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Study of Color Discrimination Threshold Using CRT Display. Part ] .
Evaluation of Classical Color-Difference Formulae

Wang Zhehong Xu Haisong
(State Key Laboratory of Modern Optical Instrumentation, Zhejiang University, Hangzhou 310027)

Abstract: The visual data obtained from the color discrimination threshold experiment carried out in the iso-
lightness a” -6 " plane of CIELAB color space were used to test the four classical color-difference formulae, CIELAB,
CMC, CIE94 and CIEDE2000, in terms of performance factor PF/3. For the original forms (k¢ = kx = 1),
CIEDE2000 outperformed others, followed by CIE94 and CMC, with CIELAB the worst. For the color-difference
formulae with k¢ and kg optimized, CIEDEZ2000 still performed the best, while the color-difference prediction
performances of other three formulae were almost the same; except for CIELAB improved obviously, others were
enhanced a little in comparison with their individual original forms. The CIEDE2000 formula performed excellently in
the yellow and blue color regions, but its color-difference prediction performances in the gray, red and green regions
remained to be further improved.

Key words: vision and color; color discrimination threshold; performance factor; color-difference formula; color-
difference prediction performance
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Fig. 1 Chromaticity ellipses predicted by the four color-difference formulae in their original forms
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Table 1 Prediction performances of the color-difference formulae in their original forms for the five color centers

and their comparison with classical datasets in terms of PF/3

Data set Color centers CIELAB CMC CIE94 CIEDE2000
Gray 41.7 41.7 41.7 43.1
Red 23.4 36.6 34.3 36.7
Yellow 34.6 18.2 13.2 9.4
This study

Green 27.5 31.3 36.2 35.6
Blue 49.0 35.8 37.0 5.0
Mean 35.2 32.7 32.5 26.0
Gray 15.3 15.3 15.3 6.1
Red 19.3 5.7 3.7 .0
RIT-Dupont Yellow 19.3 12.7 14.5 17.3
AE, ~1.0 Green 22.3 13.1 8.2 L7
Blue 44,4 32.0 33.0 .1
Mean 24.1 15.8 15.0 .6
Gray 39.8 39.8 39.8 31.5
Red 36.3 43.7 42.0 43.7
Xu and Yaguchi Yellow 25.9 10.7 6.5 6.0
thresholds Green 41.6 42.4 44,9 44.6
Blue 34.9 17.8 19.6 19.4
Mean 35.7 30.9 30.6 29.0
Gray 19.0 19.0 19.0 11.5

Red 25.2 2.6 4,45 2.86
Cui and Luo Yellow 21.4 .9 .9 12.1
AEL ~2.5 Green 28.0 18.0 11.0 11.8
Blue 40, 4 31.4 31.9 7.8
Mean 26.8 16. 2 15.3 9.2
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Table 2 Prediction performances of the color-difference formulae in their optimized forms for the five color centers

and their comparison with classical datasets in terms of PF/3

Data set Color centers CIELAB CMC CIE94 CIEDE2000

kc=1.0, ku=0.6 kc=1.1, ku=1.0 kc=1.3, ku=1.2 kc=1.0, kx=1.0
Gray 39.7 41.1 41.2 43.1
Red 32.5 39.2 36.5 36.7
This study Yellow 16.3 18.2 15.0 10.9
Green 36. 4 33.3 38.1 35.6
Blue 36.6 34.5 35.7 5.0
Mean 32.3 32.6 32.5 26.0

kc=1.7, ku=1.0 kc=2.0, ku=1.9 kc=1.0, ky=1.0 kc=1.7, ky=1.8
Gray 17.7 15.2 15.3 6.1
RIT-dupont Red 3.2 7.2 3.7 4.5
— Yellow 13.4 13.1 14,5 16.1
AEs 1.0 Green 8.0 11.6 8.2 9.7
Blue 32.4 31.4 33.0 5.8
Mean 14,9 15,7 15.0 8.4

kc=2.0, ky=1.1 =1.5, kg=1.3 kc=1.9, kg=1.8 kc=0.9, kx=1.1
Gray 37.9 39.0 39.5 32.0
Xu and Yaguchi Red 42,3 46. 8 43.1 41.6
chresholds Yellow 6.7 6.7 5.8 6.2
Green 46.5 43.9 45.8 43.3
Blue 17.1 15.3 18.3 20,3
Mean 30.1 30. 3 30.5 28.7

kc=1.9, ky=1.0 kc=0.9, kg=0.8 kc=1.0, kg=1.0 kc=1.9, kxg=2.0
Gray 23.3 18.7 15.3 11. 6
Cui and Luo Red 2.9 0 3.7 3.7
— Yellow 10.3 9.7 14.5 11.1
AEs~2.5 Green 7.8 14.1 8.2 13.4
Blue 31.2 31.2 33.0 5.8
Mean 15.1 15.5 15.0 9.1
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