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Intelligent Prediction and Selection Method for Child Restraint Systems

Based on Deep Multilayer Perceptron
Liu Jiawen, Wang Yu, Hou Shaohan, Han Feifei, Cui Dong, Hu Botao
(CATARC (Tianjin) Automotive Engineering Research Institute Co., Ltd., Tianjin 300300)

[Abstract] The traditional development of Child Restraint System (CRS) safety relies on simulation and physical test
results, which suffers from high costs, low efficiency and obvious limitations. The paper constructes a simplified high—precision
coupled model under standard working conditions to efficiently generate training datasets. By fusing the time—domain,
frequency—domain and second—order waveform fitting features of crash pulses, an intelligent prediction model based on deep
multilayer perceptron is adopted to rapidly predict 4 core safety indicators, namely the Head Injury Criterion (HIC), head
acceleration, axial neck force and chest acceleration. Validation results on new vehicle models show that the prediction model
achieves an average accuracy of 93.3%, which can support the rapid development of CRS safety and demonstrates excellent
engineering applicability.

Key words: Passive safety, Child Restraint System (CRS), Intelligent prediction, Multilayer
perceptron, Waveform features
(31 AMER] XMESC, E55, Bems, 55 BT IR EE 22 2 IR L2 e R AR T K s 8 7 12 )], V25 TR, 2026(7):

1-8.
LIU J W, WANG Y, HOU S H, et al. Intelligent Prediction and Selection Method for Child Restraint Systems
Based on Deep Multilayer Perceptron[J]. Automotive Engineer, 2026(7): 1-8.

1 & LA R AR By 2 A U ) E S 5 1, Ry

SR AW BN 2 A VR RE oM LB SR 51 B DR AP, 25 BB

JUEE e 53 A PR F 0 A B, A mlf e = b ZEPEM LR (New Car Assessment Programme , NCAP)

Ik S s AR B AU 3 10 4, Sfe Ak BIL B 42 5 3y B E T AL E 2Y ) &R 48 (Child Restraint

JLE T AT AN LB A B FH AT NS System, CRS) A PPAS BR e, v L2 e ey 19 3 i 14
B3k 30.7%, =R AL AEDL B 421 2.3 457 L&y HEAVWEZLOFRFER.

FIEAIH R H SR TR H (25YFKFYS00250) .
WEMEE B E(1990—) 58 b N, S TR, TREAR L, BF5 O i A sh & 2RI &, hubotao@catarc.ac.cn.

2026 E7H | 1

T




XIS, A < e TR 22 )2 RONAIL Y L 28 A Ao 4 fE T K i 1 7 vk

152 CRS {5 ELIF S vy, 5 B Ak A v A 32 424 -
JUFE AR - B pa ¥ 6 A BRI 0 PR | T35 5 il
{8 A0 JLZE 00 Sl 20 I, 90 25 0 5 L A e ik
YO e )y R 2 B YA AR Rl ok I B
RS Ze il e 0 AT IR o 3K P A R 109 Sy BR P TE
T RS B - L AR N - e e 1 5 A R T B
D ) A i K it B I AR K A I [R5 B
PR Wy B 7 G B L PR 5 2R R0 A% 2 A% B
G, BRI AR . IR R IRPE R B CRS R
Jii 390 38 g ok 18 A F o LA 2 P R AR T
[

UEAEAR BRI 27 S HORTE 2 2% 3 G0 S el e
SV VT S 7 (R S A IR L
(Convolutional Neural Network , CNN) £ 5 {3 5| &b
PHATUI 2 B " K 58 1212 (Long Short—Term
Memory,LSTM)Mé%T'f:EH‘J? 5 b PRI T T 4 B
o5, XN TEIR AR 30 ) 27 R G b AT A SRR
PEAR ML T HOR AT

Han, A T8 BE (Artificial Intelligence, Al)
o0 e A 0 1 F 5T 22 AR v T R IR R G
IO BT, BT X CRS 1% REALIPAR J5 A 72 ik Ab
TEHAGB . A, AR —Fh LT 2 2 BRI
(Multi-Layer Perceptron, MLP) ) )L 2 3 R Gt 8 g
FoUI AR AY 38 3k il I SRR UEURRAE 5 B i
TE 400G AR DR 5000 A 004 28 [ L2 DR Ay 1 11
KRB AR, PR T3 AS [8] JL 28 9 A 1) 458 43 75
g1, LR Re b ) LB e p i Y

2 tRECEIESE

2% ST 2024 4 BR(C-NCAP 45 BLEL ] ) 1 Q3
JLEE AR P Y IE 18 100% B NI 1 BE FE (Front Rigid
Barrier, FRB ) filf 48 T /% FF A 5T ,EQEP,Q3 JLE R
P B AR5 R 443 PEH A A BN Sk 3 | S0
s . EATRETE R, X T Q3 JLE LY, R 7 B
32 B A Ol B R [ R, AR S )
P T 00 2R A0 0 BB, 25 5 R [R) LB A AR {) LA
5 22 2 0 4 5 45 R i ik b e A | ST TR Y
CRS 48 B A A R I 58 W0 BT T3, DAL PR A4
RN R4
21 HRETREHIREER

T AR T O A FOSR R 14 3K
UL 4220 ) 45 BB RN R SEREARAS , SC S Bk 1
F7R
2 | REIRIF

x1 HREIRFERSH

(VA=Y KSR
R iﬁ'?»'z?ﬁlfﬁ\@%“M*ﬂr\l%"?ﬁi%ﬁ/r‘/fﬂﬁﬁﬁﬁ
B
JERR S TR B 3 AR A4 A0

B2 TV AR R L B 2 i K

LARLE I 2244 BR ) D BRA

Fop BB R S B A RE AR B 10 T EAE S S8
B, ARV H ARE A 0 B 2 (B E R
SR, B AR T O A5 O AR A L L] 45
A R e AR R 2 A i LA R A I RE AR R
WA 1R,

B ArifE i 44 AR Y
22 HIREME

CRSTF AR, 22 4tk B A S SR A
B0 AR bR, HAR AR 2 7 o
%2 CRSHREMIER

PO H ks

S 2R3 ms A N EE

Bl -

SR HI5FEFR (Head Injury Criterion , HIC)
R HIRTK AT F,
i Ha B 3 ms A N

HRTAT Mk P 32 2 0P 2 06 25 ) Al 1 bk ol gk
1575 5 45 K A5 S5 VA il J8 Pk o st 1) e 81 4 B
0~120 ms. fh EIHEFT, 1 e AR K v EOE Al
FHUE T 52 B AR 5 m CH RCRAE s El0E 530S R A
SUBCRE 2 O AR R B AR 3 BIE R 95% . M
TR T BE R A BT A A 2 B R B, 2ot
Je SR A U B S AR 2 RS B 7 A T R T
ISR .

7 2024 4 B {C-NCAP & BEFL I ) Q3 JL 7 {4 4
(1) 1E TH 100% i 2 W1 BE F Al 48 100 o, AR 4l T 7%
FF R 2B Ve BT B i ARG 7 ARy o AR e T 0 4
AR5 7 AN [ S A LB PR AR AN ) 4 28 1) il
ko AT A VS L, OF BT AR i 2 R R 1R I 25
BARLE . X EHRAE IEAT TOOAL B, M B Hi s 4 Sk
FR3 ms B BUINER FE (BB EK ) A B A 3 ms &



XIS, A < e TR 22 )2 RONAIL Y L 28 A Ao 4 fE T K i 1 7 vk

I B e A R R RS DR R B A5 2 2L
P AL S REAR B 523 2%

3 BRMHFEREN

il 458 Ik i ) R T SO T ASE R A A B A
AR, N FEOr FAEH N TERAE , 5 X% O T g £
Y FEAFAE SR I . A% Gt Y I 3 0 I A 5k T )
Il 220 11 455 B GE T o0 A R P S A A L, (LR
K LK VAR 12 -5 42 0 G 4R X — e ) B R
G R PP AL o TR 005 38 2k 07 eR A
X Kk e S A A D T o 5 2 1 Dk B B A
R —2H EAT B ) B N R L S, SE B BOE
FEAE A8 e i R A

BT LR, O T80 2 S AR ik e o 25
E A RUE B A SCRIE AL E TRl I SRAAE |
WSR-S — B R AR B 2 AR S AL
3.1 EHESFE

Oh e ARG A 5 R Y B SRR, AR SO BUbK bR
ZEIf ] Sk i RE A DK AT R 3 A GBS H, )
Xf I VR I B RE R A S iR

Jhk e 5 R 1] — B o i i 3 R RSP 51
SE , S SN HLE 6 22 3 B2 W F) 596 IR 2 Jpk e
LA 2 1,0, FH p(O)FAS A 91, 55068 -

t,,,~min {t|p(t)< 0.05max ( p(t))} (1)
ok b BE B AR i TS BK b 9 R R AR,
SRR T S R B, A

E = f;| p0)| de (2)

TESE R B BL[0.0,,,] A R s Al A3 ik
iofrfeted R O B P A P SRR, S e T S B
dRON AR AR

(3)

K a,, R KA RUE, N R A 280k v DX T 9 1 2R
FE
3.2 SUEHE

B By S5 R I B o P R 5 A K e ) AR
PE B AR G, AR B 2 IR 2548 4530 T iR
Xof 30 D3 A e AT o A SR HRCA I A Tk v ) A s
SRS TR FHRIEE BURAE R BRI
FATRENE o KTl 0 32 J32 ik e b 358 91, 3 ik
R {8 L A8 e (Fast Fourier Transform , FFT) ¥ H:
o e 2 AR I, P T R R 1 S0 LA AR A

i

a. AR K TR R AE « FE 00025 A W B 5 e K
BT X8 07 49 A0 23, 0 8 (L Ay W B i e KA, 3%
TEAR T e it 7 LA s o it I AR Bl

b. W% RE i - R RS BT A TR 1977 R, /AR
AT RE K, SR AR AT E O R

c. WIS - LS A 38 St R (B A ACER 1Y AR
SRR, R WA R B e 9 4R v S 0 R ]
{8

d. AT AR - 6T RE O H — {1k S R TR B T
L RAEIR AR AR Y Sk

X LRI DT A B BB A A A A B Y
SIMETJT TR R R T R Dk v R R S 4 B g kg np
iR TR A SR 4 1 AR
33 EEIEHHIE

RTINS B FRAE, A SCHE B Jik
5B AR AR A W A AL X ik P PR A T E R
BT, 45t Z BB LG AR

25 B T B A ok e R AN 2 B B I A
AN I R LA I SRR - T B Al TR i
B A B, I T O 1L R T ] PR R 3 4 5 T R BT
I BE S AE A B , I N MR (R 2 A
70
60
50

5 )lg

i

40
30

AR (ko
S

26 4‘0 60 8‘0 l(‘)O 12‘0
] /ms
(12 4% ZE TRl ok o gl T

C A T TORE ik i 2 5 4 S 5 8 i AR TVE
W RUIE P BB e 5055 R — B BRI i, 38 1 43
Brafe 51 A s A 7 o SR, 33X B 1R Ak J7 B
W, W T K O ) % 2R AR AR AR AR AL, T A
S B4 ok e S B R SRR AR, S W) J B 1 3BT 14
Wik

Ry Y TR T AR B Dk PR SRR AR SO
BB O RIS IR L R B . KR
Ak B ARG IE 2553 R PIAS B B, S B AR AR %
B B Vg W 1 22 B B R Y I A A R BT 53 s, X R
YA 1 B ik gl T A FH B0 T 5% sR B, IO RE
2026 F E7H | 3



XIS, A < e TR 22 )2 RONAIL Y L 28 A Ao 4 fE T K i 1 7 vk

Sk RE B B A bk b BE R — B, AN 1AL 3 R

10 BB HoBE

— U ke
— RCEIERL A Bk

H5)lg
w
<3

| I
¥,=21sin’((1-1.9)25.1)
I

[ ]
[=]
T

Y,=39sin((1-26.2)/50.8)

AR A5 Cfpk o
S =)

|
(=)

w w0 @ s 10 1o
fi5F ] /ms
K3 B A s
S — BT BOR IR 5% 7 7 sREU A
T 0
5 B BOR FHIE 52 BB 5

P (0)=A, n(”“;‘”) (s)

3 A RARAL I RO e S
ppre (taplil ):ppusl (tsplil )

d dp,..
P pre | = P pos . (6)
de de T

2 p, ()R — BT B IESZ V- J7 BRALL A, @, T 0
590 o 6 — B B I 1 1 1 28 50 AR AL s A% 4 A1 ]
W1, p, ()5 B BLE L PR EL, A, v, T, 735 5
9 BB 1) R (6 2R 50 AR L i B 2 A0 FE 38 0 DA i
|22 RNt b EAe

N T BRI A Tk A R, FE AR E
T LA L o0 ]z AR bk i RS IE 52 40
5 Bk R BEAT 5 FOO L BRIE, S5 R A 4 B
D7 LTS A Y A Sk T E SRR 5K T 7S o
JRE 4y i 7 2 A R AR | WAL IXCR] | B BEAE fl Ry
AT T 44 5 B — Bk, AR SR E G, U
S I 1 917 1 V= W Ry L A = WL R ) LD PV
192 AR A

01— Jstla kb
— RCLIEZAU S Bk ok

30t
0
i
= 201

10}

b ‘ ‘ ‘ ‘ ‘ ‘
0 20 40 60 80 100 120
[} 8] /ms
(a) 38 38 3

4 | EEITBRIE

1.5

— LRk
—— XL IE A ko
1.0 |
Z
2 05|
¥
0
-0.5 : : ’ . . ‘
0 20 40 60 80 100 120
I5F (8] /ms
(b) SRR 7
or —— Ak
T B IE A Pk
« 20F
=
)
=
10}
0 20 20 60 50 100 120
5 [6] /ms
(e ) s Jon 3 Jig
B4 TG K v K I 52304 ki T 1) i 107 il 28 T
4 EeFumaEsy

A SCHE Y CRS 5 B 1000 458 78 SR FH VR B 2 )2
JEANBLIE S S PN 28 B . B R LA il B 3
R K B T AU B AR B 2 AR SRR AR N
) 25 B 0 7 L B JBE A 1 4 00 OC gk 22 4 48 b T
i, SEEZ AR 55 A
4.1 4FEEAN

Xof lf 45 ik i 2R AT R AE 4R B, A B bk o A
I 1) d 51 7 Ao 3 3 K — o I T 0L A AR A A
16 FRAE, FH XeR "R R o B804 5245 723 19 LL 4]
X5 AN R AR AU AE o i AR AR SR s i an 5% 3
Fi7R o

R B REAE 8 A A RUBE 22 5 6P A R 31 5 1) 52
M) , X A 4R rh B B R e /N R IH — A6 7 75 1A
—A1kZ[0,1]:

X_Xmin
X = X X (7)
A X O R ERE, X, I — 1S P RRE, X,

X, IRz R TR R e/ R AEL
By 2s R R IR 4E R N 28, JH YeR™ £ R .



XIS, A < e TR 22 )2 RONAIL Y L 28 A Ao 4 fE T K i 1 7 vk

R3 BNFHESETE]

ok b 1 2 3 4
FELERT ] /ms 80.000 5 85.600 8 90.499 1 94.9479
T Dk v g it /mm® - ms™ 16.778 8 16.768 7 16.534 4 16.058 6
T B2 bk A AL {E /mm - ms 02331 02181 0.2039 0.188 4
B ET 176.885 2 169.701 6 168.597 5 184.641 5
FEATR N V(B /mm - ms 123.384 9 67.0715 41.206 7 102.674 0
W g i /mm’® s ms™ 70 112.936 7 39534.248 8 37 802.960 9 58 526.694 5
By Hz 0.264 2 0.073 4 0.087 9 0.063 7
AR 6.099 1 4.143 1 4.498 8 44322
(i8] BT T 18] /ms 19.699 6 19.499 9 63.599 4 35.099 2
£ A E] /ms 85.000 4 98.079 1 110.055 6 115.787 1
— B R /mm - ms™? 0.1345 0.1338 0.2240 0.1923
— B 9] ms 27.0109 27.439 2 130.506 2 51.416 6
— B AR frad 0.484 8 0.706 7 -23.3179 2.806 3
Z B IR /mm - ms 0.333 8 03135 0.249 0 0.2615
Z B B ms 70.306 0 76.557 8 35.270 37 81.657 7
Z B AR frad 14.065 8 12.085 5 55.040 32 17.453 8
T 25 R Y [ H — 4k 2 B S 3 RBE (£75 NCAP x, x20
MRS - P e, St (10

S=S e
norm = S =S (8)
KrfreS,,, AEERITUNAE, S, .. .S, o7 5 A I 2R rh
B /N e RARL, S O R U —AR e B S TR
4.2 1REEH
TR 22 J2 ML TR R o A2 — B )2 -
IR ZE R T, BRI 3R 4 FR .

lower

*4 RESEBRAIIERZEN
=4 UEZIv T PR
HAZ
B2 1 128 LeakyReLU(a=0.1)
Btz 2 64 LeakyReLU(a=0.1)
Be )= 3 32 LeakyReLU(a=0.1)
2 28 AAEROE
TR B Rk A
H=cW X+b,)
H,=0(W,H, +b,) (9)
H,=c(W,H,+b,)
Y=rW, H,+b, [7.4)

Horh, o Sy it 85 0948 1E 4k P 59T (Leaky
Rectified Linear Unit, LeakyReLU ) 7% pREY , H %1k
KA

A a AR B BROET)Z § 1Y% A8, ol B
)2 | AR LR, b, R B2 ¢ %) O Tl £, W, R
i L2 B R R L b, i 2 0 O ) i Ol R
¥ (Reshape ) HipEAE 4 .

5% 548 1F £ P 5. (Rectified Linear Unit,
ReLU) 3 116 oFi ZUAH LE , LeakyRe LU 75 671 {8 X 3l 4 B4
U EE (2=0.1) , BRAS Z2 it ph 2200 “ LT 0], 12
FHRTERE BEAE 3 2R 245 v i) I ) AL A e 1

R G SR LG RS, 7E BT A B2 TR A L2 AY
HIENAL , B L2 IE ML R EA=0.01, LLZJZFE4ERY
J5 AT RGeS 2l T 2 M0 pR AL
B P (SN AZ R
4.3 ERNIZ%

BRI 72 P A AR L AN 5 FR o

x5 HEARE

ZH W
Ak s Adam
IR > % 0.01
it K/ (Batch Size) 32
YL 1%L (Epochs) 100
SR R =
PN ¥Rz

2026 E7H | 5



XIS, A < e TR 22 )2 RONAIL Y L 28 A Ao 4 fE T K i 1 7 vk

5 FERoW

51 RELFER

CRS 4 fiE A 20 3 2 75 Hh )45 2% pR RO 26
NP 5 Fir 7 BRI Zh40) 0 45 2K T GER B 24 20
A JE W T AR d 44 Ok AR E AR B OK SR
(<0.1) , BERDCSIL, d ISR iy A B4R IE BAT R
AL fiE

251

2.0

0 2 20 60 80 100
MIlE R
E15  CRSHEBETIMAL I Zhidii
i ¥ 77 AR 1% 2% (Root Mean Square Error,
RMSE) 348 %t % 22 (Mean Absolute Error, MAE)

A SVR B RFR A FI X GBoost B, 5 AL
(1) CRS 4 RE PO AL Y HE 475X Le 438, T AT B L fufi
FH IR Y ZREE RN IESE
fifi 5 47 28 SCHGE Y 5 3047 R S E0R AR, i
PRAS BRI T H B e v fE , S AE 4 M &
BhR Ty T AR BLUNR 7~FK 10 7N .
F7 AEEEHICITLE

i RMSE MAE R
SVR 7Y 53.4900 | 39.6732 | 0.8742
RFR 574 87.5088 | 754709 | 0.6634

XGBoost 57! 68.4437 | 555602 | 0.7941

CRS % fig P A 724
R8 ARIEBILEPRT I ms AMEETLL

52.468 0 35.909 1 0.8790

e RMSE/g | MAFE/g R
SVR 551 4203 4 3.688 0 0.814 4
RFR A4 52583 4.476 8 0.709 6
XGBoost 11 4.945 8 3.9439 0.743 1
CRSERETRIALAL | 3.6430 2.776 8 0.860 6

R9 AREBIAEBKSIXTEE

FISE 380 (RY)3 R BRE A IFA U 0 B RE o RMSEN | MAEN | K
T EE AN 6 BT SVR 5E#Y 186.364 5 | 147.9952 | 0.9546
6 CRSBEHMBERENSEMNRITE FIFHERE RFR #7 240.7347 | 2154200 | 0.9243
i ¥iEs: | RMSE MAE R XGBoost 1! 159.9033 | 146.1492 | 0.966 6
Ykt | 62.0541 | 458659 | 0.8872 CRSEFETIAES | 1522183 | 121.6397 | 0.969 7

e WIS | 524680 | 35.909 1 | 0.8790 F10 TEBEEIHRA3 ms A RMBEE b

SR ER I ms | WAL | 45945 | 3.6768 | 0.8654 FELY RMSE/g MAE/g R
B | g | 3.6430 | 27768 | 0.8606 SVR 7 44535 | 3.0833 | 07604
SIS FN YIZ4E 1 182.8949/139.573 5| 0.9566 RIR #i7 5.709 3 4.502 6 0.606 2
© | BESE | 152.2183]121.6397) 0.969 7 XGBoost Hi7 37674 | 3.0685 | 08285
B 2R3 ms | VI | 43458 | 3.2908 | 07524 CRSVHEWMBIA | 42518 | 3.0448 | 07816

ARl | g | 42518 | 30448 | 07816 Sl 4] : CRS 6 AE O B 7 HIC e 7

BRI 2 5 B0 a4 b 24 3R I MY 1R 4 1 931
M PERE , BT 46 b e A4 19 RMSE A MAE 35
NG, H RBONEE , RIBAEUR S U5, Bg
RAFriz et Hor, S50 ok o 08 i i) T 0oRs 2 o
5, R*1K.0.967 9., TN i s 2 1) RAAH X 4541 o
52 Xftbor#r

JBIE CRS Y BE F0I AR A MERE , 454 Bidl 4R
TR A, 18I0/ MR A [T 051 0000 v P 17 5
£ 7] 12 [7] 5 (Support Vector Regression, SVR) | Fi #1
FEAKEH (Random Forest Regression, RFR) A% FR A%
i $EF (Extreme Gradient Boosting , XGBoost ) 5. 15 43

6 | BR&E I &I

FF3 ms B RUINEE B SRR ) 342 A dE bRy
T AU B 3 ms A U 1) 0 A5
% 0 T XGBoost 5 5 ; RFR A& R B4 (A P fE 2 22 ; SVR
BB 55 4 a7 B M RR 3 A (R ORI
XGBoost f5Ff F RFR B AL, 75 45 # A B 5 48L& 7
T ELA O3, (HTUIDORS B 2 A 55 1 CRS %5 B Tl A%
R, CRS % A8 00 R0 ELAT B 2 1 Y0 3, Ak
PERETEFRE o
53 HREINF

R 56 UE CRS 84 Al 0 I AR 8 7 S R TR 3 55 v
Iz A RE 7, B T 50k 2 5 BRI 2R i)



XIS, A < e TR 22 )2 RONAIL Y L 28 A Ao 4 fE T K i 1 7 vk

ERA, LUIZ A RAE 56 km/h 1F [HRES T80 F 3045
P4 A5 L35 A Jok e 1o A Ay o 0 AE 3 Ry A, IR
W25 SR FLEE A TR A AT

P16 JIT 7k CRS 44 BE T 0 AE 7 X6k 4 Fofr X gk flf i
M S5 4 A Y FIOI 245 5R 5 0 E R 25 R AT H . CRS
B R YL ASE TR XoF 4% 015 B 1 I &5 SR ¥ 5 0 Bt
TG R BRI B R — 2k, Fo HIC -2 TS
FE A 91.2%, k8 B3 ms A BN B S 1 35 00 A
FE R 95.5% , S0 ER 7k 7 - Yo T INORG BE A 91.9%, M S
S 3 ms B IR - B TR RG B2 94.4%

700 —— THUE - ELYI(E
600
500 -
&)
= 400t
= o300t
X
200 F
100 {
0 ‘ ‘ ‘ ‘ ‘
1 2 3 4 5 6 7
JAE Aoy e
(a)HIC X He
£ w 807 T e A
e X .
=] Al e
= 00 N
E
KL 40 ; ‘ ‘ ‘
1 2 3 4 5 6 7
JERT 4 5
(b) 33 SR 3 ms A N Xt [
357 ) ) po-----u
—— T e
3.0t
Z  ast
L 20f
Ei% 5r e
1.0 fw-m-—==
0.5 ‘
1 2 3 4 5 6 7
JERT 4 5
() B 1% Lk
25 i i ”
£ X —e— TH -m- HAL s
m%m S
= ) ’
ﬁﬁso ______________ o
Rl
30 s
2 3 4 5 6 7

R G
(d) a5 2R 3 ms A BN S
16 CRSEBE WA R FI 45 5 05 B T35 X L

JLAE CRS 3 i 00 AR 750 54 L 0 1% 4 4 it i)
e 77, (HBERTFEAS [R1 48 Bk L A9 158 25 3 AT B AT 25 57
JE AT 2 1 4 U2 A g bn 5 0 LA R B — 80, R
AHXFIRZEAN 3.65% ; JREART 4 Y HIC BE A1 A7 29.0% ; 8
FF 1B 20058 5K 1 22 3K 29.6% . Hi A% JAE ey 15 2 1
HEHIAE 5% LA, 156 BB 8 X 38 4o P A A

fa 3z 1L RE

PE—4 & 7 XF T T CRS 2 fE 7 45 Y 1
4% R B EE R R R A . AT
5 BTSSR 74 FER 15 43 45 - 1) MAE 4 0.236
a7 RS FE R 94.1%
4.07
35
3.0F
25F
201

1.5}F
1.0
1

—— TS
-u- JEARS

5155

RS 5

17 CRSZRE TR AL TINS5 R 5 07 B3 45 2R S X b

MR Y A £ SRR, 2T CRS B RE LI A
TURF BN B 255 V20 R P 17 L0 R oo JEE — B g
T 1 1 BE AT 2 25 3451 43 4.00 53, B — B0 E hy e
DLIRERT T3 58 5 JERT 7 A 00N 5 015 B R AR 2 P de fiK, 23
BPERE RS o A R 3 AR 5 SN AR > A AE
— € e il BT AS S MR X RiT 2 4 v M B 38 Ay Y LE 1
WU, PO A A% O AT 55 B B HL 25 A5 A 1A
PSS

6 ZEFRiE

ARSCHE T ILE AR ARG eI, B
B4 B TIORS 5, O R A RS RS TAR RO, ml 7
AATAE I B HLIH 53 AR A5 v 1) 40 B
Ze AR I A B0 T TN 22 SRR F AR bR, X 2
i LB 2o R e D7 S AT A T, M 2
A T A SR FEAR T R A

[l 2% I LA A — R W R PR . — 51T,
WAz ALRE W Z IR T EA LE R, TRIFA
AR D R R 2 B 2 AR AR 52 s 22 6 e P 1 L
ni i SN R AR, ELA i S M T w5 | AT R JRE
fay , ¥ 75 BHT AL el B S O X B AT N G5 ) —
7 T B AR AR AL 5 e R AR B (8 LA A e 2
WS EEEE VR B, S BOSE BT i B PR , A
PAAE 7R P e R AR5 22 A PR RE Z W] Y N AR S . R
AN, A SOTEAE B AL T C R B R4
(9 TR S HITE , O L2 2 R R G PR T R g4l 1
AIATHBOAR AR

& % x W
[1] ABDULAZEEZ M U, ALHEFEITI M, ALHAMMADI S, et

al. Normative Knee Range of Motion for Children[J]. Life,
2025, 15(7).

2026 HE7H | 7



XIS, A < e TR 22 )2 RONAIL Y L 28 A Ao 4 fE T K i 1 7 vk

2]

(3]

(5]

(6]

(71

(8]

91

8

World Health Organization. Global Status Report on Road
Safety 2023[R]. Switzerland: World Health
Organization, 2023.

YAN K B, SHU Y, LU S S, et al. Research on Design
Method of Active Energy Absorption Device for Pedestrian

Geneva,

Classification Protection|J]. Traffic Injury Prevention, 2025,
27(2): 1-8.

HALY, R, R, GF R LE L 2R A5 S
LAVERTTE. IR, 2017(12): 54-58.

CAO L B, WU M H, WU J, et al. Structural and Safety
Research of Intelligent Child Safety Seat[J]. Automobile
Technology, 2017(12): 54-58.

i, AR ZE, BRI, F . 2T 2021 4ERR C-NCAP i L
FEAT VAN BT AR, PR, 2022(4): 31-37.
WANG C, ZOU L J, XU H Y, et al. Child Injury
Assessment & Development Strategies Based on C-NCAP
2021[J]. Automobile Technology, 2022(4): 31-37.

HAO D H, ZHANG J, QIANG Y, et al. Vibration Comfort
Evaluation of Child Safety Seat Based on Vehicle Ride
Comfort[C]// 2023 IEEE 3rd International Conference on
Electronic  Technology, Communication and Information
(ICETCI). Changchun, China: IEEE, 2023: 1705-1713.
ZUSKA A, SZUMSKA E, FREJ D. Analysis of the Impact of
a Child Seat Mounting Method on Vertical Vibrations
Affecting a Child in a Child Seat[C]/ 2020 XII
International Science=Technical Conference Automotive
Safety. Kielce, Poland: IEEE, 2020: 1-8.

FRERHE, A, ARGV, 5 . LRI BTN e B 3R
WFFE. AR, 2022(10): 44-49.

GUO Q X, WANG N, ZHU H T, et al. Study on Influencing
Factors of Dynamic Evaluation of Child Protection[J].
Automobile Technology, 2022(10): 44-49.

LAHOZ NAVARRO M, JEHLE J S, APELLANIZ P A, et

| R E=E T #E I

al. Deep Learning as a New Framework for Passive Vehicle
Safety Design Using Finite Elements Models DatalJ].
Applied Sciences, 2024, 14(20).

[10] B [ BT RE IR 42T & N & " THRIN]. b B A4,
2024-04-08(13).

ZHAO J G. The “Involution” in New Energy Vehicle
Development Intensifies[N]. China Automotive News, 2024-
04-08(13).

[11] HICHAM T, KHALIFA M, KAMAL E G, et al. Machine
and Deep Learning Applications in Industry 4.0[C]// 2023
International Conference on Technology, Engineering, and
Computing Applications (ICTECA). Semarang, Indonesia:
IEEE, 2023: 1-5.

[12] CHEN C, ZHANG D. Image Recognition Technology Based
on Deep Learning[C]/ 2024 Global Conference on
Communications and Information Technologies (GCCIT).
Bangalore, India: IEEE, 2024: 1-5.

[13] WANG J Q, LIU K, LI H T. LSTM-Based Graph Attention
Network for Vehicle Trajectory Prediction[]J].
Networks, 2024, 248.

[14] SCHWERTER J, GURTSKAIA K, ROMERO A, et al

Computer

Evaluating Tree-Based Imputation Methods as an
Alternative to MICE PMM for Drawing Inference in
Empirical Studies|[ EB/OL]. (2024-01-17) [2026—-04-09].
https://arxiv.org/abs/2401.09602.

[15] WANG S S, HUANG X H, LI J Y. Forecasting Car
Ownership in China Based on an Improved GM (1,1)-MLP
Model[C]// 2024 IEEE 4th International Conference on
Electronic Technology, Communication and Information
(ICETCI). Changchun, China: IEEE, 2024: 559-563.

(iR 8 B
R ] H 105 20264F 4 A 9 H .



