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Table 1 Colorimetric values of different displays
) . ) Tristimulus Values (white points)
Displays Illuminant/(cd » m™ %) CCT/K
X, Y, Zy
G . Target No. 1 EIZO 110.5 6 309 92.78 100 100. 44
Froup Matched No. 2 QUATO 110. 6 6 188 94. 42 100 105. 6
G ) Target No. 1 EIZO 120. 2 5188 95. 43 100 85. 35
roup Matched No. 3 NEC241 118.7 5 064 96. 97 100 85.12
G ; Target No. 4 NEC242 121.3 5111 97.41 100 85. 18
TIOUP S Matched No. 2 QUATO 119. 4 5001 96. 41 100 84.33
JEIE (4 8 R %% EIZO-CG19 (CCFL % B 94 6 4T % )%, TFT
1 SZIGH i H) . QUATO-220ex 775 28 (LED 7§ 56) . LED J& {8 5 i
B NEC-PA242W (AH-IPS & #) & NEC-PA241W (CCFL ¥%
1.1 FERBEREE PR 20 AT 56, IPS HiHO B/n#%. 4 G B R fTd
SRR T A SRR BREE, 40004 LCD R4 G LB T 3 ZH B U IE S 06 2B B CRLER H AR A R IL T
127 (2) Group! WA, R 1 Fra. B 1S OG5 4 & 3 PhotoRe-
Lod . ——EB search655(PR655) SR A B 3 41 52 56 H A7 A T AL 15 4 1) Jt 458
it ——EG N S N
os{ |\, I P — LR A 2
Soe{ | A oB [P BT AR AL
{ Q-G s T L Y 2 f2e N S oz
04 | QR TEIETEAR L R AL BRI A —E R E R, R 2
02f | AL R A AT Bk R NG B (Y 06 U K 37 S T
0.0 A/ AV A\ et , e i 25 A T H bR i A B R AR, o IE (AR SR L AT
380 480 580 680 780 ST e e S e [ B s ] A T ot S
Wavelength/nm %%%%ﬁﬁﬁME&E%u%Wk&&ﬁ%,ﬁzﬂﬂm
12- 5P B
| (b) Group2
1.0 r —EB
| t —EG 2 AEABRTERLAFEEENEEKEKMLE (nm)
0.8 % —  ER
2064 ]‘I NV 241-B Table 2 The peak wavelength positions of RGB
A A AR £ I 21K channels for different displays (nm)
0.4 II rrrrrrr 241-R
021 [ Group 1 Group 2 Group 3
|/ A AR LS No.l No.2 a1 No.l No.3 a1 Nod No2 A
01280 480 580 630 780 R 612 620 8 612 660 48 652 620 —32
Wavelength/nm G() 544 516 —28 544 516 —28 520 516 —d4
1.2+ : -
() Group’ B() 436 436 0 436 436 0 444 436 8
104 " 242-B
084 L N i N T 1.2 B flE
$061 i\ NG s N\ e CIE #EREm) 5 Bl .ol Ok, 4o, B, & ¥
0.4 A S ) BRI, VR TS IR RN IE 5 % T 1 2R (P
024 MR, HCHIEE Y, =4, 72, WSS 3 56 i 3 W% BE 555 50
a%d” ;@ \ﬁal‘b%ﬂ 0 cm, JE T SR AR A ROE DL S B S A G 1 0 A B 6 R L
Wavelength/nm A BREE E2E, HEngAh.ogian CIELAB (2
1 ZHAFELEIBREMNERIENREELEHE&SE HABRD 1.2, URIEEAREAZ LRSS, HEY A
Fig. 1  The spectral power distributions of the target and HRIFHB 5. RRWE M (2°, 4°, 10°, 22°) X b iy k¢

matched displays three groups in the experiments
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T 4 B A S 4 2 SR — 8 IR R . A e R S 06 SR
SR B 1R 22 RO 4 24 DG e 5% 22 5 1 i, [0 s 1 380 45030 ) i
G VR L H SE 06 A1 2 KR 48 1 W% 3 L 6 0 B A
Fl CIE1931 CMFs (2° % 4°347) 8%, CIE1964 CMFs (10° % 22°
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FIVCHE (49 CIELAB (822, Q2R @226 KT 10. 0, 55 20
SEHEHVUCAL ;s WRAS ISR A CIELAB 422 {548 K
F10. 0, D) IR 2 W VK UG FC Y R 0 €0 22 B0 o AT U 2R b
T, S AL IR BRIk . T T A A LB U i R — B
0, 55 B W 2% 3 UG il B — B0 7 ¥ {d W) (19 CIE DE2000 (5,
2, BT R A B Ry CIE DE2000 €6 22573 { . 3k
3R

x3 ZHAXBRARNG TUERELERAE N ERGE
Table 3 The observer accuracies of three experimental

groups with different field sizes

Group 1 Group 2 Group 3

Min Max Mean Min Max Mean Min Max Mean

2° 0.89 4.95 2.55 0.88 5.47 2.69 0.90 7.03 2.94
4° 0.87 5.49 2.50 0.48 6.16 2.47 0.94 5.77 3.10
10° 0.55 4.60 2.16 0.66 6.11 2.41 0.49 7.12 2.40
22°0.52  4.17 1.71 0.47  6.04 2.44 1.18 6.25 3.19
Mean 0.71 4.80 2.23 0.62 5.95 2.50 0.8 6.54 2.91

B3R 3 AL, =4l SEie WA L AR HE S 2. 23, 2.50
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Fig. 2 The CIE2006 CMFs for different

viewing fields and ages
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Fig. 3 The distributions of the matched colors of
different field sizes with three CMFs
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Table 4 The numbers of the minimum CIEDE2000

values occured for different CMFs

Field CIE1931 CIE1964 CIE2006 In Total
Size/ (%) CMFs CMFs CMFs
2 11 13 39 63
4 15 16 32 63
10 13 30 20 63
22 6 23 34 63
In Total 45 82 125 252
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Fig. 4 The distribution of the averaged matched colors
of different field sizes from CIE2006 CMFs
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Table S The linear fitting results of the colorimetric values
Group 1 Group 2 Group 3
L Cib h, L Ci ha, L Cib hy,

4 0.994 9 0.990 7 0.995 0 1.006 8 1.010 8 0.991 7 0.985 3 1.002 1 1.003 9

10° 0.995 6 0.958 3 0.999 6 1.001 0 1.036 3 1.004 7 0.984 8 1.051 1 1.012 4

22° 0.993 5 0.952 9 0.995 9 1.002 3 1.043 0 1.003 6 0.996 2 1.019 7 1.005 4
43 R Al B il 18 W {8 3 K A2 #8 2/ T Group3 o1 (1 L %5 45 5t
4.1 ol W Grow? W Grows (Groupl fE R il I (S (B % 8 nm. /b F Group3 tf
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c R Al B 33 13 [ 7 5
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Fig. 5 The CIEDE2000 values of the three experimental

groups for different field sizes
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Fig. 6 The observers covariance ellipses based on different displays and field sizes (magnified 3 times)
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Table 6 Parameters of the observers covariance ellipses
Field . Group 1 Group 2 Group 3
Size/(*) Colors A B 5 Sae A B S Sawe A B S Shwe
Gray 1.75 1. 10 2.45 1.75 1.43 2.81 2.24 1.72 3.48
Red 2. 61 1. 31 3. 28 3.15 1. 44 3.77 3.09 1. 65 4. 00
2 Yellow 3.72 2.07 4.92 3.83 2.14 5.07 3. 89 2.30 5.30
Green 1. 95 1.21 2.73 2.69 2. 39 4.49 3.67 1. 34 3. 94
Blue 3.77 0. 85 3.17 3.31 2.69 0. 96 2. 84 3. 80 2. 30 1.75 3.55 4.05
Gray 1. 43 0. 86 1. 96 2.22 1. 50 3.24 2.99 1. 08 3.18
Red 1.93 1. 16 2. 64 2.39 1. 45 3. 30 2.45 2.07 3.99
4 Yellow 2. 94 2.11 4. 41 3. 86 2.32 5. 31 3. 36 2. 80 5. 43
Green 2.22 1. 86 3. 60 1. 66 1. 40 2.69 4.16 1.79 4. 83
Blue 2.49 1.42 3. 33 3.19 2.18 0.92 2.51 3.41 2. 80 0.97 2.91 4.07
Gray 1. 26 0.76 1. 74 2.00 1.27 2.82 1. 86 0. 89 2.28
Red 2. 66 0. 64 2.32 2.44 1.43 3.31 3.98 1. 18 3. 84
10 Yellow 2.63 1. 89 3.94 2.52 1.91 3. 90 2.87 1. 56 3.75
Green 1. 65 0.97 2.24 2.37 1. 30 3.11 2. 88 1. 22 3.33
Blue 2.17 1. 62 3.33 2.71 2.23 1.01 2.66 3.16 1.93 1. 62 3.13 3.27
Gray 1. 16 0.70 1.59 1.55 1. 20 2.42 3.72 1. 31 3.92
Red 1.74 0. 80 2.09 2.15 1. 49 3.17 2.81 1. 94 4. 13
22 Yellow 1. 57 1. 18 2.42 2.63 1. 48 3. 50 4. 35 1.47 4. 48
Green 2. 34 0. 65 2.18 2.09 1.61 3.25 4. 64 1. 24 4. 24
Blue 1. 90 1. 54 3.03 2.26 2.29 0. 86 2.49 2.97 3. 56 1.76 4. 44 4.24
Ave 2.87 3.33 3.91
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Influences of Different Viewing Fields on Color Perceptions Using the
Displays With Different Primary Colors

GUO Chun-li, HUANG Min"* , XI Yong-hui, PAN Jie
School of Printing and Packaging Engineering, Beijing Institute of Graphic Communication, Beijing 102600, China

Abstract In order to investigate the influences of different primary colors and viewing fields on observers’ color perceptions,
three groups of color matching experiments were designed, and 18~23 observers aged from 19 to 25 were organized to carry out
the visual experiments. The CIE recommended 5 colors and 4 different field sizes (2°, 4°, 10°, 22°) were used in the
experiments, and 1 260 datasets were gathered. The CIE1931, CIE1964 and CIE2006 color matching functions (CMFs) were
used to compute the colorimetric values of the target and matched colors, and then CIE DE2000 color difference values were used
to test the performances of different CMFs. The distributions of the matched colors from different field sizes and different groups
were plotted in a* b” and L* C,, plane, it can be found that there are larger discrepancies in CIE1931 and CIE1964, as well as
CIE2006, especially in red and green colors. The CIE DE2000 color difference values computed by CIE2006 CMFs are the
smallest, and CIE2006 CMFs outperformed others in small field sizes (2° and 4°), large filed size (22°). In the filed size of 10,
CIE1964 have the best performance. CIE2006 CMFs was used in the following data analysis, and the results indicated that with
the increasing of the field size, the hue of the matched red, yellow, blue and gray colors would be shifted with the direction of
the bottom right ina* b” plane. the chroma of the red and blue colors would be increased, the chroma of the yellow colors would
be decreased, there is no obvious variation of the lightness of the matched colors. The primary colors have some influences on the
experimental results, the shift of the peak wavelength in blue channels can enlarge the color differences of the target and matched
colors, followed by green channel, and finally the red channel. The results can provide datasets and theoretical support to extend
the range of the existing CIE proposed CMFs, and also provide guidance for weak or enlarge the observer metamerism in the

process of color transmission and reproduction.
Keywords Primary colors; Viewing filed size; Color matching experiment; Color matching functions
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