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Product Color Design Method Based on PCCS Color
System and Grey Relational Analysis

CHEN Tian-yu*, XIAO Wang-qun*?
(1.School of Art and Design, Anhui University of Technology, Anhui Maanshan 243032, Ching;
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ABSTRACT: The work aims to help designers grasp the potential connection between product color attributes and user
image perception, and improve the efficiency of product color design. Multi-dimensional statistics and cluster analysis
were used to obtain representative color samples and vocabulary samples under the PCCS color system, and color seman-
tic quantification experiments were set up to obtain image ratings of color on various vocabulary scales. Based on the ob-
tained evaluation value quantitative data combined with grey relational analysis, the color design evaluation model of the
product was established in the Lab uniform color space through color transposition. Taking the two-color children's toy
car as the object for product color design practice, the constructed color design evaluation model achieved the objectives
of color screening, confirmation, evaluation and optimization of product color schemes. Combined with grey relational
analysis, the product color design evaluation model constructed under the PCCS color system can effectively improve the
color design efficiency of the product scheme, and provide an intuitive and accurate reference standard for the optimiza-
tion of the product color scheme.
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Fig.1 Semantic quantification process of color image
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Tab.1 Color sample number and RGB value
BEHT R G B |[(WE4'T R G B
v2 205 31 66 sf24 174 111 133
vil 74 163 21 d4 169 99 76
v12 0 154 85 dk10 83 86 23
v21 102 62 140 dk18 20 52 78
v23 137 44 113 dk22 66 41 68
b5 251 141 61 pl12 189 217 201
b6 251 165 47 [tg20 156 153 169
b20 113 107 182 g8 113 105 81
dp8 164 143 0| Gy85 210 210 210
dpl6 0 8 111 Gy75 182 182 182
[t16+ 82 166 191 Gy6.5 129 129 129
1t24 217 149 172 Gy3.5 82 82 82
sf6 213 159 98
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Fig.2 PCCS tone map
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Tab.2 Vocabulary sample clustering results
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Fig.3 Gravel diagram
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Tab.3 Cluster center coordinates of eight
dimensional space
Z=| ARl ARE2  ABE3 4lEF4 dEES
DIM_1 -0.045 -0.214 0.164 0.064 0.142
DIM_2 0170 -0.077 0.009 -0.130 0.158
DIM_3 0.222 -0.119 0.056 0.039 -0.174
DIM_4 -0.018 -0.018 -0.113 0.018 0.169
DIM_5 -0.085 0.055 0.029 0.052 -0.132
DIM_6 -0.045 -0.060 -0.115 0.239 -0.100
DIM_7 -0.150 0.000 0.238 —0.043 -0.052
DIM_8 0.127 0.009 0.049 -0.022 -0.192
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Fig.4 Distance between vocabulary samples and cluster center
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Fig.5 Image ratings of color samples
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Fig.6 Distribution of color samplesin color space
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Fig.7 Five groups of color schemes
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Tab.4 Lab values for five groups of color schemes

(LR s F 15 AL, a, b) Bl B(L, a, b)
1 (54, 66.9, 31.4) (43, -21.6, —6.5)
2 (53.1, -27.1, -11) (74.3,-24.3, 8)
3 (79.1, -24.1, 19.1) (65.5, —14.4, —12)
4 (94, 7.3, 4.9) (79.7, =34.8, -9)
5 (62.5,-37.1, 6.7) (69.8, —20.3, 43)




264 fu, %%

T 7

2023 4F 11 A

32 BEARKBXBEEEZRITM

W R, HERPE—GRAREE 25 4>
FEAth R AR AS G E A L I T 60 AR Lab 8
R T e, e LB E 6 AR KA
KA R BRI A% B RITE R e (n), Bl BRIT
FEREIHE N eg(n) , WX ILE DL H 43Ik
Z0 (7))

E(n) =e,(n)P, +&;(nN)R;,(n=12,---,5) (7)

PR % 1B, Jr &b FE 65 A(54, 66.9, 31.4)
8 I 3T € R A AS 5300 0 A (55.6,46.9,—2.5) Fll A (82.8,
12.1, 38.5), Fl{% B (43, —21.6, —6.5)IIf T (A FEA
531 B, (48.2, —18.4, —21.6)Fll B, (59.1, —22.4, 7).,
AKX (4) ~(5), RKIGFE A A AKEGRX
HEFE A (A A) =078, (A A)=05, @l B 5 B, fil
B, HYJIK (<K #(B,B,) =0.68, »(B,B,) =091,

P E I IR OCHR EEIRASR (6) SRIFFEMA A
3T B FEAR A S A BRI ACE R B 3R
0.61 5 0.39, @l {1 B BilfiL O AEA B, 5 By MES
PR 2Bl 0.43 5 057, 454 FREIA T
ORI A2 AR RE N E

B 435k 3,57, 3.85 5 1.79, 1.81, iHEA[HFE M
AELIE N 3.68, Al B ELIFE N 1.80, ¥
FEAESIERAR(T), 565 H L b P AR5
PR R LTEHEE . A A sl R T Rk
ORI N 2.93, [AIBIORIFIZIEIL U T Hig 4
HOEETENEROELIFHS T EBRKOER

PEENE M, (O T5 2 0 2.78, 1.98 5 2.46, (%7
% 3M227, 1885211, BT E AN 2.88, 244
5270, %% 50 293, 279 5 2.87, DI ik
PEREAR L HI KR, I H R A O Rz il s AR %R
TEHAY AN RE TR EDR, &g R WA 8.

ro(m -EE Vo e ze-mEE Ve ol xe-wmrx |
3 i 363 @33 Al 36% w33l g 2%
w #
@;2 ~ R R 32% @;o 3o ¥ &30t 13233
£14 2.8 §24 ///k——g\\\\\ 23% %%Z. -23%
P X B
5] g B ¢ S AR
MR R B & g BB BE B A =
15— 0 sl o st oo
BEHR (EPYES ORITR
a il W, A3 b . BT, B c fiftsE. 4%*2%403@%
32 ERPE 5 S el FE-BFAE |
@33 Rl 35@ Skl Rl 36 %
@;g _#,__z//\\\ 320 &30 32%
X 2. B 52.77 _\\ J
S g S =
1.5 2.0 15 20 %
T 1 2 3 4 5 T 2@§ﬁ$4 5 7
ORITR *
d PR, RIE. HER e W, f#E. EX

K8  FR SR TT R ERIE

Fig.8 Image ratings of primary and secondary colors and overall scheme
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Fig.9 Comparison of subject evaluation and calculated results
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