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Abstract The visual data, obtained from the just-noticeable color difference discrimination threshold experiment

—

carried out in CIELAB color space, were used to test the four classical color-difference formulae. CIELAB., CMC,
=]

The just-noticeable color difference discrimination thresholds of the printed samples’
color-difference is higher than others. For the original forms (ky =kc=ky=1), CIEDE2000 ouerforms others with
prediction performance

different color regions calculated by different formulae are different. Except for the grey color region, the CIELAB
the best matching with visual evaluation. For the color-difference formulae with optimized k¢ and ky . the optimized
form of CIEDE2000 performs the best especially in the color region of grey and high chroma orange.
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Fig. 1 CIEDE2000 grey color difference

threshold of the printed samples
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Table 1 Just-noticeable color difference thresholds for different color centers with different color-difference formulae
Color centers CIEL"a* b" CMC(1 = D CMC(2: D CIE94 CIEDE2000
Grey 0.37 0. 47 0.4 0.37 0.43
Red 0. 83 0.53 0. 46 0.45 0.46
Red, high chroma 1.08 0.59 0.51 0.52 0.53
Orange 0.56 0.42 0.37 0. 35 0. 33
Orange, high chroma 1.77 0. 87 0.8 0.73 0.75
Yellow 1. 06 0.52 0.49 0.52 0. 48
Yellow. high chroma 1.52 0. 68 0.57 0.67 0.57
Yellow-green 0.29 0.22 0.18 0.22 0.2
Yellow-green, high chroma 1.24 0.73 0.5 0. 85 0.72
Green 0.56 0.33 0.29 0.31 0.31
Green, high chroma 0.71 0.42 0.33 0.44 0.42
Blue-green 0.41 0. 26 0.2 0. 25 0.25
Blue-green, high chroma 0.41 0. 35 0.25 0.35 0.36
Blue 0.41 0. 32 0.23 0.28 0. 26
Blue, high chroma 0.52 0. 39 0. 26 0. 34 0. 28
Purple 0.16 0. 14 0.12 0.13 0.14
Purple, high chroma 0.96 0.71 0.5 0.69 0.68
Average color-difference 0.76 0.47 0. 38 0. 44 0.42
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Fig. 2 Comparison of the normalized results calculated with color difference formulae
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Table 2 Performance of different color-difference formulae evaluated by WD

Color centers CIEL*a*b* /% CMC:1) /% CMC(2:1) /% CIE94 /% CIEDE2000 /%
Grey 52 60 62 52 54
Red 26 24 24 26 22
Red, high chroma 29 30 29 32 30
Orange 28 24 26 22 18
Orange, high chroma 44 42 42 46 44
Yellow 33 33 33 35 33
Yellow, high chroma 32 26 30 28 26
Yellow-green 30 30 32 32 29
Yellow-green, high chroma 44 44 42 44 42
Green 24 22 24 22 22
Green, high chroma 24 26 26 26 22
Blue-green 42 40 42 42 38
Blue-green, high chroma 26 28 28 26 26
Blue 52 52 47 52 44
Blue, high chroma 36 36 28 34 26
Purple 50 44 46 48 42
Purple, high chroma 10 12 8 18 8
%3 ARSI UM CIEDE2000 62 A R MR B ke * o [
Table 3 Optimized k¢ ¢ ky of CIEDE2000 color difference formula for different color centers

Color centers ke ku Color centers ke ko
Grey 2.9 2.1

Red 2.9 1.5 Red, high chroma 0.7 0.9
Orange 2.9 0.9 Orange, high chroma 2.7 1.3
Yellow 0.7 1.7 Yellow, high chroma 0.7 1.5
Yellow-green 2.9 1.3 Yellow-green, high chroma 2.9 0.3
Green 1.9 0.7 Green, high chroma 0.7 0.7
Blue-green 2.9 0.7 Blue-green, high chroma 1.7 0.7
Blue 0.5 0.3 Blue, high chroma 0.1 0.5
Purple 0.3 0.1 Purple, high chroma 0.5 0.7
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Table 4 Color-difference and WD of the color-difference formulae in

their original and optimized forms for 17 color centers

Original E00 Optimized E00
Color centers
Color difference WD /% Color difference WD /%
Grey 0.43 54 0.24 44
Red 0.46 22 0. 33 20
Red, high chroma 0.53 30 0.58 27
Orange 0.33 18 0.28 14
Orange, high chroma 0.75 44 0.47 28
Yellow 0.48 33 0.5 28
Yellow, high chroma 0.57 26 0. 56 24
Yellow-green 0.2 29 0.16 28
Yellow-green, high chroma 0.72 42 0. 86 38
Green 0.31 22 0.29 20
Green, high chroma 0.42 22 0.51 16
Blue-green 0.25 38 0. 36 30
Blue-green, high chroma 0. 36 26 0. 27 20
Blue 0. 26 44 0. 46 35
Blue, high chroma 0.28 26 0. 64 18
Purple 0.14 42 0.51 38
Purple, high chroma 0.68 8 0. 82 6
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Fig. 3 Comparison of the normalized fesults calculated with the original and optimized CIEDE2000 color-difference formulae
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Table 5 Weight parameters and linear correlation coefficient of the Witt data caeculated by CIEDE2000 color-difference formula

Data set Color centers kL ke b r* (original) r* Coptimized)
Grey 1 1 10 0.21 0.39
Red 1 1. 08 1.54 0. 85 0.97

A‘\xjgl Yellow 1 1. 26 0.74 0. 82 0.93
Green 1 2.06 1.11 0.62 0.96
Blue 1 1. 38 1. 54 0. 85 0.95
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