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Study on Color Discrimination Threshold Using CRT Display Part 1.
Analysis of Experimental Data and Human Color Vision Characteristics

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

Abstract: In order to research the human color vision characteristics, the color discrimination threshold
experiment at the five basic CIE color centers was carried out by a panel of 3 observers with normal color vision on
the CIE1976 a* -b* plane using CRT-generated color stimuli based on the psychophysical method of interleaved
staircase. The observer test accuracy was estimated using performance factor PF/3, and the color discrimination
thresholds were represented via chromaticity ellipses. The detailed processing and analysis of the experimental
results indicated that the color discrimination characteristics of human eyes were different for individual color regions
and color directions in the iso-lightness a* -b* plane, and namely the CIE1976 a* -b* plane is visually non-uniform.
The visual color-difference scale in the red-green direction was generally smaller than that in the yellow-blue one for
the five CIE color centers. The experimental data could provide references for the improvement of uniform color
space and color-difference formula.

Key words: vision and color; color discrimination threshold; interleaved staircase method; chromaticity ellipse;
color vision characteristics
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Table 1 CIELAB chromaticity parameters of the five test color centers

Target CIELAB values

Measured CIELAB values

Color centers AE”
L a’ b* L* a® b*

Gray 61.65 0.11 0.04 61.31 0. 26 0. 31 0. 46
Red 44, 38 36.91 23.33 44,09 36. 40 22.65 0. 89
Yellow 86. 65 —6.92 47.15 86. 60 —6.99 47. 04 0.14
Green 56.09 —32.13 0.44 55.99 —31. 36 0.19 0. 82
Blue 35. 60 4, 83 —30.18 35. 46 5.50 —30. 22 0. 69
Mean 0. 60
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Fig.1 Test stimulus arrangement used in the color

discrimination threshold experiment
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Table 2 Observer repeatability in terms of PF/3 for the five color centers

Color centers Gray Red Yellow Green Blue Mean
Observer 1 (CLY) 34 19 26 32 32 28
Observer 2 (HJF) 36 17 18 39 39 29
Observer 3 (ZWH) 31 25 18 32 33 27
Mean 33 20 20 34 31 28

#3 5 EaEd.O R MEE N R E (PF/3 &®3)
Table 3 Observer accuracy in terms of PF/3 for the five color centers

Color centers Gray Red Yellow Green Blue Mean
Observer 1 (CLY) 66 26 41 38 48 43
Observer 2 (HJF) 46 30 33 46 56 42
Observer 3 (ZWH) 36 33 28 47 48 38
Mean 49 29 34 43 50 40
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Table 4 Chromaticity ellipse parameters and their comparison with classical datasets in terms of PF/3

Data set Scaling factor  Color centers A A/B ] wAB PF/3
Gray 2.25 3.17 114 2.24
Red 1.74 1.91 81 2.23
This study 1 Yellow 2.24 2.57 93 2. 47
Green 1.70 2.15 129 2.05
Blue 1.78 3.71 118 1. 64
Gray 1.33 1.53 102 1. 90 29.2
Red 2.39 1.71 37 3.25 30.9
RIT-Dupont 0,63 Yellow 2.13 1.71 78 2.88 20.6
AEL~1.0 ' Green 2.44 1.86 169 3.17 33.9
Blue 3.43 3.29 119 3. 35 4.7
Mean 23.9
Gray 2.53 2.98 115 2. 60 2.2
Red 3.19 2.84 76 3.36 13.4
Xu and Yaguchi 0. 72 Yellow 2. 80 2.04 92 3.47 8.5
thresholds ' Green 3.26 3.42 136 3.12 16.4
Blue 2.11 2.67 110 2.29 19.6
Mean 12.0
Gray 1.12 1.69 109 1.53 23.5
Red 2.99 2.01 35 3.74 36.4
Cui and Luo 0 65 Yellow 2.28 1.81 85 3.01 15.0
AE;L ~1.0 ) Green 2.83 2.17 172 3.41 40.0
Blue 2.98 3.01 124 3.05 12.2
Mean 25.4
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Fig. 2 Chromaticity ellipses of four datasets
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Table 5 Comparison of visual color-difference scale in red-green and yellow-blue directions for the five color centers

Color centers Gray Red

Yellow Green Blue

Ratio of Aa* /Ab* 0.54 0.54

0.39 0. 88 0.59
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