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Color vision at an intermediate luminance or illuminance level between photopic and scotopic
range is called mesopic vision. In mesopic vision, we perceive different colors from in photopic
vision, because not only cones but also rods contribute to the visual response. In this paper,
color appearance for 86 color chips under 6 illuminance levels from 0.01lx to 10001x was
estimated by a haploscopic color matching method. A test color chip was presented in the
test field and observed by the left eye, and the Natural Color System (NCS) Color Atlas in
the reference field was observed by the right eye. One color chip which has the same color
appearance as the test color was selected from the NCS Color Atlas. Subjects responded four
scales of the NCS, hue, whiteness, blackness and chromaticness. The experimental results show
that as the illuminance decreased, (1)chromaticness decreased, (2)hue shift was observed in
green-blue and yellow-orange regions and (3)brightness contrast decreased.
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Table 1 The NCS notations, CIE 1931 =x,y
chromaticity coordinates, and photopic and sco-
topic luminance factors of the test color samples.

Color chip | NCS notation| =z Y Y Y!

1 3235-R35B | 0.314] 0.231] 12.67| 13.71

2 2663-R 29 B | 0.445| 0.266| 12.68 7.63

3 1974-R 02B | 0.559 0.321| 13.78 5.31

4 0868-Y 43R | 0.511] 0. 408 45.59 19.63

5 0973-Y 02 R | 0.469| 0. 478| 62. 54| 28. 76

6 0974-G 45Y | 0.394] 0.514] 45.97| 29.32

7 4354-G 02Y | 0.264] 0.431] 12.60] 15. 33

8 3952-B 67 G | 0.229] 0.351] 12.38 19.48

9 3656-B 16 G | 0.205| 0.271] 12. 31} 23.48
10 3059-R 88 B | 0.209| 0.213 12.21] 23.94
11 2240-R 53 B | 0.321] 0.276| 30. 72| 34.58
12 2043-R 28 B | 0.395| 0.304| 31.55| 26.49
13 1749-R 0.450| 0. 341} 31.64] 19.87
14 2550-Y 51 R | 0.479| 0.392| 30. 74| 15.97
15 3057-G 97Y | 0. 452 0.459| 31. 55| 16. 86
16 2363-G 44Y | 0.386| 0.492| 31.20] 20.67
17 1956-G 0.273) 0.421] 30. 30| 34.91
18 2054-B68 G | 0.238| 0.356| 29. 18| 41.69
19 1556-B 22 G | 0.222| 0.298) 30.78| 50. 06
20 1045-R 88 B | 0.254| 0.267| 30.32| 45. 14
21 3322-R56 B | 0.324] 0.303] 30.24| 32.66
22 3421-R 28 B | 0.364] 0. 323 30. 30| 27.68
23 3323-R 03B | 0.389 0.341} 30.56| 24. 65
24 3820-Y 50 R | 0.409] 0.371] 30.43| 22.11
25 4024-G 98Y | 0.401| 0.408 30.24| 21.80
26 3629-G50Y | 0.365| 0.415| 30. 85| 24. 97
27 3131-G 01Y | 0.304| 0.385| 30.43| 31.53
28 3031-B71G | 0.282| 0.354| 30. 48| 35.69
29 2831-B21 G | 0.275| 0.321] 31.09| 38.92
30 3123-R 8 B | 0.293] 0.304] 31.22| 37.61
31 300 0.336| 0.343) 93.80| 92. 44
32 2600 0.333] 0.340| 51.97| 51.85
33 4500 0. 331 0.338| 30.94] 30.98
34 6500 0. 331 0.337| 16. 46| 16.45
35 8300 0.330| 0.337 7.24| 7.27
36 9400 0.323 0.329] 2.37 2.45
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Fig.1 CIE 1931 (z,y) chromaticity diagram
showing 36 test color chips.
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Fig. 2 Changes of color appearance of (a) red, (b) yellow, (e)

green and (d) blue'color chips in the NCS triangle. Different symbols

show the data from three subjects.
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Fig. 3 Changes of the perceived chromaticness,
blackness and whiteness. (a) Highly saturated
color, (b) medium saturated color, and (c) low

saturated color.

Mean values from 10 subjects.
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Fig. 4 Whiteness of all test samples at 0.011x
as a function of scotopic luminance factor.
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Fig. 5 Changes of the perceived
hue of 30 color chips in the NCS
color circles. (a) Highly saturat-
ed color, (b) medium saturated
color, and (c) low saturated
color. Data from subject TF.
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Fig. 6 The perceived hue of 30 color chips as
a function of illuminance. (a) Highly satu-
rated color, (b) medium saturated color, and
(c¢) low saturated color. Mean values from 10
subjects.
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