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Influences on Observers Color Discrimination with Normal Color Vision

Huang Min Shi Chunjie Li Zeyang Liu Haoxue
School of Printing and Packaging Engineering, Beijing Institute of Graphic Communication, Beijing 102600, China

Abstract In order to compare the influences on the observers color discrimination with normal color vision under
different viewing conditions, the lighting sources with different spectral power distributions and displays with
different primary colors are selected, and the four color matching experiments are carried out based on the monitor
and printed color samples. The 47 color matching functions (CMFs) of Stiles-Burch are used for a computational color
matching simulation and 27 to 36 observers with normal color vision are organized to carry out the color matching
experiment. The mean color difference from the mean, observer metamerism magnitude and variability are used to
quantify different observers color discrimination. The results show that the spectral power distribution of the monitor
primary colors and the light sources have much effect on the observers color perception for color matching simulation,
especially in gray color center, but it is not suitable for the color matching experiment. It indicates that the observers
color discrimination is not only determined by the observer color matching function difference ( observer
metamerism), but also the visual mechanism and ability of color discrimination etc.
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Table 1 Experimental information of the color matching experiment
No Light source /Ix Color temperature  Size of colors /cm® Viewing distance /cm Monitor
Expl 902 6302 12X12 80 EIZO CG19
Exp2 922 6364 12X12 80 EIZO CG19
Exp3 1023 3891 12X12 80 EIZO CG19
Exp4 984 6376 12X12 69 BenQ PG240
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Fig. 1 Spectral curves of the light sources Fig. 2 Spectral curves of the monitor three primary colors
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Table 2 Information of the observers
No. Number of observers Age Average age  Total observations Number of repeated observers
Expl 27 20~59 28.9 78 11
Exp2 28 20~59 29.2 77 10
Exp3 27 20~59 30.1 77 9
Exp4 36 20~35 21.7 80 26
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Fig. 4 Experimental setup of the color matching
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Table 3 Results of simulation calculation and color matching experiments

Simulated result Experimental result
No
X mepm Xowm X OM_ X mcom Xom X‘)Mm
Expl 0.46 1.03 0.86 2.04 4.51 2.95
Exp2 0.52 1.06 1.02 2.39 4.92 3.34
Exp3 0.93 2.36 1.72 3.17 6.44 4.35
Exp4 1.09 2.64 1.80 2.26 5.70 2.97
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(a) Simulation result; (b) experimental result
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Table 4 Ellipse parameters of simulation and experiment

SJ’1: (6)

Expl Exp2 Exp3 Exp4

A B 0 S A B 0 S A B 0 S A B 0 S

Gray 0.70 0.23 122.7 0.71 0.73 0.39 130.2 0.94 1.48 0.77 147.8 1.89 1.74 0.78 159.7 2.07

Red 0.58 0.32 122.5 0.77 0.56 0.40 103.0 0.83 1.16 0.71 146.4 1.61 1.22 0.62 173.5 1.54

Orange  0.64 0.31 125.9 0.79 0.63 0.43 125.4 0.92 1.50 0.84 152.7 1.99 1.72 0.77 171.8 2.04

Yellow  0.72 0.38 127.5 0.92 0.83 0.55 136.8 1.20 1.92 1.06 149.4 2,53 2.31 0.82 177.1 2.44

Simulation Y-green 0.63 0.31 127.1 0.78 0.67 0.45 140.2 0.97 1.38 0.73 150.2 1.78 1.71 0.76 165.9 2.02
Green 0.89 0.51 164.6 1.19 1.04 0.54 171.7 1.32 0.94 0.45 133.3 1.15 1.41 0.50 148.4 1.48

B-green  0.64 0.34 130.0 0.83 0.66 0.42 142.6 0.93 1.07 0.50 137.3 1.29 1.47 0.49 148.3 1.50

Blue 1.09 0.26 140.9 0.93 1.20 0.33 147.2 1.11 1.39 0.54 138.8 1.54 1.63 0.36 144.9 1.36

Purple 0.82 0.25 129.7 0.81 0.83 0.36 135.8 0.97 1.34 0.68 143.2 1.70 1.53 0.63 150.9 1.74

Gray 1.12 0.76 86.6 1.63 1.58 0.71 104.5 1.87 1.77 1.10 81.2 2.46 1.03 0.69 135.9 1.49

Red 2.46 1.37 36.3 3.25 2.64 1.20 43.6 3.15 4.37 1.68 51.3 4.80 2.76 0.96 38.7 2.89

Orange  2.56 1.24 44.6 3.15 2.45 1.37 62.2 3.25 4.03 1.51 56.5 4.37 2.34 1.44 52.1 3.25

Yellow 3.84 1.39 94.9 4.09 4.01 1.70 92.5 4.63 6.02 2.38 87.2 6.71 2.97 1.64 105.9 3.91
Experiment Y-green  2.13 1.04 124.5 2.64 3.05 0.99 125.8 3.08 2.79 1.48 95.4 3.60 2.57 1.07 125.6 2.94
Green 3.44 1.23 170.4 3.65 4.02 1.68 168.8 4.61 3.37 2.10 174.4 4.72 3.66 1.34 164.3 3.93

B-green 1.98 1.16 28.5 2.68 1.69 1.57 85.8 2.88 2.77 1.43 53.9 3.52 1.96 1.30 20.6 2.83

Blue 3.16 0.78 116.7 2.78 4.14 1.09 123.3 3.77 5.99 1.49 108.2 5.30 3.45 0.91 129.5 3.15

Purple 2.36  0.95 132.8 2.66 2.47 1.04 131.5 2.84 2.57 1.70 123.0 3.70 2.21 0.78 137.8 2.32
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