Physical luminous interaction modifies the 
ercei e  cene  i e co or  in t e im ate  image maintain t eir hue information and only 

their saturation component i t  et een t e origina  co or at rate  an  t e a e co or 
n at rate  on ergence mo e  ai  to tan  or a  image en t e en it  o  a e 

ecome  con i era  ig . e a ing met o  i e P  aim t to remo e t e co ere  
veil and to recover the color as it is not completely hidden  it o t ta ing into con i eration 
the interaction of different phenomenon. Thus, a pre-processing aiming to a t e co or, 
and a post- roce ing a e  on con ergence mo e  or at ration a tment   

t re or s shall focus on the validation of the color correction on dehazed images. We 
intend also to investigate the o i i it  to e ten  color- a e  image e a ing met o  to 
multispectral- a e  image  a i rate  a  images ata a e o  evidently considered as 
a enc mar ing too  of colorimetric issues that are related to dehazing methods.  
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ABSTRACT
n m ti ectra  imaging fie  t ree t e  o  ectra  camera  are common  e   a ine

canning er ectra  camera   a fi ter a e  m ti ectra  camera an   a tric omatic camera 
it  no n rinci a  com onent  o  t e ectra  re ectance  ac  o  t em a  it  o n ro  an  con  
e ine canning er ectra  camera i  time con ming in it  ectra  image ac i ition  erea  

t e i ter a e  m ti ectra  camera cannot ro i e acc rate er ectra  ata it  it  imite  
an  e tric omatic camera cannot re ict t e ectra  ata in ig  reci ion en t e rinci a  

com onent  are n no n
In digital archiving, hyperspectral data is useful for image restoration. In this study, a filter-

a e   an  m ti ectra  camera i  e  to e tent it  ata rom  an  to  an  it in i a  
ectra  e camera ro i e  ncorrecte  ac romatic image or eac  fi ter an  ere ore  e a e 

to rite o t are to im ro e t e acc rac  o  ectra  e timation  e correcte  it  ig ting ni ormit  
e timate  m ti ectra  tone re on e  ing a n  or er regre ion  not on  ac romatic am e  

t a o co or am e  rom a o or ec er c art  inter o ate  it  ectra  ata to nm inter a  ing 
c ic inter o ation an  com ine  t e re t  n er o r i erent ig t o rce  e ma im m co or 
error  great  re ce  rom  to  e ta  P  a e  met o  a o ere te te  e ma im m 
co or error a  rt er ecrea e  to  e ta

n t e ot er an  t e ectra  fi ter  o  t e camera are itc a e  o e er  i  e itc  t e 
fi ter  t e ectra  image  ca t re  rom i erent fi ter et  cannot a ign eac  ot er acc rate   Sca e 
n ariant eat re ran orm S  t ere ore i  a ie  to a ign t e ectra  image  atia  t o  
ti  re ce t e ar ne  an  in ome ca e in o e co or a ia ing o  t e image   a e et a e  image 

ion met o  t ere ore can e e  to ta e ectra  re o tion rom on  one fi ter et an  t en to ta e 
o  re o tion ectra  in ormation rom a  fi ter et

ore re t  i  e re orte  in t e  a er
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ABSTRACT 

In this study, a filter- a e  multispectral camera is used to extent its data from  an  to 
 an  it in i a  ectra  e camera ro i e  ncorrecte  achromatic image for 

each filter- an  We corrected its lighting uniformity, estimated multispectral tone 
responses using a polynomial regre ion  not on  achromatic am e  t a o co or 
am e  rom a o or ec er c art  interpolate it  ectra  ata to nm inter a  ing 

c ic inter o ation. The maximum color errors greatly re ce  rom  to  'E  P  
a e  method a o ere te te  e ma im m co or error a  rt er ecrea e  to  'E. 

On the other hand, the spectral i ter  o  t e camera are itc a e  o e er  i  e 
itc  t e i ters, the spectral images captured from different filter sets cannot align each 

other accurately.  e rring roce  an  a Scale Invariant Feature Transform S  
therefore are applied to align the -frame of a spectral image spatially.  

1. INTRODUCTION 

n m ti ectra  imaging ie  t ree t e  o  ectra  camera  are common  e   a 
line-scanning hyper-spectral camera ra n and e a i    a i ter- a e  
multispectral camera i   an   a tric omatic camera it  no n principal 
components of the spectral reflectances mai an  ern  . Eac  o  t em a  it  o n 
pros and cons. The line-scanning hyperspectral camera is time-consuming in its spectral 
image ac i ition  erea  t e i ter- a e  multispectral camera cannot provide accurate 

er ectra  ata it  it  imite  an  e tric omatic camera cannot re ict t e 
spectral data in high precision en t e principal components of surface reflectances are 
n no n   

In digital archiving, hyperspectral data is useful for image restoration. In this study, a 
filter- a e   an  multispectral camera a  e  to e tent it  ata rom  an  to  
an  it in visual spectra. The spectral i ter  o  t e camera are itc a e  The spectral 

acc rac  can e en ance   using t o et  o  narro an  i ter   a e an  for 
image ac i ition. The camera provides uncorrected achromatic image for each filter-
an  ere ore  e a e to rite o t are to improve the accuracy of spectral estimation. 

On the other hand, the filter- a e  camera ena e  o  ca t ring eac  rame  to   
o e er  t e a t mo ing o  t e co or ee  re t  in minor motion r  n a ition, if 
e change the spectral filter set manually, the spectral images captured from different 

filter sets cannot align each other accurately. The resulted spectral images i  suffer from 
rring or ghosting. Spectral correction and image alignment there ore are t e t o 

challenged issues for the post processing of spectral images. 
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responses using a polynomial regre ion  not on  achromatic am e  t a o co or 
am e  rom a o or ec er c art  interpolate it  ectra  ata to nm inter a  ing 

c ic inter o ation. The maximum color errors greatly re ce  rom  to  'E  P  
a e  method a o ere te te  e ma im m co or error a  rt er ecrea e  to  'E. 

On the other hand, the spectral i ter  o  t e camera are itc a e  o e er  i  e 
itc  t e i ters, the spectral images captured from different filter sets cannot align each 

other accurately.  e rring roce  an  a Scale Invariant Feature Transform S  
therefore are applied to align the -frame of a spectral image spatially.  

1. INTRODUCTION 

n m ti ectra  imaging ie  t ree t e  o  ectra  camera  are common  e   a 
line-scanning hyper-spectral camera ra n and e a i    a i ter- a e  
multispectral camera i   an   a tric omatic camera it  no n principal 
components of the spectral reflectances mai an  ern  . Eac  o  t em a  it  o n 
pros and cons. The line-scanning hyperspectral camera is time-consuming in its spectral 
image ac i ition  erea  t e i ter- a e  multispectral camera cannot provide accurate 

er ectra  ata it  it  imite  an  e tric omatic camera cannot re ict t e 
spectral data in high precision en t e principal components of surface reflectances are 
n no n   

In digital archiving, hyperspectral data is useful for image restoration. In this study, a 
filter- a e   an  multispectral camera a  e  to e tent it  ata rom  an  to  
an  it in visual spectra. The spectral i ter  o  t e camera are itc a e  The spectral 

acc rac  can e en ance   using t o et  o  narro an  i ter   a e an  for 
image ac i ition. The camera provides uncorrected achromatic image for each filter-
an  ere ore  e a e to rite o t are to improve the accuracy of spectral estimation. 

On the other hand, the filter- a e  camera ena e  o  ca t ring eac  rame  to   
o e er  t e a t mo ing o  t e co or ee  re t  in minor motion r  n a ition, if 
e change the spectral filter set manually, the spectral images captured from different 

filter sets cannot align each other accurately. The resulted spectral images i  suffer from 
rring or ghosting. Spectral correction and image alignment there ore are t e t o 

challenged issues for the post processing of spectral images. 

 

 

2. APPARATUS 

The spectral camera used in this t  a  Pi e te  S ectro am S- . It contains a 
i ter ee  o ing  ea i  c angea e i ter egment  igita  rogre i e can  
cienti ic imager an  o erating in i i e  ear n rare  S  range. In this study, 

t o e t o et  o  ectra  i ter  one et tart  rom nm to nm in  nm inter a . 
e ot er et tart  rom nm to nm in  nm  e an i th of each spectral filter 

i  a o t nm  ig re  o  t e ectra  tran mittance  o  t e  S i ter  mea re  
 a ectro otometer  e image ormat o  t e ectra  image i  it P  i e in 
u  re o tion   mea rement ere one n er a -rite Sectra ig t  ig t 

oot  i  ectra  camera can e a t o e or n e  o e  e atter a o  t e er 
to set exposure time and gain for each channel. To achieve t e e t image a it  e et 
the exposure time and the gain value solely for each channel. The criteria of the 
ad tment i  to et e o re time ir t to meet  gra  e e  or o   ite atc  on a 

-rite o or ec er chart   t e e o re time i   to it  imit  a t gain a e to i  
the criteria. 
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Figure 1: Spectral transmittances of 16 VIS filters. 

3. SPECTRAL CORRECTION 

-rite o or ec er a  e  to o timize the accuracy of reflectance reconstruction. The 
ectra  re ectance  o   atc e  on o or ec er ere mea re   ata o or S  

in its specularly excluding mode. Four commonly used light sources, A,  i tere  
a ogen   an    ere te te  n  e o n   o  e t re t  on 

reflectance reconstruction a  it ro i e  moot  o er ectra an  more energ  at ort 
a e engt . e o o ing te t t ere ore a  carrie  o t n er  ig t o rce  The 
ectra  acc rac  i  ge   ca c ating S  root-mean- are  error  and color color 

i erence  'E  n er t e o r i mant  e mea re  an  a ro imate ectra  
re actance  ere com are  in nm to nm range it  nm inter a  e o o ing 
step  ere ta en to o timi e t e accuracy. 

2.1 Tone Correction 

 e recon tr ct t e ectra  re ectance  o  o or ec er irect  ing t e  an  
ectra  image  it  neare t oint inter o ation  the mean and maximum color differences 

across t e o r ig t o rce  are  an   'E respectively. If only normalizes the 
ata a e  on t e re ectance o  ite atc  t e ma im m error can e re ce  to  
'  e error  can e great  re ce   ac  an  ite e a i ation o n a  ig re  
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ere t e mean an  ma im m errors are  an  'E respectively. The maximum 
error  can e rt er re ce  to   tone correction ing ir t-order linear regression 
a e  on t e gra ca e o  to o  or eac  c anne  individually. 

 
Figure 2: Spectral reconstruction of ColorChecker using black and white patches for tone 

correction. Solid lines: measurement. Dotted lines: approximation. 

 

Table 1. Summary of the results from the experiment. 

        mean maximum 

an  tone interpolate uniform A    MSE 
-  A    MSE 

-  

 

no nearest no                     

ite nearest no                     

ac   ite nearest no                     

gra ca e t  nearest no                     

gra ca e t  linear no                     

gra ca e t  c ic no                     

gra ca e t  c ic yes                     

co or t  c ic yes         1.18          3.14  

co or n  c ic yes                     

P  n      - yes                     

P  n      - yes                     

P  n      - yes         0.27          1.00  

8 co or t  c ic yes                     

2.2 Spectral Interpolation and Uniformity Correction 

om are  t e co or i erence  o  t ree ectra  inter o ation met o  – nearest, linear 
an  c ic inter o ation  t e re t  a e not igni icant i erence  o e er  i  e oo  
at t e S  ot  inear an  c ic inter o ation  can re ce t e ma im m a e  to 
near  a a  o or ec er i  a ig co or target  t on’t rece ie e a  i minance acro  
each patches. An spectral image o  -rite ite acing c art t ere ore a  ta en in t e 
same environment or e a i ing t e atia  ni ormit  o  ectra  ata  After the 

ni ormit  correction  t e ma im m S  re c e rom e-  to e-  ere t e 
mean and maximum color differences are  an   'E respectively. e e t re t  

e can achieve ing a  an  ectra  image a  a ing ir t or er regre ion not on  
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rom t e gra ca e t a o rom a   co or atc e  in t e ectra  tone correction  e 
mean and maximum color differences are  an   'E respectively, and the 
a ro imate ectra are o n in ig re  o e er  i  -nd order polynomial regression 
i  a ie  t e ma im m error increa e  e rea on co  e t at t e characteristic curve 
of the  i  a mo t linear to luminance, a non-linear tone correction is not necessary and 
the regression might overestimate the tone characteristics. If only 8 spectral filters are 
used, the mean and maximum color differences ing t e t or er co or regre ion are 

 an   'E respectively. 

 
Figure 3: Spectral reconstruction of ColorChecker using color regression and uniformity 

correction. Solid lines: measurement. Dotted lines: approximation. 

2.3 PCA-based Approach 

mai an  ern   ro o e  a pectral estimation method for a trichomatic camera 
it  no n principal components of the spectral reflectances.  ecrtra  camera can e 

regarded as a multi-c anne  co or camera an  t e re t  o  ectra  e timation o  e 
more acc racte  e te te  t e met o  ing   an   narro an  i ter  an  t e re t  

o  t at ot   an   i ter  can recon tr ct t e ectra  re ectance  acc rate  en 
more t an  a i  nction  are e  o e er  it t e i ter  on’t co er t e o e ectra  
range or t e n m er o  a is functions is not enough, the results on’t e acce ta e  As 
t e P - a e  a roac  on  or  en t e P  ectra o  t e target o ect  are no n  
it isn’t recommended for normal spectral inspection. 

 

3. DEBLURRING AND SUB-FRAME ALIGNMENT 

As mentioned previously, the i ration o  t e co or ee  mig t ca e image r and the 
man a  tic ing o  i erent i ter et an  ig t mo ing o  t e target o ect mig t a o 
re t in rring an  e en g o ting. o im ro e t e ectra  image a it   e rring 
proce  o  e a ie  to eac  ectra  rame an  an image a ignment roce  m t e 
done to generate a ghost-free and clear spectral image. n term  o  e rring  t ere are 
many methods such as Wiener filter on a e  an  Woods   can e e .  

n term  o  -frame alignment, a Scale Invariant Feature Transform S  o e, 
 therefore is applied to align the spectral images spatially.  e t e t o ectra  an  

to match the SIFT key- oint  on  e  o  t em can e o n  a  ig re a  t i  not  
sufficient for geometry tran orm o  t e t o image  o e er  i  e c oo e a acent 

a e an s for matching, many SIFT key-points can e found. nce e o n  eno g  
correspondent key-points, after removing unusual moving vectors, a    transform 
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matri  can e derived to pro ect one -frame to the other. o o timi e t e image a it  
t e -frame near  nm o  not e c ange  atia   

 

(a)   (b)  
Figure 4: The results of SIFT key-points correspondence – (a) inconsecutive 

wavebands and (b) successive wavebands. 

 

(a)     (b)     

Figure 5: The results of deblurring and sub-frame alignment – (a) uncorrected and (b) 
uncorrected. 

4. CONCLUSIONS 

In this study, a filter- a e  multispectral camera is used to extent its data from  an  to 
 an  it in i a  ectra  e camera ro i e  ncorrecte  achromatic image for 

each filter- an  We corrected its lighting uniformity, estimated multispectral tone 
responses using a polynomial regre ion  not on  achromatic am e  t a o co or 
am e  rom a o or ec er c art  interpolate it  ectra  ata to nm inter a  ing 

c ic inter o ation. The maximum color errors greatly re ce  rom  to  'E  P  
a e  method a o ere te te  e ma im m co or error a  rt er ecrea e  to  'E. 

On the other hand, the spectral i ter  o  t e camera are itc a e  o e er  i  e 
itc  t e i ters, the spectral images captured from different filter sets cannot align each 

other accurately.  e rring roce  an  a Scale Invariant Feature Transform S  
therefore are applied to align the -frame of a spectral image spatially.  
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Premium sponsor

BYK-Gardner GmbH 
BYK-Gardner
BYK-Gardner is part of the BYK Additives and Instruments 
Division of Altana AG, a worldwide leader in the additives, special 
coatings and adhesives, effect pigments, sealants and testing 
instruments. 
Innovation and Customer Focus - hand in hand 
BYK-Gardner provides QC system solutions to those industries 
where color, appearance and physical properties add important 
value to their products. Innovative developments are the essential 
prerequisites to meet current and future needs of our customers. 
New technologies such as LED light sources or camera detection 
are the key to ensure not only accurate and reliable results in 
the most efficient way, but also a continuous improvement in 
correlation to the visual perception.  
New products and application oriented solutions are the result of 
customer focus and partnership with our customers on a global 
basis. Therefore, BYK-Gardner is represented with subsidiaries and 
distributors in over 100 countries and regions. 
Quality is our business 
Our instruments are manufactured and controlled according to 
international standards ISO 9001, ISO/IEC 17025, ISO 50001, ISO 
14001 guidelines and procedures.
Brand new manufacturing facilities, state-of-the-art production and 
advanced calibration equipment – all this makes BYK-Gardner 
products rank among the best in the market. 
BYK-Gardner sets standards in color and appearance control.

AIC 2015 Sponsors

Konica Minolta Inc.
Sensing Business Unit of Konica Minolta Inc. provides light and 
color measuring instruments based on the company’s core optical 
tec no og  to e er  corner o  t e or   a ioneer in t i  fi e  
we developed the first light meter used on board a spacecraft in 
1968 (Apollo 8) and the world’s first portable spectrophotometer 
in 1982. Our products have recently become a staple in research 
and manufacturing environments, helping our partners to be 
innovative and successful in making breakthroughs with the least 
waste of time and effort by improving and assuring the quality of 
their products. This commitment to creating value for customers 
is the shared passion and the core principle behind the Konica 
Minolta brand. Color management is essential in almost all areas 
of manufacturing, including automotive, paint, plastic, chemicals, 
textiles, construction materials, medicine, cosmetics, and food. Our 
color control techniques are instrumental in measuring subtle color 
differences that human eyes cannot distinguish accurately. Konica 
Minolta’s spectrophotometers and colorimeters are therefore widely 
utilized at quality control and R&D. We promise to do our best to 
contribute to the success of our customers by providing not only 
the state-of-the-art products, but the high level of customer-centric 
technical support and services worldwide.
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Gold sponsor

EBA Japan Co.,Ltd.
EBA Japan CO.,LTD. treats spectral imaging technologies.
Our technologies clear and propose the path for your innovative 
future.
They can get spectroscopic information not for one pixel but for all 
pixels quickly. 
Using the spectroscopic information map, you can convert colors 
to every color space coordinates and evaluate them in 3 dimensions 
(horizontal, vertical, spectral).
The spectral color imaging system is helpful in “Various display 
evaluations”, “Color rendering evaluation”, “Color evaluation of 
cultural assets” or “Evaluation of light source”.
We hope that “EBA Japan Imaging” will help you with your 
research and offer the hints for your future prosperities.

FUJIFILM Holdings Corporation
Fujifilm Group is transcending its conventional business fields 
of “Imaging and Information” to transform into a company that 
contributes to the development of culture, science, technology and 
industry, as well as improving health and environmental protection 
across society. To help enhance the quality of life toward realizing 
a society in which people enjoy spiritual and material wealth, we 
will strive to realize our corporate philosophy through the three 
business fields of Imaging Solutions, Information Solutions and 
Document Solutions.

Suga Test Instruments Co.,Ltd.
SUGA Test Instruments Co., Ltd. is a manufacturing company 
specialized in optical property measuring instruments.
Since 1959, SUGA Test Instruments, has developed Colour Meters 
and thereafter other unique color property, and accumulated rich 
experiences supporting gl-obal partners in improving and assuring 
the quality of partners' products.
SUGA Test Instruments, manufacturers, sells and provides 
services globally, portable and desk top, world-class colour meters, 
spectrometers, and unique & bench top gloss meters, haze meters 
and image clarity meters.
These colour appearance analyzers allow one to access and control 
the colour appearance properties of products and materials.
SUGA-only is a brand that you can rely and depend upon to solve 
all your colour appearance needs.
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Silver sponsor

DIC Corporation / DIC Graphics Corporation
 i  a fine c emica  com an  it  a to  are in rinting in  

organic pigments and PPS compounds in the global market.
DIC provides a broad range of products that respond to the needs 
of society and its customers, and works to bring people “Color & 
Comfort by Chemistry.”

Japan Paint Manufacturers Association
The Japan Paint Manufacturers Association (JPMA) was 
established in April 1948 as a voluntary organization of paint 
manufacturers industry. JPMA consists of about 258 members: 
Regular Members who are leading paint manufacturers in Japan, 
plus Supporting Members who are engaged in paint-related 
industries.

Murakami Color Research Laboratory

NIPPON DENSHOKU INDUSTRIES CO.,LTD.
NIPPON DENSHOKU INDUSTRIES CO.,LTD., is specialist for 
color measuring instruments.
It’s been half a century since we have started to support the color 
management and will broaden our view and contribute to color 
business society.

OPTIS Japan
Since 1989, OPTIS has led the way in light simulation software. 
Our unique physics based simulation tools deliver the most 
accurate representation of optical and lighting systems and are fully 
integrated into the world leading CAD platforms. OPTIS solutions 
can also help you understand how color and spectrum work in your 
products and systems.

Spectral Application Research Lab. Inc. 
Spectral Application Research Laboratory Inc. (SARLI) supplies 
a Spectral Imaging System (all own designs) which is able to 
examine the mixed state of natural and artificial materials more 
deeply. Our system consists of camera and drive device on sample 
side, and also a dedicated software application is built-in.

Systems Engineering Inc.
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Topcon Technohouse Corporation 
Topcon Technohouse Corporation provides various types of 
light and color measuring instruments and contributes to the 
development of many industries.
Our Luminance colorimeter BM series, Spectroradiometer  
SR-3/UL series, and Illuminance meter IM series have been used 
as standard in various industry fields such as Flat panel display, 
Illumination, and Automotive.

Basic sponsor 
Canon Inc.
Canon specializes in an extensive range of imaging products such 
as digital cameras, printers, office multifunction devices, and 
others for consumers, businesses, and professionals. With years 
of expertise in image-processing technologies, Canon creates 
ig a it  nifie  co or oo  o i e e en or in t an  o t t 

devices with differing color reproduction ranges.

Integra Inc. 
Primary businesses of Integra Inc. are development, marketing 
and sale of computer software products and related services for 
engineering.
Main products of the company are software packages, Hybrid 
Light Simulation Software, lumicept for optical and illumination 
simulation where accuracy and speed to simulate propagation of 
light has the essential importance.

KLV. CO., Ltd 
KLV is known as one of the top makers of light sources, optical 
parts, and optical products. We have contributed to the development 
o  o tica  tec no og  in man  fie  inc ing me ica  io ogica  
agricultural, environmental, and food sciences for the past 30 years 
in Japan.

SERIC Ltd. 
We are a manufacturer of artificial solar light, branded SOLAX 
for color evaluation. We have many sales result to deliver our 
products for our customers, who are car manufacturers, paint 
companies, digital camera makers, cosmetic companies, and so. We 
recommend our product for color management as the professional 
sunlight maker.

Coffee Break sponsor
OFFICE COLOR SCIENCE Co., Ltd
Office Color Science Co., Ltd is specialized in computer system 
relating to color science. We have mainly developed Computer 
Color Matching (CCM) system and Color Quality Control system 
for Metallic and Pearlescent color. We pursue the possibility of 
color application and create value through our technology to enrich 
color design of industrial products.

Special Manufacturer of Sunlight
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