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Effects of Autonomous Emergency Braking on Brain Injury of
Pediatric Occupants in Buses
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Abstract. Objective To study the effect of autonomous emergency braking ( AEB) on brain injury of pediatric
occupants in buses. Methods The bus AEB test scene was developed by using Prescan software. The
deceleration curve under the bus AEB condition at initial speed of 60 km/h was obtained by the simulation
method. Based on the validated finite element ( FE) bus model and the mixed FE model of a 6-year-old child with
detailed anatomic head structure, four typical seating positions in the bus were selected, and the head injury of
pediatric occupants seated in these positions with and without AEB conditions was simulated with LS-DYNA
software. The craniocerebral injury of pediatric occupants was analyzed by using HIC,; of pediatric occupants,
pressure at gray matter of the brain, von Mises stress and shear stress of brain tissues as the injury evaluation
indicators. Results In simulation test of each group, when the baffle was set in front of Positions 1 and 2, the
pressure at gray matter of the brain for pediatric occupants exceeded its injury threshold, while various injury
indicators of pediatric occupants at other positions were far smaller than the corresponding injury thresholds.
Conclusions The AEB can effectively reduce head impact injury severity of pediatric occupants in buses. The
pediatric occupants at Position 3 in the bus are prone to a higher impact head injury risk. The billboard baffle set
at Positions 1 and 2 in the bus can increase the head injury risk of pediatric occupants.
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Fig.1 Mixed finite element model of the 6-year-old child
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Fig. 2 Selection for typical positions of pediatric occupants in
the bus
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Fig.3 Emergency braking acceleration curve
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Fig.4 Motion process of children in each test (a) With autonomous emergency braking, (b) Without

autonomous emergency braking
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Tab.2 Index at peak time in each test

PNV PN/ AN AT
Sty HICs  Abgdii AAXHEM von Mises  PIN J1/

IEE/kPa fiJk/kPa [ J)/kPa kPa
Al 167. 1 13.8 -16.1 0.9 0.5
Bl 176. 1 57.1 -51.5 2.7 1.6
A2 286.2 166. 6 -103.8 1.7 1.0
B2 340.8 204.3 -141.9 4.7 2.7
A3 168.7 23.3 -22.6 1.2 0.7
B3 173.8 55.4 -28.5 1.8 1.1
A4 313.6 207.2 -124.0 1.9 1.1
B4 430.8 250.5 -130.3 2.4 1.4
A5 174.9 209.7 -225.6 1.4 0.8
B5 185.2 297.8 -368. 6 1.9 1.1
A6 178.1 60. 1 -71.2 2.7 1.6
B6 182.4 113.2 -87.5 2.7 1.7
A7 167.3 62.4 -57.0 1.7 1.0
B7 170. 6 85.8 -71.9 4.3 2.5
A8 167.8 91.5 -85.8 0.9 0.6
B8 168.5 102. 1 -89.3 1.5 0.8
HR{E 700 195.5 -196. 8 6/15/38 6.0/7.8/10




EithiE, % B3RS ARERILES R ERNR G0

CUI Shihai, et al. Effects of Autonomous Emergency Bra

king on Brain Injury of Pediatric Occupants in Buses 1245

Al A2 A3
0.015; — R 1E K& 0.20
£ oorol - XN £
= =
= 2 0.10
= 0005 S
= ol N 2 o= \
-0005[ i, = P pred, A
é—o.om -fs'.?v iy é—o.lo o é—o,os i
R-0015 2 i 2 i
- -0200 ™ ~0.15
0.0200~51702 03 04 05 06 0 010203040506 0% 0102030405 06 0 01 02 03 04 05 0.6
B /s i 6 /s i 18] /s B 8] /s
A5 A6 A7 A8
o 025 0.08 o 0.10
s s
5018 004 5 006
g 0.05 S 0.02
: Olee ’ o! <y
§~0.05 ;.Efo,oz il ™
§~0.15 ~0.04 E—o% | :
02557 02 03 04 0% o1 02 03 04 9% o1 02 03 04 % 671 02 03 04 05
I} [8)/s B} 8l /s i} 8] /s B E)/s
(a) HHEE2HI3)
Bl B2 B3
o 006 o 006 s 0
§ 0.04 _% 0.04 E 0.
Hﬂﬂ 0.02 g 0.02 g 0.
L oy SR ofr, &
X 002 X X
£ £002 2 o1 i
K -0.04 K™
-0.04
006565702 03 04 0506 20 0102 03 04 05 06 0 0T020304050607 20 01020304050607
B 18 /s B 1E) /s B 1E) /s B 18] /s
BS B6 B7 BS
L 03 B
[a¥) [a¥
= =
R 0.1 R
H [ HA
& . 8]
HE(—OAl \.“‘7 % n/),
é % é T "/ium,nw!
H
K-03 ! K
0 01 02 03 04 0 01 02 03 04 0 01 02 03 02 %01 02 03 02 os
B /s B /s B 18)/s B 8] /s
(b) T HBNESHIZ
B 5 FAIRE KK E S s

Fig.5 Pressure curves of gray matter of the brain in each test

emergency braking
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