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Matching Functions
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China

Abstract In order to check the accuracy of color calculation and correction based on CIE1931 2° color matching functions
(CMFs) in the existing chromaticity management system, this paper selected an LED panel with three channels (636 nm,
524 nm, and 452 nm) as the target device to display five colors (gray, red, yellow, green, and blue) recommended by CIE
and took an LED panel with six channels (672 nm, 636 nm, 524 nm, 508 nm, 472 nm, and 452 nm) for comparison. In
total, there were eight primary sets. Furthermore, the paper calculated and adjusted the target color and compared color
by CIE1931 2° CMFs to make them have similar XYZ chromaticity values, and forty color samples were obtained. In
addition, forty observers with normal color vision were organized for color difference evaluation under fields of view (FOV)
of 2.9% and 8. 6°, respectively, and then 6400 groups of visual color difference data were collected in the experiments. The
results indicate that when the compared color and the reference color stimuli are 1.1 (the same as the primary set used in the
reference panel) and 1.2 primary sets (with the shift of red primary), CIE1931 2° CMFs are applicable for calculation while
in other sets, they work poorly. As the FOV increases, the visual color difference from different FOV's is insignificant.
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Table 1 Summary of the primary sets

Correlated color

Color gamut area

Primary sets Shifted primaries temperature CIE1931 xy CIE1976 u'v'
(CIE 1931 2°) chromaticity diagram chromaticity diagram
L1 (R1-G2-B1) — 5002 0.1889 0.1087
L2 (R2-G2-B1) R2 4996 0.1969 0.1204
L3 (R1-G1-B1) Gl 5003 0.1813 0.1109
L4 (R1-G2-B2) B2 4997 0.1773 0.0789
L5 (R1-G1-B2) G1 and B2 5003 0.1648 0.0780
L6 (R2-G2-B2) R2 and B2 4994 0.1849 0.0874
L7 (R2-G1-B1) R2 and G1 5001 0.1874 0.1218
L8 (R2-G1-B2) R2, G1, and B2 5006 0.1705 0.0857
L 29 0.66, 28 A6 Bl 3 0. 15~1. 48 Au'v'{H 14 2 1K 15 [l
0.6 30.0001~0. 0019, *F#{E 7 0. 009, % F 8 Fl L5
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Fig. 2 Color gamut enclosed by the eight primary sets in the

CIE1931 «'v' chromaticity diagram
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Table 2 Scoring rules for visual color-difference evaluation experiments

Color perception Category Visual color difference
No difference 0 0-1
Just perceptible difference 1 1-2
Weak difference, which is ensured to exist 2 2-3
A little obvious difference, which is acceptable 3 3-4
Obvious difference, which is not acceptable 4 4-5
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Table 3 Intra-observer and inter-observer variations in color

difference evaluation experiments

Parameter Intra-observer Inter-observer
FOV /(%) 8.6 2.9 8.6 2.9
Minimum 9.5 12.2 12.6 18.7
Maximum 24.2 34.6 51.2 59.6
Mean 16.3 22.6 28.3 36.9
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FOV /
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Table 5 Visual color difference for five colors in experiment
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