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A Numerical Study of Driver Kinematic Responses of the
Hybrid III and Active Human Model in Autonomous
Emergency Braking

Lihai RENY, Dangdang WANG!, Chen LI', Chengyue JIANG', Yuanzhi HU?
! Chonggqing University of Technology, Key Laboratory of Advanced Manufacture Technology for Automobile Parts, Ministry of Educa-
tion, Chongging, China
#* Email: lihai.ren@cqut.edu.cn

Abstract: In this study, two occupant models, the H-111 dummy model and Active Human Model (AHM), were
used to investigate the driver's kinematic response with or without active pretension seatbelt under autonomous
emergency braking (AEB). Firstly, a driver-restraint system model which was modified from a previous devel-
oped and validated multi-body model was employed in this study. Then, four braking simulations with an ac-
celeration pulse extracted from the referred volunteer AEB tests were conducted. The predicted displacements
of the head, shoulder, chest, pelvis and knee were selected as the interest parameters, and applied for further
comparison of the kinematic predict performance of the two occupant models. Compared with the referred
experiments, the simulations illustrated that the bio-fidelity of the AHM is higher than the Hybrid 111 model in
AEB, while the driver’s excursions could be reduced after the application of the active pretention seatbelt sig-
nificantly.
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Figure 1 Hybrid Il dummy (a) and active human model (b)
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Figure 2 Multi-rigid body seat Figure 3 Stiffness of the multi-rigid body seat
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Figure 4 Force-displacement load curve of the ACR
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FigureS Driver-restraint conditions

B 5 B R-ARAGHER

Table 1 Comparison of the space position between the H-III and AHM

R 1 H-IIF AHM Z= A Ar BXf i
S (mm)
TR AL E W (%)

H-B AHM
head to headrest 156 163 -4.3
head to B-pillar 265 248 6.9
neck to seatback 123 119 34
chest to dash 736 767 -4.0
chest to steerwheel 285 286 -0.3
hip to floor 320 316 13
knee to dash 92 89 34
arm to floor 516 513 0.6
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Figure6 Comparison of the X-direction displacements between the AHM simulation and experiment
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Figure7 Out-of-position responses of the H-III and AHM for the standard seatbelt under AEB
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Figure8 Comparison of the head and chest displacements between H-III and AHM for the standard seatbelt under emergency braking
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Table 2 Comparison of the displacements between the H-III and AHM for the standard seatbelt under emergency braking

R 2 RSN R RZAETAR T K H-II AHM BRI Lh

. AL . ]

BB X 35k o A WE (mm) W (%)
SKER_JFiC 43.1 82.6 39,5 91.6
C7_Hih 28.4 418 13.4 47.2
JA B _A 25.7 349 9.2 358
JA s _ A 27.7 25.8 -1.9 6.9
fi 3B 22.0 326 10.6 48.2
B 17.5 2.0 -15.5 -88.6
JEEIB_A ) 19.0 3.0 -16.0 -84.2
JEEE_ Ao 15.8 40 -11.8 747

3.2 EHFRREFTAR TER AR EMNE

R 3IFR 4 Frow, SRR Sl B 7508 2 4 AN B B TR 22 A 2R H-TIA AHM A8 B i i J 7
S0 FANTE LA AU T B R 7 2 58 53 (B AL & o AHX T80 22 407, 3N TR 2 A 2R H-IIIA AHM
TR 4R B A B oy ) TS A T 76.5%F0 37.9%; N A7 & 43 I BRI T 35.2%F1 62.5%.

W 5 iR, Wil am M 72 w4 H N H-IITA AHM f_ESRT-HUF BP0 B A & AR 58
247, H-ITAT AHM 1 EIRTFFR B BN TE 224 N2 R 4300 P33 R B 18.7mm 1 3.7mm. EBhTiE
AR B 0 AR T B A e A B E SR (p=0.028) , X FEEAMSELEEN (p=0.363) . Bk, E
IR LA RENE T E W ARA (p=0.042) .

Table 3 Comparison of the H-III displacements between the standard seatbelt (SB) and active pretension seatbelt (PT) under emergency
braking

3. BERHSITHERZEH (SB) MEHWERZEW (PT) H-IIHEEFALXTEL

i3 [X 35, SB PT = 5Imm Z 7%
S 43.1 135 29.6 68.7
C7_+hm] 28.4 3.4 25 88
JA s _A 25.7 5.8 19.9 77.4
Ja e 27.7 7.8 19.9 718
10m/s2 N N
i) _r [ 22.0 5.2 16.8 76.4
B 17.5 11.1 6.4 36.6
JBEHR_A ) 19.0 12.0 7 36.8
JBER_ A 15.8 10.7 5.1 323

Table 4 Comparison of the AHM displacements between the standard seatbelt (SB) and pretension seatbelt (PT) under emergency braking

4. BRI TLERZEW (SB) MEFHTRREW (PT) AHM BERBEAIXf L

Hil3h X35 SB PT # 5Imm ZER 1%

SLER R 82.6 61.3 21.3 25.8

C7_HAl 41.8 25.6 16.2 388

JRIE_Aim 34.9 26.7 8.2 235

10m/s2 V=17 ] 25.8 11.6 14.2 55.0
iRy _ e i) 326 175 15.1 46.3

i _H A 2.0 1.0 1.0 50.0

s _ A5 3.0 2.7 0.3 10.0

i ] 40 1.4 2.6 65.0
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Table 5 Comparison of the average displacements between the H-III and AHM
& 5. H-IILA AHM P73 88 et b

[X 35, SB/mm PT/mm Z£ 5 /mm p-value
LIRT 36.5 17.8 18.7 0.028
T 10.2 6.5 37 0.363
JSTEN 26.6 13.6 13 0.042

e BRI AL B AL R ME IRLE RN SR, p<<0.05.
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