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Abstract In order to investigate the influence of the primary spectrum of a display device on the color discrimination
difference of observers with normal color vision, five display devices with different red, green and blue color primary
spectral energy distributions are selected. Based on the 5 color stimuli recommended by CIE, 30 observers aged
from 20 to 27 with normal color vision are organized to carry out the color-matching experiment based on these five
display devices. Meanwhile, the 108 color-matching functions (CMFs) are used for the computational simulation of
the color-matching process, and the calculation results are compared with the color-matching experimental ones.
The influence of different display devices on the discrimination of observers is quantified by the metamerism index.
It is found that the simulation results are well consistent with the color-matching experimental ones. With the 285
CIELARB color difference data acquired from the color-matching experiment based on the selected four display devices
to be matched and the target display device, the maximum of 9.59 and the minimum of 3.89 as for the metamerism
index are obtained. The primary color spectrum of a display device has a strong influence on the observer
metamerism and the influence of a red color device is weaker than those of yellow and blue ones.

Key words vision optics; color and vision; primary color spectrum; color matching experiment; observer
metamerism; metamerism index
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Fig. 1 Spectral power distributions of three primaries of display devices. (a) Red channel;

(b) green channel; (c¢) blue channel
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Table 1 Specific parameters of display devices

Correlated colour

Luminance /

Tristimulus value (white points) Resolution /

No- Display (cdem ) tempe?ure / X, v, 7 (ixelXpixeD
1 IPAD 119.58 5038 116.31 117.58 105.69 20481536
2 NEC-PA241W 121.73 4996 112.14 119.05 93.33 1920<1200
3 NEC-PA242W 120.38 5012 114.81 120.28 94.89 19201200
4 QUATO-220ex 119.56 5053 109.25 117.24 88.89 19201080
5 EIZO-CG19 121.49 4989 112.77 117.01 99.45 12801024
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Table 2 Chromaticity coordinates of three primaries of display devices
IPAD NEC-PA241W NEC-PA242W QUATO-220ex E1ZO-CG19
Channel

x y x v x y x v x ¥
R 0.64 0.33 0.6 0.34 0.64 0.33 0.66 0.33 0.65 0.34
G 0.35 0.57 0.25 0.68 0.26 0.68 0.24 0.67 0.33 0.61
B 0.15 0.08 0.15 0.13 0.16 0.10 0.14 0.09 0.14 0.13
w 0.34 0.35 0.34 0.37 0.35 0.37 0.35 0.37 0.34 0.35
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Table 3 Colorimetric values of CIE-recommended colors and colors from target display device

CIE-recommended colors

Target colors

Color AE
Ly ay by Cy A Ly ar by Cy hiw

Gray 62 0 0 0 0 63.0 —0.5 0.6 0.8 127.0 1.3

Red 44 37 23 43.6 31.9 45.9 37.7 23.3 44.3 31.7 2.0

Yellow 87 —7 47 47.5 98.4 88.6 —6.9 46.3 46.8 98.4 1.8

Green 56 —32 0 32.0 180.0 57.0 —27.1 0.7 27.1 178.5 5.0

Blue 36 5 —31 31.4 279.1 37.1 3.1 —31.1 31.2 275.7 2.2
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Fig. 2 Color-matching experimental setup
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Fig. 4 Scattering distributions of matched data obtained by simulation based on different display devices.

(a) aip b1 plane; (b) L1, Cy, plane
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Table 4 Indexes of observer metamerism based on different display devices

No.1 No.2 No.3
Condition No.4 and No.5
No.2 No.3 No.4 No.5 No.3 No.4 No.5 No.4 No.5
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Simulation
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Table 5 Peak wavelength positions of R/G/B channels
of different display devices

Peak wavelength position /nm

Channel
No.1 No.2 No.3 No.4 No.5
R 616 660 652 620 612
G 548 516 520 516 544
B 448 436 444 436 436
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Table 6 Color-matching experimental results for different display devices and different color stimuli

No.1 No.2 No.3
Item No.4 and No.5
No.2 No.3 No.4 No.5 No.3 No.4 No.5 No.4 No.5

Gray 7.40 6.32 10.18 3.37 4.26 4.69 6.14 6.59 5.43 8.76

Red 6.14 4.82 7.41 3.31 4.67 4.49 4.77 5.55 4.46 5.74
Yellow 9.77 9.05 10.10 4.69 4.68 5.08 7.86 6.55 7.27 8.97
Green 6.96 6.51 9.08 3.33 4.06 4.37 6.20 5.53 5.60 8.04
Blue 7.79 7.11 11.17 4.75 4.37 4.92 6.71 6.45 6.50 9.61
Mean 7.61 6.76 9.59 3.89 4.41 4.71 6.33 6.13 5.85 8.22
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Fig. 7 (a)(c)(e)(g) (i) Simulation results and (b)(d) (f)(h)(j) color-matching experimental results based on different

display devices and target device (different color stimuli)
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