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Prediction model of cultural image based on DE-GWO and SVR
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Abstract: In order to more objectively and accurately quantify the relationship between cultural characteristics and
imagery, a cultural image prediction model integrating the hybrid gray wolf optimization algorithm (DE-GWO) and
support vector regression (SVR) was proposed. First, the image space of the cultural characteristics of the
Xiangtangshan Grottoes statues was constructed based on multiple sets of image vocabulary, and cultural image
cognition experiments were conducted using eye tracking technology. In doing so, with the subjects’ physiological
cognition data obtained, the one-way analysis of variance was carried out, and then the eye movement index parameter
data set of the cultural image prediction model was obtained. Secondly, the differential evolution strategy based on the
DE algorithm was introduced to make up for the problem of GWO search process stagnation. Thirdly, the improved
GWO algorithm was used to change the parameter C of the SVR model and g for optimization. Finally, the
constructed DE-GWO-SVR model was utilized to realize the prediction of cultural image cognition. In order to further

prove the generalization of the constructed model, five models including BP, ABC-SVR, and DT were involved to
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conduct comparative experiments. The results show that the proposed model could achieve a better prediction effect

on cultural image cognition.

Keywords: hybrid gray wolf optimization algorithm; support vector regression; eye tracking technology; cultural

image prediction; Xiangtangshan Grottoes statues
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Fig. 1 Hierarchical structure of gray wolves
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Table 3 Normalized Dataset of eye movement parameters

Jn B AETE

A 1 2 3 4 24 25 26 27
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48 ~1.00 ~1.00 ~1.00 ~0.89 0.62 030 032 0.42
49 037 0.05 0.14 0.10 0.24 ~0.40 047 ~0.58
24110 ~091 ~1.00 ~1.00 ~0.89 ~0.77 ~0.71 ~0.66 050
411 -0.76 ~1.00 ~1.00 ~0.50 ~0.48 ~0.40 ~0.46 ~0.50
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Hob, o NEEARUORG Z AR F 7 02~08 2
65 Xjy Xp X R ARBERT 3 AR RIRIBERL
AR SR JE R 3048 O A7 28 X s A5 2
WA, R
» P, rand(0,1) < CR or j = randn(i)
{Xi’j”, rand(0,1)> CR or j # randn(i)
Hrr, jOoNAAE @ B DNER; rand(i)e
(1,2, -, DR 4E A A LIE B bR, D NI
AMEEIYERE: XD R BEANME: UL hse Yt R
RIS CR W28 X%, CRe[0,11. 4K
SRR AE %N i BRI W WA Ve v e i Dt
BHALIER] T —A
o J o) <)
L XL ()= r(x)
Hrp, f ot BRI EIE R KL, DA AR F

(11)

i

(12)

K FEAE R 2R F) 3 N2 FRE bR B RS R IRAEE X, X
AN X 5 4% 38 LGPy 3547 58T » A 30(13) ¥ it Py 3k 4T
=t+1 FEIRIEAC, DA E S L E

Xlt+1 +X§+1 +X§+1 (13)
3

REBATEA . BT DERITES, Hit
BB R S KIEAREONIE, X, $oR .
BJa, IERER X, MO E ) AL i 58], HHT S
KU A R R SVR R EY ED ok A

F@=Y(@-a)K@.x)+b  (14)

Xt+1 _

Hoh, o fla ARk BIHET, Ha,a €[0,C].
3.3 1RBUIELER iR

Hde, AT g E I IR 3h BOPE R AR AR A
(1,01, (62,02),(x03,03), (e, v) . FeH g NS GO
MBS AR TR SRR — i, H
x=[01, X2, X3, X4, X5, X6 ], Fe T X AER s HFEAER
— IR FRPR I — A AE, yo N s HFERER
PR . BRI 300 LHIZREERT 45
.

g, FREESHAE. Bk e MRS
{E4H & 15~ DE-GWO-SVR BRI s NS5, =
VEOME S5 R vt AT B k. R DE-GWO
FERH B ENIR T C M g, YIRS
BB H O RERURSE nPop=25, H LB 4E4 nVar=2
(EART C S g), FiA T R Zuwin=0.2,
AFTHR T LR Zmax=0.8, A2 XA P=0.2, IEACIEL
Nlteration=40, L AWHENRE o RIERIREE, 15
b7 I RS H & C=2.45, g=1.48.

B Ja, P F G RN Rl A R 347 I X
ERIGUE, 45 HFEA I TION &5 SR 5 SL PR A R
WK 6 Frax. P 6 vl A, MR Pl {8 5 SEPrE
[ EARINE LR S5 T BE ) R o

R FEE S AR 32, EaR S
Frd, ¥ 2 ZWEHPA 5, 1 &), FRINE
24~26 Z 1], FATHFERSCHE GO, 4R
Wk 7 fras, HIJJ71% % (mean square error, MSE)
790.28. FEtXEEM P 5 EE Rt E st P
AT E PR R 22 AT RO AEA T A5, A 45 R
/N p=0.446>0.05, Tt WIZAALER T 2 20 H A Tl
TR EE R
3.4 1RBIMREITL

TSR EE AL B S BT IR, AT
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MKEEERNENERE, HLBRERM
GWO-SVR, ABC-SVR, PSO-SVR FIACH2 Hif#
DE-GWO-SVR #8418 Ais.

p N 7 R # A= S| I S S D s
PSO-SVR, GWO-SVR FIA SR fifi 2 1A L)
B, &N IR WA B EAt, {2 ABC-SVR #EA! i
—H TR MEHAL 3 AR, AR
DE-GWO-SVR 7EAH [RIE AR E T 128 f A 18 B
EEEN, HAEIEAR 10 (RIS T 18 0E Ik B i
ML, Ut BZAR I AR SOk G T R A R e M AR
FERCARH .

N T RFEAS FIHLAR 5 21 T8 SO = R
(s, Stk BPROFN e s 7 (decision tree,
DT) 2 AR BEAT P38, T R R L an 18] 9 P
S M VF A 4R bR 2 8 ] MSE R 38 2 0 iR 72
(mean absolute error, MAE), H[I

MSE = 15}((}'@) -»)

S =1
MAE :li|G’(s) -y, (16)
§ =1

Hr, G'(s) A% s HFERMBERTNE: y AR
AREREPRE

(15)
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Fig. 6 Model prediction effect diagram
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Fig. 7 Model prediction renderings for ordinary users
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Fig. 8 Training effects of different optimization algorithms ((a) ABC-SVR; (b) PSO-SVR; (c) GWO-SVR; (d) DE-GWO-SVR)
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Figure. 9 Comparison of model predictions

ZIBATISEFE 6 Pl dy B PO AE 5 %) B S
FrE R MSE, MAE Siz®mtE, W S.
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Table 5 Comparison of comprehensive performance
of different models

- ‘rtkﬁé#aﬁc‘ __
MSE MAE YIZRIF A (s)
GWO-SVR 0.28 0.39 70.73
ABC-SVR 0.38 1.98 269.86
PSO-SVR 0.41 1.85 204.35
AdaBoost-BP 0.69 0.73 30.15
DT 0.53 0.63 21.02
DE-GWO-SVR 0.21 0.35 75.38

HE 9 AT %, 6 o 7Y 1y RE R v A A T 2% 4
fHo B, B3R 5 vk, EHNAEE -, DE-GWO-
SVR AU T IMEAFEA ) MSE 1 MAE 43514
0.21 F1 0.35, ¥/NTHAh 5 PR, UGB AR 3L
T Y BB A% DL A vy () TR B S BN SO B RV 1)
T 7EAF DE Sy T A2 o MSE F1 MAE
W&AE ETF, WWISRA DE Sk s A A ANME, —
FERE L REWE k> GWO Sk AE S 48 T FE v =
HRREA N AR A R 1) R, A BT R A 28 (1) R Ak Tt
MARERE . 76 6 Fififidrh, DT fl AdaBoost-BP 57
TR &5 TR 2=, HERE AR 22, T IR AT A A
i T Hds 4 8> S 3 AdaBoost-BP B )32 Ak fg
J188#; 1 ABC-SVR, PSO-SVR 1 GWO-SVR
3 PRI R AE o 045 2 R T RS B IR

iz nfa ., Adaboost-BP il DT %% fi
I AV, LS DR Ry 2 P AN 5 R AT K B ik
fRAGFR; 1 DE-GWO-SVR 2 B SRR T+ T F K
&, fHA EL T GWO-SVR FE ! i 1 7 B AR
AR S AL 3 B N — AR A B n 255, 7 —

SERE P BRI T R PR 7]

PRIE, Zae 25 RTINS B SR E 1k, ARET
H AR, DE-GWO-SVR ALK B & & T-/NEE
AR AR RN T

4 LERIE

JE i AR B8 B ST ISR T % o T AN R R R AR
I RTHR Zh Ao e A, 3R — P IR A ORI
R A S # 1) & 5] 15 (DE-GWO-SVR) [f) S Ak 2 4 T
TR, 8 DE 5955 GWO AL H L3 SVR
B RSB AR 5GP, HHBHENHT
SVR A S SCAL B R P B R A 2, A R Tt
TR T /NRE AR 4 AR 2 M S R GO R BB 1 T
Wge Sy 8IS HAD SRR AT LU, BRI
LAY L TR B 5 R 1 U7 T 38 SE AF R
[ i F T DE-GWO-SVR ) 7l A 78 3 5k 9t 1k ) 2%
MBI B R VENE, BB R SR
FISH 2510, NSO SN T & W)
AR, —E R LR T U E SRR
PE 5 HERf I -

H A Z 0 78 32 ZEAE p T a0 4 g 3 B N & 11
B GANFNEE 5 SO RRAE (A (AR o 5 S B v B
T B AT AN R R ST P R ST ARE A o
L T S AR AN %R X I ) B R M e A B )
AT BE 75 0 A5 3] 25 N M X I SRR X T
R TTHEREE .
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