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Abstract Two psychophysical experiments, experiment I and experiment II, were conducted to test color
difference calculation method in images. Five ISO SCID images were used as test images and the test image pairs
were displayed on EIZO CG 19 monitors. The computed color difference with CIELAB, CIEDE2000, CIE94 and CMC
formulae showed that the calculated color difference in lightness and chroma attributes behaved very differently and
the color image contents had some effects on the color sensation. An optimization method of color difference formulae
is proposed based on the experiment I data. The optimized formulae CIELAB(1.50:1), CIEDE2000(2.29:1), CIE94
(3.04:1) and CMC(3.38:1) perform much better than the original one and CIEDE2000(2.29:1) is the best among
the four. The optimized formulae are also tested by the experiment II data, which proves that the optimized method
proposed is accurate. simple and practical.
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Table 1 Transform function and coefficients

Parameter (C* & L")

Function Parameter (C") Parameter (L") C- -
0. 85 0.95
Vouw =kVi,
0.70 0. 85 0.92
Vou =kVi, +255(1—k) 0.95 0.95 0.92
0.98 0.65 1.02 1.05
1.02 0. 85 0. 90 0. 85
Vo =255 (V—> 1.15 1.15 0. 85 0. 90
255
1.25 1. 25
1. 30 1. 35
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Fig. 1 1SO SCID 400 images in the experiments.
(a) N2; (b) N5; (¢) N3; (d) N4; (e) N7
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Table 2 Color difference grading rules for visual

evaluation experiment

Colour perception Category
No difference 0
Just perceptible difference, which is indistinct 1
Weak difference, which is ensured to exist 2
A little obvious difference, which is acceptable 3
Obvious difference, which is not acceptable 4

Note; 1. If the difference is considered between the two

levels, a decimal could be scored, such as AV=2. 8.
Note: 2. If the difference is considered to be greater than
level 4, the score could be recorded above 4 based on the
colour sense scale, such as AV=5.5
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Fig. 2 Correlation of calculated and visual color difference
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Table 3 Parameter of fitted line of experimental data with = N3
AE; (15 1) 2 AN4
1 X NbH —
Slope Intercept R? 0 ‘ XNT7,
N2 0. 368 1.172 0. 742 0 5 ) 10 15
AE, (1:1)
N3 0. 364 1.017 0.837 ’
N 0.297 2. 192 0. 737 B4 CIE9ACL: D522 5 H B G2 (AR b
N5 0.287 1.896 0.508 Fig. 4 Correlation between AEg, (1:1) and
N7 0. 368 1. 341 0. 857 . .
visual difference
F 4 AR O 2N RYCR R L
Table 4 Performance of different color difference formulae
CIEDE2000(1:1) CIE94(1:1) CMC(1:1)
Slope Intercept R? Slope Intercept R? Slope Intercept R?
N2 0. 37 1.68 0.49 0. 27 1.92 0. 37 0.23 1.93 0. 37
N3 0.39 1.61 0.55 0. 27 1. 88 0.42 0.19 2.01 0. 38
N4 0. 37 2.19 0.78 0.28 2.34 0.67 0. 30 2.21 0.78
N5 0. 37 2.04 0.45 0.22 2. 30 0. 30 0. 34 1. 96 0.49
N7 0.39 1.98 0.56 0.28 2.23 0.42 0.22 2.33 0.39
7 7.00
6 6.00
5 = 5.00
//-.. .
N 4 N 4.00
<3 * N2 < 3.00
= N3
2 A 2.00
1 X N5 1.00
x N7 | J
0 5 10 5 20 % 2 4 6 8 10 12 14
AE_; (1:1) AE,,(1:1)
, ‘ \ ‘ 5290 Bl 2 W) B IR JE 5 C SPF
B 5 CMC(L D3R 692 5 FAL (0 2 4 3 b B 6 XBUREARARES CIELAB(L: DR

Fig. 5 Correlation between AE¢yc(1:1) and

visual color difference
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Fig. 6 Difference between lightness and chroma in

AE; (1:1)
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Table 5 Parameters of the best fitted linear equation of lightness and chroma for different color difference formulae

CIELAB(1:1) CIEDE2000(1:1) CIE94(1:1) CMC(1:1)
Slope Intercept  R* Slope Intercept  R? Slope Intercept R’ Slope Intercept  R*
C” 0. 44 1.56 0. 88 0. 85 1.52 0.91 0. 90 1.52 0.91 0. 84 1.42 0.92
L 0.29 1.48 0.72 0. 37 1.47 0.76 0. 30 1.48 0.72 0.25 1. 64 0. 68
c*/L” 1. 50 2.29 3.04 3.38
3.2 BEAXMML CIEDE2000(2. 29: 1), CIE94 (3. 04: 1) F1 CMC

R A5 7 180 A4 33 T AR B, H O 22 A g 5 (3.38: D8 25 N Ny 58 8 25 55 230 245 2R 19 A ¢
EREEITFOERABMES , RANLREAE ., NERTUES . HRERAE @20 015 W
BT R EZMEEZ G ARMAE., ¥ GECLIEARMER T W E SR E IR E 1) 2 5], 3
FYSEERERRUL, B2 AE EMEENBAELILTESE -, LR G
WG G2 E A T B R G RGN 6 R SITRNAEE T B NAEL BT E
22 00 S UK Oy R DL ST A B A UL IH IR B B 22 RO B 22 5 S PRIERGE B — 3. A
MR HOEEL N B 50285 %0 R PRAEUMAGELNSHTUEH . 2 AKX
H W 22 508 5T R a2 s HZ N % E A7 — F B A 1 355 2 K B [l 0 R R R A L
LR 6 R S NG AL ES . Wl HBIE TR RNE & MR 622 BdE KX BH A
JEUL. AT LG R A ARG B IS B AORFEAAS . XFEER 6 RISk 5 (Xt B 6 AT LUK
RER L ERREMEFEAR kB EAZELS H.aEAXMIANE LRI R R 5%
Ko HMHFERS PEEAZAXNBEMEELT WA 0, B0t A %A 2210, Ui AR
B E AR A I L E AR D B 22 AXEIE e @2 AT E A 45 RN S s Bk 45 €6 22 5
AR, s a0t A ORI IE R S AR R A RSO A & R A,
5 &P 1TEAEIR . AASASE WY B 0, 2 i A Rt T — SR AL s it e
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Table 6 Parameters of fitting lines for optimized color difference formulae

CIELAB(1.50:1) CIEDE2000(2. 29: 1) CIE94(3.04:1) CMC(3.38:1)
Slope Intercept  R? Slope Intercept  R? Slope Intercept R’ Slope Intercept R’
C” 0. 44 1. 56 0. 88 0. 86 1.51 0.91 0. 90 1.53 0.91 0. 83 1.43 0.92
L 0.43 1.48 0.72 0. 83 1. 46 0.76 0. 88 1. 47 0.72 0. 81 1.63 0. 68

MW 7~10 & A LLFEH. b5 CIELAB  50:DEEARBES HLMA LY B THE =4
(1.50: DRI EE 5 B B i in TR MBI 2 A0SR, miRbRsEr 1, 35 622 55k
R B 22 A0 vt DARFE I i oAt 3 AN W4 (822 B0 1 28 Ak Lo 491 4z i A 55
B2 5T I R — 28 H R X = A A TR A [l N T HFEMAE 2 AR A2 5 EE N
I AHC REHR = T CIELABCL.50: D, U WA R 19 25 A DGk K i Ak 5 €0 2 B30 e B8 HE 9 O 55080
BERORE BE AR WS ROCR B4, 53 4, CIELABC(LL AL IE 11~14 s, 5K 2~5 A a DLE
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CIELAB (1.50:1) calculated color difference
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Table 7 Performance of different optimized formulae for images

CIELAB(1.50:1) CIEDE2000(2. 29: 1) CIE94(3.04:1) CMC(3.38:1)
Slope Intercept  R? Slope Intercept  R? Slope Intercept R’ Slope Intercept R’
N2 0.49 1. 00 0. 88 0. 88 1.12 0. 85 0. 96 1.10 0. 85 0.82 1.19 0. 81
N3 0. 45 1. 00 0. 89 0.90 1.03 0.90 0. 96 1.01 0. 90 0. 80 1.07 0. 86
N4 0.48 1.98 0.82 0. 87 1. 85 0. 87 0. 95 1. 86 0. 85 0. 88 1. 89 0.79
N5 0.43 1.70 0.62 0. 86 1.63 0. 69 0. 84 1.72 0.63 0. 81 1.72 0. 65
N7 0.45 1.33 0.95 0. 87 1. 36 0. 96 0. 90 1. 37 0.95 0. 82 1.37 0.94
Mean 0.46 1. 40 0.83 0. 87 1. 40 0. 85 0.92 1.41 0. 84 0.83 1.45 0. 81
CV /% 5.32 27.55 1.43 22.17 5.02 23.70 3.959 21.50
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Fig. 16 Test results of CIEDE2000(2. 29:1) formula

with the data of experiment II
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Table 8 Test results of optimized formulae with experiment II's data

CIELAB(1.50:1) CIEDE2000(2. 29: 1) CIE94(3.04:1) CMC(3.38: 1)

Slope Intercept  R? Slope Intercept R? Slope Intercept R? Slope Intercept  R?
C’ 0. 37 0.94 0.93 0.70 1. 00 0.91 0.73 1.00 0.91 0.68 0.93 0.93
L 0. 36 0.94 0. 80 0.67 0. 96 0.79 0.73 0.93 0. 80 0.62 1.10 0.67
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Table 9 Test of color difference formulae with K; =2 with experiment II's data
CIELAB(2:1) CIEDE2000(2:1) CIE94(2: 1) CMC(2:1)

Slope Intercept  R? Slope Intercept  R? Slope Intercept  R? Slope Intercept  R*
C’ 0. 37 0. 94 0.93 0.70 1.01 0.91 0.73 1. 00 0.91 0.68 0. 94 0.93
L’ 0.47 0.94 0. 80 0.59 0. 96 0.79 0.48 0.94 0. 80 0. 24 0.95 0.74
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