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Aesthetic Evaluation M odel of Product Form Based on Combination
Weighting Method of Game Theory
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(1. School of Design Art, Lanzhou University of Technology, Lanzhou 730050, Ching;
2. Lanzhou Institute of Physics, Lanzhou 730010, China)

ABSTRACT: The work aims to establish a comprehensive aesthetic evaluation model of product form integrating the
subjective and objective evaluation methods by the combination weighting method of game theory, so as to overcome the
limitations of the single subjective and objective evaluation method in aesthetic evaluation. Firstly, based on the existing
aesthetic index system and formula of product form, the aesthetic index values were calculated. Then, the semantic dif-
ference method was used to conduct a questionnaire survey to obtain the aesthetic evaluation value. Next, the subjective
and objective weights of each aesthetic index were calculated by the grey relational analysis method and entropy weight
method. Finally, the combination weighting method of game theory was applied to solve the comprehensive weights of the
aesthetic indexes and construct a comprehensive aesthetic evaluation model of product form. With the frontal form of the
translator as the object, the two-level progressive ranking method was used for the experimental verification of aesthetic
evaluation. According to the results, the method had good reasonableness and reliability. The aesthetic evaluation method
of product form based on the combination weighting method of game theory can quantify the beauty of product form
layout characteristics well and provide quantitative theoretical guidance for the optimal design of product form layout.
KEY WORDS: computational aesthetics, aesthetic evaluation; combination weighting method of game theory; product form
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Fig.1 Research framework

PEREA . BT AL vE T AL 2, BRI HEARYIE S TT
2, PR, SRS, BBk EE
VERRERMREA  di G ARMEEA S “ B )
ILHIAE 7 9% SD W4, 70 h-3~3, Hh-3 /733
INFEARTE SR TE, 30 Fm i B3R, Bk
F 7 T 2 1 SRR P By, T A R B SR
) EIEMNE

22 FaESEERERER

DI 20 35 25 75 ) 5 % Q0 v ) Sy SR , 20 3 32 45
PAE R P LS H PR AR AR R, AR
N FCREAE M AE B 19 AR B2 50 ™ S B A Y 224110,
Bt SN Ak, H SCHR[20] H X 4% 55 B AR
BAE R AT TR, I, ARFSEI4 S|
AEBEFebR, Mmifs 2= RIE AL IRk R, AP
B (X)), BOWBE (X)), SHRE (X3). Al
FE(Xg). B (Xs), B (Xs), BREE (X7).
AL BIE (X ). HEAREE (Xo). HLEE (X)), #
IR (Xup ). BEERE (X)), FERIFEE (Xig), 9
Z2 % (Xia) T ( Xis )o MRYE B iRFE R, 12 ] Rhino
6.0 BRI AR R MR A AR S B, IRk A =X
THAAS 2 L B (i .

23 FRESHEZSTEMRER
231 BT RICIR 3 Ak B 32 WA SK A
iz R ORI Ay i 45 38 BE R bR i 32 DA
WIESHEARLE LB R ny m, A
) o PPN EAE S %P5 -
Xo = (xo(l)vxo(z)-"'vxo(”)) (1)
DL A B 22 BE R AR (B R LLER 91 -
X, = (40, x,(2),++,x,(n))

X = (@), %,(2),--,x,(n)) )

X, =(x,D.x,(2),-x,(n)
PIA RS B4 0] 22 PHGRER R e/ NS 22535008 -

Ay, (k) = xo (k) = x, (k) )
Amin = m.inrnkin|x0(k)_xi(k)| (4)
Ay = MaX mkax|x0 (k) —x, (k)| (5)
W) Xo Xof X FEER k DREA I SCHR R KN -

_ Amin + pAmax
7(xo (k). x; (k) = ot pd (6)

K, pe(0D) WABRR, TEURE ML
FEH BT 22 0 0 AR BE | LU /o 4 SR 5
W, YEUE AN, SHESE R K A BER A, (A
U AT, X 40 BE RN T, HI0T R (S S Bt
B, PR — e (E]{E 0.5,

55 AT REAE R A IR G N -

r =%ir(xo (), (k) (7)

k=1

U — Ak B K SRR L ) 4% 26 JBE 5 A A S AL
EooR

r.
a)j = m] (8)
2
2.3.2  FETIRAGE B & AL R fiF
R R . AT AR AL

X..
x; . 9)

U ix,-,-
i=1
T A R AR AR RO (5 R (A
¢, = —ﬁZx Inx, (10)
TR SEBE AR bR A 7 R -
d; =1-¢ (11)

REGEGEIESS IRV VT

d,
- (12)

Vij

n

J=1



Maats 42

JZR, 4. FETINEH G WAGE K7™ fi b 88 LN R 37

233 FETIHZRCH G WAL LR G R

iz T FR IS 243 WA T 54 L AR bR i 42
L&

AR W, {0, 0, 0,} (=1
2, p) , M, WORSE p MIREOEHE RIS,
m NFREREIRNEL, p FRBAETIEN R A
R p=2. Wa={a,a} NEEAERE, WH
AR ) 8 RPN -

W, = 0] + a0, (13)

SET R AR g AL, AR 22/ IME o A bR
AL LA & 2B, LIARAS w, i R A
HESE A bR RN -

n
.
Z @,0, -0,
=1 2

F2 (14) SN AR AR — I SRR 2
PR

|:w1w;r wlsz :||:a1 :| |:‘01‘01T :|
T T = T (15)
w,0, 0,0, || % w,0,
RSB AE R o, « a, , FTFHTIH—fEAb B
o =a/(a+a,)
{a; =a,/(ay +a,)
A 13 & SR EFR PR I 2R3 AU
Wy=a* o +a,* o, (17)
234 R RIEELEITN
WRA4E FRD IR, i 1 RERIRI SRR,
AR B OB S RS IR AR, LK
(18), FRABA T R4 3L R E T4 3 W 3%
LLETEOE, BT T BRI R LS
HEF -
Y=aX +a,X,+a, X+ +a,X, (18)
Kb, ar~a, 730RRE R EIEVRALE R,
X=X, 3RS m ADREEFRRR, YRR RN

min (14)

(16)

3 LBITFR

BHPEPLE — PP REAS SCEL F AR S 1 WL AR F
FIHL, AT B EEIUES A R R IR R
RS A LA EAZOR, Wik, DIBIELIE
A1 SR A Gt AT A SR IS
3.1 FmEAHEEZIAMLE

WM ek WIRIEERIEIEE 90 SASFRY
FHEHLREAR , JEAR A TE T B0UA T 37 b & R aURE A B
Mo 3535 10 1% 55 ] KIVERT 90 MREAS #EAT7 7 1
18] 14 MUREHEA, 3R 100K,

FEFE AT HT 38 DA S 56 1A o S 56 f /D BN B
H

27,2

M:ZDZ

KX, M, Z, V. DRI AN, TTRER
BB 25 R AU R 2 RS — R R A SE G R
WiE Z{Eh 1.96, D{HN 0.2, X 20 AEATTSLE:,
8 VAE A 0.72, #iE SCm AR /D R 49.78 N, SEBR
P ABGERE 65 N, Hr it n 5 A, it
20 N, HAthzed: 22 A, Hifthkh4s A5 18 AL

W 14 MREEMREARYS CRBRREET NCHIE N
7 %% SD AN, AT 65 &4 PiAxt 14 4~ Ei%
PUREZAR LR P A, ISR IBCE AR R 45 B LR
A SEIRP A, WEk 2 PR,

3.2 FmESEEERTE

KEESRPR TR ARARIE, nlE 2 s, b LB
BLANFE B v 0 R A bs RIS, @ MHETCR I, ¢
(xy, yy) HICEHL, x5, yy 235 HICE ORI
Hetm SRR o ARSI GE AL BB, R 14 AN
DU BREAR B — A F bR IC R BEAT R R AR
W, WERPANEER . NBRHR: . ShRAE . RS,
iz 1 Rhino 6.0 #4252 HO8 s, JF A2 e

(19)

x1 14TEFNEESES
Tab.1 14 translator morphological samples

e B @ @ @ © © %
) = - ===
o @ 1 [
0 0 | g - Q0
Ud U @) - 0y e
e ® © (10) a 1)
O N — —
\I‘ Al
- O 0 [0 |
507 o) o
N A \__/ N L




38 T R 20234 1 H
xR2 141MBFNHEEANERAEE
Tab.2 Aesthetic value of 14 translator samples
[EZS FEFEE FEA TR
1 -0.278 -0.227
2 -0.216 0.023
3 -0.02 10 -0.143
4 -0.323 11 -0.03 g
5 -0.303 12 0.017
6 0.07 13 -0.363
7 0.187 14 -0.17
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Fig.2 Coordinate chart of the aesthetic index for calculation
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Tab.3 Aesthetic index values of 14 translator mor phological samples

i X1 Xo X3 Xy Xs Xs X7 Xg Xo Xio Xn X1z Xi3
1 0.75 0.70 0.43 1 0.66 0.31 0.5 0.49 0.51 0.38 0.75 0.5 0.38
2 0.75 0.95 0.61 0.78 0.34 0.31 0.25 0.71 0.21 0.38 0.75 0.5 0.63
3 0.58 0.85 0.66 0.65 0.74 0.55 0 0.71 0.69 0.4 04 0.4 0.8
4 0.51 0.71 0.93 0.45 0.64 0.54 0.43 0.73 0.6 0.36 0.71 0.57 0.36
5 0.85 0.79 0.89 0.69 0.3 0.25 0 0.73 0.54 0.75 0.25 0.25 0.38
6 0.70 0.73 0.82 0.58 0.8 0.3 0.2 0.71 0.83 0.7 0.6 0.6 0.7
7 0.95 0.80 0.79 0.36 0.76 0.25 0.25 0.67 041 0.69 0.63 0.25 0.63
8 0.53 0.77 0.59 0.64 0.84 0.67 0.33 0.53 0.96 0.58 0.5 0.67 0.58
9 0.49 0.84 0.51 0.93 0.46 0.25 0 0.8 0.28 0.67 0.33 0.67 0.5
10 0.55 0.77 0.47 0.69 0.6 0.31 0.25 0.61 0.33 0.5 0.25 0.23 0.63
11 0.57 0.93 0.66 0.74 0.66 0.25 0.25 0.83 0.49 0.5 0.25 0.5 0.63
12 0.54 0.72 0.45 0.81 0.78 0.3 0.2 0.66 0.7 0.6 0.4 0.6 0.5
13 0.62 0.8 0.47 0.87 0.92 0.32 0.25 0.78 0.48 0.75 0.5 0.5 0.88
14 0.7 0.8 0.79 0.63 0.96 0.25 0 0.72 0.67 0.75 0.5 0.5 0.5
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Tab.4 Subjective, objective and comprehensive
weight of each aesthetic index

KRR VAL E & WAL LR
X1 0.066 9 0.0938 0.090 7
Xz 0.078 4 01271 0.1216
X3 0.0777 0.093 6 0.091 8
Xy 0.0794 0.1058 0.102 8
Xs 0.0756 0.1009 0.098 1
Xe 0.078 6 0.0300 0.0355
X7 0.0833 0.0057 0.0144
Xs 0.0777 0.102 2 0.099 4
Xo 0.0777 0.0715 0.0721
X1o 0.061 4 0.0722 0.0709
X 0.086 0 0.0631 0.065 6
X1 0.088 5 0.057 4 0.060 9
X3 0.068 8 0.076 7 0.0758

*5 XEEXWER
Tab.5 Comparison of experimental results

L N = A O <
1 0.597 11 0.40 13 2
2 0.604 9 0.77 1
3 0.632 5 0.83 6 1
4 0.598 10 0.40 13 3
5 0.585 13 0.43 10 3
6 0.684 1 1.13 1 0
7 0.626 6 1.08 3 3
8 0.650 4 1.09 2 2
9 0.587 12 0.42 12 0
10 0.528 14 0.43 10 4
11 0.622 7 0.79 7 0
12 0.607 8 0.72 9 1
13 0.683 2 1.07 4 2
14 0.672 3 1.05 5 2
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