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Optimization design of vehicle occupant restraint system based on surrogate
model update management strategy
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Abstract: [Purposes] This paper aims to explore the safety performance of a vehicle occupant
restraint system. [ Methods] An optimization design method of the vehicle occupant restraint
system based on the surrogate model update management strategy was proposed. A simulation
model of the occupant restraint system was established, and the accuracy and reliability of the

simulation model were verified. The sensitivity analysis was performed on the occupant injury
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response, and the model parameters that had a greater impact on the injury response were screened
out. The local evaluation index was used to judge whether to resample the local region of the
surrogate model, and the resampling interval was determined. The local sample points were
obtained by the optimal Latin hypercube design. Inherited Latin hypercube was employed in
sampling, so as to obtain global sample points. The local and global sample points were filtered by
the weighted Euclidean distance criterion, and the qualified sample points were added to the initial
sample space to update the surrogate model. Finally, the potential optimal solution was searched
by the intergeneration projection genetic algorithm. [ Findings] The method can reduce the injury
of the occupant and ensure the safety of the occupant while ensuring the accuracy of the surrogate
model. [Conclusions] The proposed method can efficiently solve the optimal solution of the
occupant restraint system.

Key words: occupant restraint system; sensitivity analysis; surrogate model; update management
strategy ; intergeneration projection genetic algorithm
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Table 3 Sampling interval of design variables in each iteration step
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2 [0.87, 0.88] [-0.20, =0.19] [-1.38,-1.37] [0.06, 0.07]
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Table 4 Comparison of optimized and simulated values

iviets PiEE PefefE HXHRE /%
H, 802.53 764.27 -4.77
C,, /m-s7?) 427.95 440.12 2.84
D/mm 37.60 38.40 2.13
Fo /KN 1.02 1.02 0.00
Fi/kN 1.26 1.27 0.79
W, 0.70 0.69 -1.43

RS RACE 09 B Ty Ay PR AT

Table 5 Comparison of simulated values of two methods after optimization

B bR DAL B4 SCHRI7 10 B4 5 vk ATy AR5 22/ %
H,. 863.90 802.53 -7.10
C,, Mm-s7) 419.39 427.95 2.04
D/mm 37.42 37.60 0.48
Fy /kN 1.00 1.02 2.00
Fy/kN 1.25 1.26 0.80
W, 0.73 0.70 -4.11

6 iTit

6.1 AHARIIEMNKEFESENX

HAl, KT Em A AT A B AT
WO RS E TR XA S R RAER T2 2
BRER TR, R EVREBCRZER I, 5 R,
TRZE 2SI i B Rk A o XA 45 3% [ 1 3E
A AT R T IR Bk, 38 7 T M A A AR A A
W= 4, WEE R, RIFM IR R ARAR G T H
B ki ek 2 e AR 4, IR AR T

PHLL , A HIF 5% % 36 B 249 R R G 4 Al E AT
BT, SR Akt 3fe D 2 o 3R e Y SR I A L BG5S
ALY IR FR 40 % 3 5 1 DR AP PR -
6.2 ZAMRAENMRS

A5 SCHR 3,5, 7 #8022 T AR AR A A
PR ARIR VL T 3fe 51 29 R R e AT DAk 53t 4 3 o
TR I AR RGO L R RE . (R, 550
o 17 P ) — S 7 TR 3 B 2 TR G Y I A L
A5 2 ) T B 2 R FR G Y G B AR, OF ELAF
1E kAL f# (0.89, 0.00, —1.46, 0.06) K & 5 w5 1Y 7]
AR T LR TR PR AARRLE S
BB E S HES %

F38b BRI TR 22 T B o 5y JAR
PERY S5 R 22 ek . P, s 22 F 50 i R g
% L& SR IS F A A B T AL

7 it

1) ASCESE T DA R R G5 HAAL, JF
Py FLAE5 R 5 3 T 9 Al 4 e A AT X LE IR
ST ARV A M . AW R BUE
B 07 ¥R MM A | i) 8 1 %) 3fe 5% 45 4
M P75 W R PR A, 4 AR S A fe e it e i
PNIIE =W R &

2) R T B A R AR T AR L Y R B, AR
SCHE T AL SR T A 4R R R AR T R ST T i
TN AS W I 2 o D A PN ) 22 o DU AR A R A
PSR, I AR B R D IP-GA X 3¢ 51 29 3 7%
GEMEAT AL o % 05 AN AL RE 4 i 3 B 1Y &2 A 4
B0, W BN AR 36 A, 388 Sy 2 B T 7
et AR A TR

[ 2% 3Tk ]
[1] GREENSTON M, WOOD R L, REINHART L. Clinical

significance of the seat belt sign as evidence of a

compromised occupant-seat belt relationship [J]. The
Journal of Emergency Medicine, 2019, 56 (6) : 624-

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F21 5% 6

W &5 A TR T A E 2 R0 A% R 4R R Gk ikt 95

(2]

632. DOI: 10.1016/j.jemermed.2019.01.035.

ZHANG J Y, WANG D Q, NI Y Y, et al. A two
degrees of freedom model-based optimization method
for occupant restraint systems in vehicle crash [J].
Structural and Multidisciplinary Optimization, 2019,
60: 2597-2614. DOI: 10.1007/s00158-019-02340-5.
IRERN , WA, B, 45 . 2T Kriging #5850 ) )42
BT REZ 2RI 5% TR, 2019,41
(11) :1301-1307.DOI: 10.19562/j.chinasae.qcgc.2019.
011.011.

ZHENG Jianzhou, CHEN Yousong, LYU Binbin, et al.
A study on safety performance optimization of seat
subsystem based on Kriging model [J]. Automotive
Engineering, 2019, 41 (11) : 1301-1307. DOI: 10.
19562/j.chinasae.qcge.2019.011.011.

X 2%, KT . TR A AR R 5 A T R ) T
PR AL BT[] AR VD B TR 2 2 4 ( AR BR = 1)
2021, 18 (1) 95-101. DOI: 10.19951/j. cnki.
cslgdxxbzkb.2021.01.012.

LIU Xin, ZHANG Yuanyang. Reliability-based design
optimization for vehicle structural crashworthiness
based on hybrid model [J]. Journal of Changsha
University of Science & Technology (Natural Science) ,
2021, 18 (1) 95-101. DOI: 10.19951/j. cnki.
cslgdxxbzkb.2021.01.012.

SRIETE BB  , FAR K, 45 . 6T PSO-SVR T LI A
i3 B3 2 R R Gk f P A L) ] 104 TR, 2020, 42
(4) : 462-467. DOI: 10.19562/j. chinasae. qcgc. 2020.
04.007.

ZHANG Haiyang, HU Shuaishuai, ZHOU Dayong, et al.
Robust optimization of occupant restraint system based
on PSO-SVR approximation model [J].
Engineering, 2020, 42(4) : 462-467. DOI: 10.19562/
j.chinasae.qcge.2020.04.007.

BT WU, LIRS T GWO-KRG A
BUB R 5 AR R G SRR BT D] R TR,
2021,43(6) : 870-876, 884.DOI: 10.19562/j. chinasae.
qege.2021.06.010.

GU Xianguang, GAO Menglin, WANG Xiaole, et al.
Reliability optimization design of occupant restraint
system based on GWO-KRG surrogate model [J].
Automotive Engineering, 2021, 43 (6) : 870-876,
884. DOI: 10.19562/j.chinasae.qcge.2021.06.010.

X, XUFE, A PRAe A5 T A & N AU YR

Automotive

[8]

[9]

[10]

[11]

[12]

e AR AR GMACB T[] 104 T, 2020,42(7) :
887-893.D01:10.19562/j.chinasae.qcge.2020. 07.007.
LIU Xin, LIU Xiang, ZHOU Zhenhua, et al. Design
optimization of vehicle occupant restraint system based
[yl
Engineering, 2020, 42(7) : 887-893. DOI: 10.19562/j.
chinasae.qcge.2020.07.007.

WANG Q Y, NAKASHIMA T, LAI C G, et al
Modified algorithms for fast construction of optimal
Latin-hypercube design [J]. TEEE Access, 2020, 8:
191644-191658.DOI: 10.1109/ACCESS.2020.3032122.
PANG T H, WANG Y, YANG ] F. Asymptotically
optimal maximin distance Latin-hypercube designs[J].
Metrika, 2022, 85: 405-418. DOI: 10.1007/s00184-
021-00833-2.

X WA, R4 A R TR - X MR SRR
TSR AR AR G TS AL B (T ] AR5l 5 bt
2021, 40 (20) : 240-246. DOI: 10.13465/j. cnki. jvs.
2021.20.030.

LIU Xin, CHEN De, ZHOU Zhenhua, et al.

Reliability-based design optimization for an occupant

on adaptive surrogate model Automotive

restraint system based on a probability and interval
hybrid model [J]. Journal of Vibration and Shock,
2021, 40 (20) : 240-246. DOI: 10.13465/j. cnki. jvs.
2021.20.030.

SRILAE 2R, AR, A 25 I R A B HE R A
MM BT[] K P BE TR 2 2= R (3 R B
W2 ), 2021, 18 (4) : 74-82. DOI: 10.19951/j. cnki.
cslgdxxbzkb.2021.04.011.

RONG Jianhua, LI Zhengwei, ZHAO Zhijun, et al.
Topology optimization design of frame structure
considering seismic load [J]. Journal of Changsha
University of Science & Technology (Natural Science) ,
2021, 18 (4) 74-82. DOI: 10.19951/j. cnki.
cslgdxxbzkb.2021.04.011.

TR AE KOO, A SN R I R O LT
B EAMA T T]. A 57552 ,2024,40(6) :
132-138.D0I1:10.20035/j.issn.1671-2668.2024.06.026.
WANG Yonglei, SHI Xuan, ZHANG Wenjie, et al.
Optimization analysis of excavation and support
parameters of retaining core soil in tunnel crossing fault
[J]. Highways & Automotive Applications, 2024, 40
(6) : 132-138. DOI: 10. 20035/j.issn. 1671-2668.2024.

06.026.

(RERE:F=F; K3 :XF)

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



