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ABSTRACT 

 
The research work here is a continuation of Part 1 of this series of this study1. In the earlier 

experiment, the colour difference assessments were carried out on a CRT to simulate those of the 
physical metallic samples. The results showed a good agreement between the two expeimental data 
sets. However, that work was based on the CRT solid colour without any texture information, which 
contribute large part of total appearance for metallic coatings. The current work applied CRT colours 
with the simulated texture details. It was found that the total appearance difference increases when 
texture difference are introduced into colour difference. Some advanced colour difference formulae 
were also tested using the present data sets. 

 
 
1. INTRODUCTION 

 
Colour difference evaluation for automobile coatings using solid, non-textured, colours 

duisplayed on a CRT was investigated in the first part of series of studies1. Their visual assessments 
were compared with those based on physical metallic samples by Chou et al2. A good agreement 
between the colour difference assessments on CRT solid colours and physical samples was found. 
This confirms that using CRT for simulating colour difference 
evaluation for metallic coatings is feasible. However, it is 
known that the perceived colour difference of metallic samples 
could also be affected by its texture. Thus, this study 
investigated the effect of texture for automobile coatings when 
colour difference was assessed. Again, colour difference 
assessments for metallic coatings with textured colours were 
carried out on a CRT. The visual results were compared with 
the data obtained from the first part of this article so as to 
discover the texture affecting the total appearance difference of 
metallic coatings. In addition, the performance of some 
existing colour difference formulae (CIELAB, CMC, CIE94, 
BFD, LCD and CIEDE2000) were also tested using the visual 
data accumulated in this study. 

 
2. GENERATING TEXTURED CRT STIMULI 

 
The texture effect for a metallic coating can also be 

considered as ‘coarseness’. A metallic panel can be described 
as “fine” or “coarse”. A finer texture of a metallic panel, a less 
coarseness degree it is. The texture patterns used here were 
based upon two grey physical metallic panels with quite 
different degree of coarseness (these are denoted as “fine” and 
“coarse” texture reference in this study). These panels were 
captured by a Nikon D1X camera under 45/0o viewing 
condition with an high level luminance of diffusive 
illumination. Figure 1 shows the texture characteristics of the 

Figure 1: The histograms of (a) ‘fine’ 
and (b) ‘coarse’ textures. 

(a) 

(b) 
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two grey metallic panels in Y (luminance factor) channel. The standard deviation of pixel values for 
the “coarse” texture in Y channel were 4.12 and 8.85 for “fine” and “coarse” texture references, 
respectively. This indicates that the spread of the “coarse” texture is twice wider than that of the 
“fine” texture. The “fine” and “coarse” textures were then extracted from the Y channel of the two 
metallic grey samples, respectively. The extracted textures were then mapped onto each CRT colour 
by means of the texture mapping algorithm developed by Hong et al3. In other words, the texture 
effect of all metallic panels was simulated based on only the images of the ‘fine’ and ‘coarse’ panels. 

 
3. VISUAL ASSESSMENT 

 
Colour differences of the fifty pairs of metallic samples used in the previous study1 and Chou 

et al2 were reproduced on a Barco Reference Calibrator. Only the data under the 45o aspecular angle 
were used because this angle shows the texture information most clearly and also this is the geometry 
recommended by CIE for assessing colour appaearance. The whole experiment was divided into five 
phases according to the textures applied in each pair. These are summarised in Table 1. Phase 5 was 
the visual results of CRT solid colours accumulated in the first part of this article1. 

 
Table 1 Summary of experimental phases for each pair. 

Phases Coarseness degree on two samples in a 
pair 

1 Fine vs. Fine 
2  Coarse vs. Coarse 
3 Fine vs. Coarse 
4 Fine vs. Coarse * 
5 Non-textured solid colours  

 
Note : * The positions of the “Fine” and “Coarse” samples in Phase 4 are interchanged with those in 

Phase 3. This was intended to investigate the uniformity of the display used. 
 
The perceived colour difference of each metallic pair with different phases shown on CRT 

was scaled by observers using the same grey scale method as used in the first part of this article. The 
experimental conditions and the method of data analysis were also the same as in Part I1 apart from 
the inclusion of texture information in sample pairs in this experiment. The relationship between 
grades and colour differences is given in Eq.(1). 

 
178.26041.163382.59525.00634.0 234 +−+−=∆ GGGGV  (1) 

 
The equation was obtained to fit the data of grade values and CIEL*a*b* values of the grey 

scale used. The ∆V in Eq.(1) is in CIELAB* unit. 
 

4. RESULTS AND DISCUSSIONS  
 

4.1 OBSERVER ACCURACY AND REPEATABILITY 
Majority of the nine observers in this experiment also attended the first part of this study. Four 

of them did experiment twice. Observer variation was measured by means of PF/3 as described in the 
Part I of this article. Each observer’s visual results in terms of ∆V were compared with average values 
calculated from all observers. The agreement between them in terms of PF/3 was considered as 
observer accuracy. Each individual observer’s repeatability was tested by comparing their two 
repeated assessments. Based on the visual results from Phases 1 to 4, the average observer accuracy 
and repeatability were 40 and 44 PF/3 units, respectively. The observer accuracy and repeatability 
under 45o aspecular angle in Part I (or Phase 5 defined in Table 1) were 39 and 52, respectively. The 
results showed that the visual assessments on non-textured CRT colours had a similar degree of 
observer accuracy but a lower observer repeatability than these of textured metallic colours. 
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4.2 COMPARING VISUAL RESULTS BETWEEN DIFFERENT PHASES IN TERMS OF 
PF/3 

Visual assessments on CRT colours with different texture combinations (Phases 1 to 4) were 
compared to those of CRT solid colours (Phase 5) in terms of PF/3 measure. The results showed that 
the disagreement between Phase 1 (a ‘fine’ texture used for the samples in a pair) and Phase 5 (solid 
colour) was 15 PF/3 units. When colours having a ‘coarse’ textures in a pair (Phase 2), the 
disagreement with Phase 5 slightly increased by 17%. This implies that as far as samples in a pair 
having same degree of coarseness, texture effect on the perceived colour difference is insignificant. 
This agrees with Han et al’s study4 based on textile samples. However, the previous work done by 
Montag et al5 and Xin et al6 based on textile samples discovered strong texture effect on the perceived 
colour differences and both concluded that the texture effect is a very important parametric effect on 
colour difference evaluation. The above discrepancy was found that the colour differences used in the 
Montag et al5 and Xin et al6 ’s studies were dominated by lightness differences only. The colour 
differences of the metallic coatings chosen in the present study were mixtures of colour difference in 
lightness, chroma and hue. The texture has small effect on the perceived colour differences when the 
colour difference of a pair is not dominated by lightness difference.  

For each pair in Phases 3 and 4, there exhibited a texture difference, or coarseness difference, 
in addition to their existing colour difference. It revealed that the disagreement of the visual 
assessments from Phases 3 and 4, against Phase 5 were 35% and 39%, respectively, which are almost 
doubled than those when comparing Phases 1 and 2, against Phase 5. The results suggest that, when 
there is a coarseness difference, the visual difference of metallic coatings increased by 200%. 
Referring to the texture mapping algorithm2 adopted in this experiment, it is clear that the texture 
difference between two samples in a pair was caused by their difference in luminance factor only, i.e. 
the texture profile only stored the ∆Y values. This explains why the perceived colour differences in 
Phases 3 and 4 increased comparing with those in Phases 1, 2 and 5, where the samples in each pair 
had same degree of texture.  

 
Table 1 Visual results comparison between Phases 1 to 4 against Phase 5 in terms of PF/3 

Phase 1 vs. Phase 5 15 
Phase 2 vs. Phase 5 17 
Phase 3 vs. Phase 5 35 
Phase 4 vs. Phase 5 39 

 
 

5. TESTING THE PERFORMANCE OF COLOUR DIFFERENCE FORMULAE 
 
Six colour difference equations (CIELAB, CMC, CIE94, BFD, LCD and CIEDE2000) were 

used to calculate colour difference of each pair of CRT solid colours. The calculated colour 
differences were compared with the visual results from Phases 1 to 5, respectively. By setting chroma 
and hue parametric factors to one, lightness weighting factor in each colour difference formula was 
optimised to achieve a minimum PF/3 value between the calculated colour difference values and 
visual assessments. The results given in Table 2 show that the disagreement between these calculated 
colour differences and visual assessments was less than 20% under Phases 1 and 2 texture conditions. 
Under these two texture conditions, colour difference formula CIELAB performed the worst with a 
PF/3 value of almost 25 and the BFD formula performed the best with a PF/3 value of 15. The large 
disagreement between these calculated colour differences and visual assessments occurred under 
Phases 3 and 4 texture conditions. This was caused by the existence of texture differences in a pair. 
Adding texture difference onto a metallic pair increases the perceived difference of this pair while the 
conventional colour difference formulae are applicable only to calculate the colour difference of 
uniform solid colours. The testing results again showed that the CIELAB had the worst performance 
in calculating colour difference of metallic coatings. CIEDE2000 and BFD colour difference formulae 
outperformed the others. The optimised lightness parametric factors showed that for all the colour 
difference formulae tested, lightness difference contributed to the overall colour difference more than 
that of chromatic difference. (The results also showed that the optimised KL values in Phases 1 and 2 
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are smaller than those in Phases 3 and 4. This implies that texture difference would cause the lightness 
difference to become less noticeable.) 

Table 2 Testing the performance of difference colour difference formulae in terms of PF/3 with the 
optimised KL values in bracket. 
 

Phases CIELAB CMC CIE94 BFD LCD CIEDE2000 
1 24 (0.55) 18 (0.98) 18 (0.93) 15 (0.73) 18 (0.93) 16 (0.74) 
2 25 (0.58) 18 (1.03) 18 (0.97) 15 (0.77) 18 (0.97) 20 (1.00) 
3 38 (0.77) 27 (1.44) 30 (1.31) 27 (1.06) 31 (1.31) 25 (1.07) 
4 39 (0.81) 29 (1.51) 31 (1.35) 27 (1.10) 31 (1.35) 26 (1.09) 
5 25 (0.58) 19 (1.08) 16 (1.03) 15 (0.82) 16 (1.03) 18 (1.00) 

 
6. CONCLUSIONS  

 
By comparing the colour difference assessments on CRT textured sample pairs with those on 

CRT solid colour pairs, it was found that there is little texture effect on the perceived colour 
difference of metallic coatings having same degree of coarseness. The perceived differences are 
increased if there is a coarseness, or texture, difference between two metallic samples by 200%. 
Comparing the performances of colour difference formulae, it was found that all colour difference 
formulae gave good prediction to the visual results except CIELAB. BFD colour difference formula 
performed the best for the phases with no texture difference in a pair, and CIEDE2000 performed the 
best for the phases with different textures in a pair. The results also showed that lightness differences 
are less noticeable when texture differences are involved in a pair. 
 
References 

 
1. B. Han, M. R. Luo, and E. Kirchner, Assessing Colour Differences for Automobile Coatings using 
CRT Colours Part I: Evaluating Colour Difference of Solid Colours, AIC05, Granada, in print. 
2. W. Chou, B. Han, G. Cui, B. Rigg and M. R. Luo, “Instrumental colour control for metallic 
coatings”, The 9th Congress of the International Colour Association, 670-672, Rochester, June 2001. 
3. G. Hong, B. Han and M. R. Luo, "Colorimetric Characterisation of Low-End Digtal Camera and its 
Application for On-Screen Texture Visualisation", International Conference on Image Processing, 
The Institute of Electrical Engineers, vol. 1, 741-744, 10-13, Vancouver, September 2000. 
4. B. Han, G. H. Cui and M. R. Luo, Texture effect on evaluation of colour difference, Proceeding of 
AIC 2003, Bangkok, Thailand.  
5. E. D. Montag and R. S. Berns, Lightness dependencies and the effect of texture on suprathreshold 
lightness tolerances. Colour Res Appl 2000; 25:241-249. 
6. J. Xin, C. Lam and M. R. Luo, Investigation of texture effect on CRT colour difference evaluation, 
Proceeding of AIC 2003, 60-64, Bangkok, Thailand. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


