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Study on Just-Noticeable Color Difference Discrimination
Threshold by Using Printed Samples I. Analysis of Visual
Evaluation Experimental Data
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Abstract In order to study the human color vision characteristics, the just-noticeable color difference discrimination
threshold experiment at the 17 basic CIE color centers with about 1000 pairs of samples was carried out by 16
observers with normal color vision on the CIE1976 a* -b* plane, by using reflective samples color stimuli based on
the psychophysical method of constant stimuli. And the color discrimination thresholds were represented via
chromaticity ellipses. The detailed processing and analysis of the experimental results indicate that the color
discrimination characteristics of human eyes are different for individual color regions and directions in the a* -b”
plane.and namely the CIE1976 a* -b" plane is visually non-uniform. The visual color tolerance in the third and
fourth quadrants is smaller than the first and second quadrants, the biggest tolerance is in the region of high chroma
orange, and the smallest is in blue. The visual color difference scale in the red-green direction is generally smaller
than that in the yellow-blue one for the 17 CIE color centers. The experimental data provides references for the
improvement of uniform color space and color-difference formula.
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Table 1 CIELAB chromaticity parameters of the 17

test color centers

Target CIE values Measured CIE values

Color centers

a’ b L’ a’ b*
Grey 62 0 0 61.9 —0.17—0.25
Red 44 37 23 45.4 37.1 22.2
Red, high chroma 44 58 36 43.9 57.2 35.6
Orange 63 13 21 63.2 13.5 21.5
Orange, high chroma 63 36 63 60.8 34.8 62.2
Yellow 87 —7 47 85.4 —6.6 47.2
Chﬁﬁw high 87 —11 76  85.8 —9.9 69.9
Yellow-green 65 —10 13 65.3—10.1 13.1

Yellow-green. 65 —30 39  64.5—30.1 40.2

high chroma

Green 56 —32 0 56.5—32.0 0. 38
Green, high 56 —45 0  57.8—37.3 0

chroma

Blue-green 50 —16 —11 49.9—16.2—10.8

Blue-green, 50 —32 —22 51.2—26.2—17.8

high chroma

Blue 36 5 —31 36. 4 5.8—31.8
Blue, high chroma 34 7 —44 35.4  6.8—44.5
Purple 46 12 —13 46.9 11.5—13.3
Purple, high chroma 46 26 —26 45.6 26.3—26.6
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Table 2 Just-noticeable difference threshold chromaticity ellipse parameters

Color centers A A/B 0 xAB Color centers A A/B 0 xAB
Grey 0. 35 1 90 0. 38
Red 1. 35 2.08 48 2.76 Red, high chroma 1.75 1. 84 50 5. 22
Orange 0.75 1.67 68 1. 06 Orange, high chroma 2.95  4.54 74 6.02
Yellow 1.75 3.18 94 3.02 Yellow, high chroma 2.15 3.91 90 3.71
Yellow-green 0.55 2.2 110 0.43 Yellow-green, high chroma 1. 35 3 114 1.91
Green 0. 85 3.4 158 0. 68 Green, high chroma 0. 65 1. 44 136 0.92
Blue-green 0.45 1.29 68 0.49 Blue-green, high chroma 0.75 1.36 26 1. 30
Blue 0.35 2.33 118 0.16 Blue, high chroma 0. 45 3 138 0. 21
Purple 0. 35 1.4 90 0.27 Purple, high chroma 1.85 2.85 128 3.78
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Table 3 Comparision of JND threshold chromaticity ellipse parameters with Witt dataset

This study Witt(AV<C1)
Color centers Sihis / Swite
A A/B 0 tAB A A/B 0 ©AB
Grey 0.35 1 90 0. 38 1.2 3 106 1.51 0.25
Red 1.35 2.08 48 2.76 3 1. 36 32 20.73 0.13
Yellow 1.75 3.18 94 3.02 2.2 5.5 90 2.76 1.09
Green 0. 85 3.4 158 0.68 3.2 2.29 166 14.07 0.05
Blue 0. 35 2.33 118 0.16 3 3 118 9.42 0.02
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