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Abstract: To address the difficulty of balancing safety and ride comfort, this paper proposes a new safety
model considering both factors, and introduces a corresponding early-warning braking strategy. First, the
second-order time-to-collision (TTC) model is constructed by incorporating the accelerations of both
vehicles into the classical TTC model. Then the safety distance model based on braking process analysis is
modified according to road conditions. Combining the safety and comfort requirements, the paper employs
the second-order TTC model during the warning phase, and the modified safety distance model during the
braking phase to judge dangerous states. The hierarchical AEB control system is designed, and co-simulation
and real-vehicle test platforms are built for verification. The results show that, under various test scenarios,
the proposed car-following control strategy for AEB systems successfully avoids collisions, initiates braking
without disrupting normal driving, provides warning times that give the driver ample reaction time, keeps
the minimum inter-vehicle distance after braking within a reasonable range, and achieves effective hazard

avoldance even on wet roads.

Keywords: active safety; AEB system; security models; control strategies

Wrim B H#1:2024-03-06 BIFE#A:2024-06-19 FZEEE HHEA:2024-07-12

EEWA - [FH 5 R 05 H (2021YFB2501201)

E =BT TIhiliE

B2, SR, XIR I . IR A A ETIE P AEB R G A4 RIS E ) ] R TR A4, 2025, 15(4) : 445-456.

ZHAO Huiqiang, GUO Zhiyuan, LIU Zhaobo®. A Car-Following Control Strategy for AEB Systems Balancing Safety and Comfort

[J].Chinese Journal of Automotive Engineering, 2025, 15(4):445-456.(in Chinese)



446 REIREFR

£15%

AR, REATIL S BB . N T8 e 5G
WAFFEAT B ARG, B RE BV Gl e T i
J&, AT TEANRPEE J1 . SR, R4k Rk
JEE ) [ i B i R, ik . BiF
R, T JURLIY I AT FHOR S 5k DR EA
Ml R AN TSR L i A B B A s RS
(AEB) 7] LR G M R b 25 3 53 B9 AN 2, DA K R
REARER 723 50 T 2 B 01 N R 51 R R 2SSl s

AEB R4t FE BRI e | PR
FPATE IR = F A 0 FH R BE R AR R
JRFRIFREEAR B, PSRBT B S 1 T AL AT 2
FERDIRAS, S5 B BT T S BN 408 Bl AR
At D RGN XT A TO SR A A
HER B I ARG 25 38 51 0 FW0AH, XA
PR e A 5 FIUE T B SR W AR S i

HATHETE 3 T2 R 32 50 22 4 )
[ AT 22 A R B AR A B e A [ R F2 22 5
2 A Al 1 B[] RUBE A8 S WA T 4 L B FE e
FREE 2 ML A o] ) A5 T A filf 43 ) ) TTC A28 1o
Bl $5 A [0 (51 %5 TTCi A 78 7 A1 42 3k i) B THW £
A JL, TTC AL AN TTC A 7E P 4 A % 52
JE BN ME DL R 3EAE T . THW A58 Bl /D i 42 3ol
TR, ONTRIEAE XU B RN 8 A . JF HOR DLy
G (B AR TR 3 VAT 25 AT AR o B S TR R A, RN
TR RO A 2E

A B AR DN 3 A 5 I A4S 22 T Y S R g R
JEAT R AT OGR4 i B AL
A F A Mazda i ' Honda#5i7 "'"| Berkeley
AL 12 F SeungwukMoon B 1P | SRR 4 B
FRAEAT AR HEA TR L ) PO ) sh a8, (HRZR G
% [& AEB F Gt AT FUE ) Zh#84E I 1947 42 2 Ak
Gk TR

FEMEERN b, AR P4 YBR[ AS BE TM
BEAME S THW BRI IF BB T 4 4 A 25 b 5%
(1) 3= VR GRS Wi XU . DONG Jie 55 1150 2 F e 4
RV HEAT IR & 3 2 H s iR, b &
GEAE G I AR i A TR Ol . B IS B HT 44T 3R
AXT Eh i A, XA U RN T

26X 28 3 T LA T BRI, R R 4 SR X
S BB T, EAe% N S F T Y
IEBRAS, B — AT [ A R A U B ()R
4 00 AEB ¥l R Y5 . 5 13 i 2% 10 % 420
TS B A, SEEEAE VY SR — b SR T
I RIEE 452 DR B L B0 R i Bl R e DA S IR AE R
T LT RO AT BORER: . SEVIL 4 10 25 A [ 1 Fff
ERBGWEERNE, R ETRIG-EmE R
By & N AEB B k.

IRBRE R EENTE A  E M AR
— BT R R e, PRI, BEXT H R4
TR DA BRA T 2 2 A M 55 22 i i o M LA T 0k I
TR I PR 25 Y [ R, AR SRR 1 2% i e VAT
T Y AR S U SR, Bt T o R
il R 58 SN A i BIPIRAS R R, e a4 B
R 5 5L X AEB R G0 4 = il e g 47 T
Bk .

1 ZERZEUMFELENREEE

1.1 wlifEREEE
A SO 98 X 4 Ry [R) 2 3 WG 4 9 1) il 48 JXURS: 3%
5, WE PR,

| a4 | s,
! i
q F
1 ﬁﬁﬁﬁjﬁwﬁiﬁ% D

BET Rl ARE I ) (9 2 AR (TTC) PAE 4 5
HRFF U ATIZ SRR ST R, B R R I
) R 1) A A il 4 XU K o AR

d)(
tTTC:EO (1)

et ARERESIR] 5 d, O 455 H 4 RO AR X R
B v SR

SRIMAE P A R EEFR AT I, A48 TTC AR RYXE LAY
Tl XS A T R At O, IR H GG 1A
FIRF AT B BT 2 S8 6, 0] il 488 JXU RS £14 il 3t 5¢ 8 1
AR




5 4 1 BB % BERREMMEFEER AEB RS RER T REHR 447

PRI, 79 A I 32 5 | ARG I (R, SR
By TTC BRI PEAS AT 4 T 00 R w4 IRURS: , AR 40 7 4=
AFDRT 3 JE FIREDOS Jin s 2 A 1 L AT e, A5 3 ZFr
TTCAERIAEARE T8 F o, Wk 1.

£1 AEIRTHIZHTTC

AR
AFRS i 75

—BrTTC

Vil = 0’ Arel >0

Viel > O’ Arel #0

Vi > 0, a,q =0 Irrer =

12 REHFEHER

T By R o A Y 2 AR D) 3 A S i A
S 2 B Ok Al S A RS KT o i Sl A v 7 ik
JEAR LN 2 B .

A
K3

b max

4 ‘ 4 A | 1 t
T T
4 t, t, t,

B2 #zhidiegeEEETg
e 57l 3l B g 2 B AR 3 A IR Be o, A
R S Be o, I 8] Y ZE R RO AT B S, Ao 452
94 B3 5 17 B B3 ¢, ROV il Bl B
I S Sh BE B 5 S AR R A G, T 2 Ak
BT RS RS, Bk, ARG is shtk
BRARF AT 20N, A BRE TH0T #iG 56
e S, A, k2,
#2 AETRTFHIERHZEES

CIECSESDI RIS I 5544 2l B 25
s ' 1 " VIZ
i 4 i 1k Sy =ity v, +d,
2 20y 1y
USSR, v, 1 Vel
T 4 20 S Sy = Vialy' T Evrclt2 + 2a +d,
b max
IS oL P v,?
GIERE)] S, =t + Vit + Sy + 24, +d,

Forpe v N EEGAHBE; 6, R v IR B
B B AT R AL o, Ay ] Bl i 8 R ] 3 ) 5
] 5 @y KT BB BE XA 5 d, I B
/N

RGAE R 2 W BN Z AT, F5 B B 51 AT T
B, PIUEIHC N Y ORIE 2 B R A AR 1Y SN I [
HEATRERIERAE , PR, I AU RS S, T RN

S, =8, + Vv o (2)

AR, 2 AR v (1) d5 R 3 4 o
R AEE, X R EC O HRR R B T
S R T Bh AR, RN T A 3 AR
25, KM, 7585 BT G 2 8O0 i 2l sk i
TEIE 2,

T ) i R B 3 R TC A Ik ) G G B T Y
PeBRAE, PR, ASSCRE S35 2 Sl s i) 5 R
TR LR

Ay = 1€ — 1 5 (3)
A w TG 28 g E I

R BN AT E TR, R 9 B SR,
) I P L A R SR FH i R Dk 114 i 8 B R —
Se . LREH AT LA 5B METIEE, H-6.5 m/s?
VSRt 03 2 4 B s AR I 54 2 B 2 o 1) 1 3l vsi ok
JE o A BT RN A AR BRI, ISR P R R G A T
PR £ b, ARG Im SR S B R i Y 3 A 3

a,=max{ -~ 6.5, ~ay..}o (4)

16 T J5 1 222 4 R B AR BRI J2 8 A PR T i
PERY LA |, MRS B T N G R A A [R] AT R R,
TEAS S T 25 B o he i 2 il i oK .

GBI B /N R AE R E N 1~5 m Y
B (E, SRMARYE PR 2 e 22 00 v 1, Rl T3 T
BT R A /N ERE AN AL 2 RS %
A WSS AR f LS Bk D3 S s 15 3 B985
KBE AR T RN, ARy

dy=036v,+ 14, (5)
s v, Ay B 2T 2 i BEA 3 A A ] 42



448 REIREFR

£15%

25 I DSV B ] S e R B AR 22, MELLFDRG
MR AT i i . S 7% BUH DRI TP AR S 2 35 (R
TEE ARG TO0 T SN [ i Ge i+ 28,
g GV ISR 1.36 s 7

il 3l R GUkR A I 18] 5 ) shas 45 A 06, Kk
G HE 0.1~0.2 s 22 4, BRIk, A SCHUHI 3 #%
EAE ISR 0.15 s
1.3 FEHh KA

i R A TN I AR, T —
FhLE 625 A VAT IE PRI A 7R 44T
BB BER T W TTC AR AL W7 4 400 2% 75 47 7 il 43 XL
W, il B BeR A TE 22 42 B B A A 4] Wit 17 > R X
T B A5G T B B 5 i 3l B B i D) B 2] Bk
T R R 506 T 22 A R AR AR el S S B 1
KA, BV I A S A 22 R 5 11 S S 2 A R
KR, EECRH M TTC R 8 1E 24 4 B A
RO PPARA T 42 R K o SR B A H AR S A [R) By
BeR HHEIE A 22 i AR 32 B 53 RN 75 4 e
RO R AT

T B B R FH B TTC A5 TR ] W 2 05 S 75 A7 1
flf 428 AU, 3 H5 TTCH 5 BE A7 e #, gl 3
Ji7R

A TTCHRL THSEAE
Hi b 18] trrcy

B3 AEBZZETEREK

TF) 2550 5 R
TS

F AL T 22
LfTHRE

TE G e I A Y P e, PR 4 T
LI NIRRT ) TTC RI(E L3R 3.
R3 ARAEFETHZMHTTCHE

A1/ (km/h) A5 B TTC BifE
LAATH trres > 2.6
0<v<60
T4 T 0 < trrer <26
BRATYE trres > 2.8
60 < v <100
ol 91 0 <ty <2.8

] 3l B BRI 1 22 42 [ 2 A5 78 4] W7 1 >4 SR
WO sh 2 9, 5 I R 8 B E AT HEER,
w4 Jis

T TR PR S
S5k R e

o< fEf RAME?

B4 AEBZRZHIZ0KEE

i 4 L
— B

2 4 R
Bk

T2 T IR D)3 B {EDE 0K, $RAT—BL
BB T U il Sh AR BEAT 22, AR R B fa ks
AR 4.

R4 TREETHERRLYEE

A7/ (km/h) a1 45 ) FE 1 2 B A
— 21 5h -0.7<w<0
0<v<60
% w<-0.7
— il 5 -0.6<w<0
60 < v < 100
% b ®<—0.6

EREMETT I, R TTCRCAL 322 A 3 51 i
WOAJIAA B PG S AT 4 TR fE R AL, T
L BLRE R AP I AL . LT, IR
LA AR 32 ARE O 5 A A LR AR ) A O
YR 4 TOUR G AR E , 1 T4 3 B B fat fie
Py gt TERIVEDT I, AERIE R8T i 2 1 X il
SHEE R ARLIR , DRI, AT S 0 R S IR Y
PUE /ISR, XA A0 & PR . e
PEJrn, W T ERGRIA I O | AT
I LR B TR 2 AR MR RS i, R LU SE 5 Mt
WATIh S FEh AR XS o 25 TR, A SCHY AEB
RGP RIS AT SN . rE BT RSE
F DT A — R B

2 SEREHREEIT

P R GRS B0 T A e B R BT A
il Sh IR E , I 25 R A A 1 3l T ) S BN A0
1z ZARAS A



BB % BERREMMEFEER AEB RS RER T REHR

449

5 4 1

21 EEREHEET N
R AT R AT 51 AN

IR FI— PR, BT AR 5 A7 SN

A R I A AT A A 4 |

S A | A o TR T )]
ST APEE B 0 RR P R LT

5359 [-100,0] km/h. [0,60] m FI[-8,0] m/s, 0 /

FLAHE RIS S A
7,:1Z0, N1, N2, N3, N4, N5, N6, N7, N8, N9},
72120, P1, P2, P3, P4, P5, P6, P7, P8},
7.:{Z0, N1, N2, N3, N4, N5, N6, N7},  (6)
L oy, oy, 7 WEBIES, Z0FR0; NI~N9
FRGUNEIUR; P1~P8 F/R1E/NEIIE K,
7E Matlab FOR 2 i) T 548 v R FH e 20 20 55 g 2
BRISCRN ™ SO Y S5 J 32 R A A A e 7 ) SR
Ja& FE eR B DA S 3R 8 0 RO RN RS E R, WAl S
Fl7s o

N9 " Ng N7 N6 N5 N4 N3 N2 NiZO
10— ~ 1
AR [\ \ M
\ / \ [ /\\ " |
[\ [\ | A |
/ \ [ | [
08| \ ol [V [ B
\ \ [ "u/ \ || |
\ / \ o [
\ \ .
5 o8t vy
= \ | AN \
# \ AT
041 \\ \ | [ ‘.“ \ | !
FASAY VPV
/ \ VoL |
0.2 / Vo / \ Vol 4
/ \ \/ \\ \ \ \ \‘
oL / 75@,:_;7 \ </
-100 -80 60 40 20 0
HRHEE v/ (knv/h)
Ca) NS T8 S5 IR 2 o
N7 N5 N5 N4 N3
1.0 7\\ n X
\ / \
\ / \
os || [
(. |
‘\ | |" “\
goer || [
= | | |
% | |
& \ r
0.4 \ |
| [
I L
L /A \ {
0.2 [\ ““ /
NAVAVAN
0 / Ny
8 7 6 5 4 -3 2 1 0
W E R af (m/s?)

(b) AR i 20 5 R

HAAHERE d,/m
(o) U5 ol P s ) FEE i 4
Bs5 WABHTEREERE
G54 B R AT 55 45 R SO 4R R,
W5,

RS BEEESIEN
Viel d,
Z0 P1 P2 P3 P4 P5 P6 P7 P8
Z00 N2 z0 zZ0O Z0 Z0 ZO ZO Z0O Z0
N1 N3 N2 NI N1 Z0 Z0 Z0 Z0 Z0
N2 N5 N3 N2 N2 NI Z0 Z0 Z0 Z0
N3 N6 N4 N3 N2 NI NI Z0 Z0 Z0
N4 N6 N6 N5 N4 N3 N2 NI Z0 Z0
N5 N7 N6 N6 N5 N4 N3 N2 N2 NI
N6 N7 N7 N6 N6 N5 N3 N3 N2 N2
N7 N7 N7 N7 N6 N6 N5 N4 N3 N2
N8 N7 N7 N7 N7 N7 N6 N5 N4 N3
N9 N7 N7 N7 N7 N7 N6 N6 N5 N4
20 S RO B A BB 4 th AR R, M A LG

A TSR A B, 5 30 S PR AR A
22 TREHFET

T2 ERE T PID S AT, PRUESE
ARG EA AP S SE0EE, PID S R
K6 rn. RARFRESAL (PSO) SEH PID 24
M HEE, LSRG A siibKF.

AR R, R D R

a,, (1) = K{e(t)-i—f (z)dt+Tded(t)Jo (7)
e e (e) B R B 5 S0 PR ek B R AR 2%



450 BREIEFR

£15%

y(t)
—>

B o6 PID#EHIHEIE

K,. T.. T30 el =0, R B ] B A o3
IR ] 28

KR T REE S PID BH A 2, XE
LT HE SR ] 3, FREERLEN 20, fe Ikt
UCECH 50 1 U ] ¢ 3 LR 25 err (¢) 26 % E 1 B
SIVE R R G PERE TP R s, L 130 (K
/N, BRI R i e DU o B R 15 A R e
SARPERCE /30 0.9 F10.4, B0 LRk A (E 5
W Xof B P A R A T TR, 2R %A1 2 PID 45
(=8
23 FHRFEENSIFER

PEH CarSim 2020.0 ffi4< H1 () F-Class, Sedan %
RIVE BRSO BT B R, I A G5 )
SRR SN AR A SR B

(1) MR SR

TESEPR TR R, T 32 32 S AR 30
BHT 520, AR 46T T i b B A T R h

R=%Q4ﬁ+mﬁ+%ao (8)

b FONIRBNT) s Co i S R B AR
A v YNGR s p WA U m B
Wy SNRSI T REG o MR R EE ARG a
R AR N E R

HR A A4 280 ) A i B A T A5 2 B LI AR

(%CDApvi + mgf + dma) < r

T (9)

q

iﬁmm%)
b TR BN ;i h AR RS I i N
T L s e WA RHURACR s N R
EEPER s () WIS A B A R

50 97 5 AR 5 3L Map [P £ % S WL A
AT RV AR A, 5 TR i, etk
SRR AR R U, T 7 B

WIS 100%

B7 #RIVEFEE

TE R B sk B2 A 0 R, SR R
WREEHE, A5 A IR S AL I TS R R
.

(2) Wil s Ry

B0 T SR EE R A2 N ] B e A % U s
N HATIRGE , IS R R 4 H B T

Fb=*%CDApv§*mgf* oma o (10)

B ik E AR bunic iy 4 S B DA RS
il 3l F 6RO R, W 3h ) ATk
NN

—%CDApvf - mgf — dma
P: K o (11)
b

Krb: PAKISIEGETT; K, 680 0 Fnifl s 60
JEFI HAE

& CarSim B4 rb 42 1 4= 490 LU E & 15 ) 0 3,
A5 BN RS ZE5e ) 2h B A BT 15 K 1
{H21°M 3 097.26.

3 (FERIESKFERIE

3.1 C-NCAP{FERIE

27 2021 WA EDHT 20 BFE C-NCAP H (1Y
CCRs (AjZE#f1l) FICCRm (FiZE1847T) Wik T
LA AEB F Ge 45 il MG AT O B IE, K 5t



5 4 1 BB % BERREMMEFEER AEB RS RER T REHR 451

SRR E LR 6, FIRATFR, T 3O £ 48
ﬁammﬁﬂmmz%ﬁiiﬁﬁﬁmmmm@
CCRm T A7 B4

*6 C-NCAPIMRXIFESH

T TS R
20 0 50
CCRs 30 0 50
40 0 50
30 20 30
CCRm 40 20 30
50 20 30

(1) FE %230 km/h ) CCRs JllK T2

F LA 30 km/h A 4] 4 3 B 4% T 122 0 1T A
BEfS 4, WA B N S0 m, %1 5 R ECR 0.85,
BB N 12s, (HEZERWME S s,

N ]
| — g izh
—

T /2155

0 2 1 6 8 10 12
I Ta) ¢ /s
(a)  TE/MHEhE S

504

N
(==}

MM BB d./m
g

Do
(=1

104

0 2 4 6 8 10 12
S ETRYS
(b PIEMXFFE S

& -2
3
o]
T§
B _4]
a4
S
75_
_6_
-7 . . . . . . .
0 2 4 6 8 10 12
I [) t /s
(o) FHHE

0 2 4 uq“[‘ﬂ?/s 8 10 12
(& Yk
B8 ZEZ%E 30 km/hH CCRsiX TRITEL R
O ELAE SR AT, RGEAES 3.40 s K 440 17
TE Rl 48 KU I 1) 28 3 53 e s 1, 0 i R A 4k
1.52's, 2550 51 70 2 (14 B [R)2E 17 ke B B R . Bl
RO AR AT R 2 3h, Im A shiE el
8.96 m, il shFLE2.16 s, il Bt A2 b G sk
HA-5.69 m/s*, HIZNEHRAIEE N 1.11 m, /b
FEPEAE GO, A X2 B A 1E R A T B
TR T PSS AR, R ET ISR
CCRs MK A HA R LK 7,
£®7 CCRsiXIBRTELER
FEHE/ (km/h)  BUEIKSs ARSI /m RN /m

20 1.87 5.46 1.29
30 1.52 8.96 1.11
40 1.40 13.11 1.29




452 REIRFR

£15%

(2) FEZ% 40 km/h ) CCRm I3 T-7%

42 LA 40 k/h (48] I 39 322 7 4 30 i LA 20
km/h (3 B8 5 BRAT B A9 B9 45, WTIAR I ES 9 30 m,
T B RO 0.85, DTN 15, 7 FLES
WE 9 Fiw .

1 R oo R
i — 23
i — gl
!
1
il |
i !
R i
= .
T ]
i i
5 s
i
1
1
1
|
1
N !
0 2.5 5.0 75 10,0 125 15.0
FE ¢ /s
(a)  TE/HIEE S
30
25

AR EE S d: /m

10

0 -
0 2.5 5.0 7.5 10.0 12.5 15.0
1) ¢ /s
(b) P ZEAHAT i g
401
351
<
£
<301
ol
§ 251
H
20 1
15+— T T T T T T
0 2.5 5.0 7.5 10.0 12.5 15.0
I IE] ¢ /s
(o) FHHH

Wk a/ (m/s?)

0 2.5 5.0 7.5 0.0 12.5  15.0
A ¢ /s

(& G g [

B9 FEZF40 km/hB CCRmiiIX TRHELE R

HI U6 ) 220 7 22 U g R S ATk, 2.84 s )5
RO R MPUE, WENK N 1.36 s, E4EITIREI5)
B A9 A X B 250 6.68 m, il #5452 1.88 s, il B
) D B W1 R —4.24 m/s?, il sl 48 o %) BR 4 B
K218 m, TEAFEHN, RefRREAT 4% 2tk
JEL 2 B 3

CCRm M7 5 A7l A5 R WK 8.

#8 CCRmliXH=FELER

FEMAE/(km/h) TR s I AURIZNEEE /m MR /m

30 1.75 4.51 2.84
40 1.36 6.68 2.18
50 1.36 10.15 1.87

t E A EAS SR T, AR SCHY AEB 2R 48 45 il
T B 7E 4238 C-NCAP i 3% 5t F S5 3R )k s
M B A T O R e A AR, o SR 1 ] S iR
BRI B SR AR, REIRBR T L A, TR
R AE 1.36~1.87 s Z ], BRI 51 R 51
JOE I TE] o N e A e & R AR 1.11~2.84 m Z [H]
NGt Bl Sh TP g 5LIE E A, WS iE
FEIEATROR, H BRI
32 IREREAERIE

YIRS SC AEB £ 4 45 i) SR i A AN [8] 5 T8 4%
PR RIS R, BRI 423 3 R 30 km/h (1) CCRs
IR T LR B R 500 0.5 B9 W 6 i b gk A7 0 20
5, 25 WE 10 iR .



%48 BoR & BEEREUMETIEEN AEB RS REEHI KRR R 453
} — VB R B sl 2] e R E RO 0.85 1T
B MR TR AT 0.36 s, i ShEE B N 2.89 m, il
SEMEMEH 1.1 m¥E 225 m, #Hlshd B
o NN N N 2
e TVEGE B WA RAIG . X SR B A I AEB R GLREAR
§ YA ] B 180 S5 A AT R L, DA R Y U B T A o
= K
33 FRERBEELEWIE
0 PR ZeNEE, ACHAESLE FRIE
0 ’ L e 0w AEB Z2 845 il 76 W 10 P58 43, il sl 403 i B
(a) TREMHIEES FEHUE. R 11 s
50 — T
- AR
40
-S 30
e
E%ZO
10
E11 REE
0 0 2 4 ‘ 6 8 10 12
WAL /5 S % A5 s AT AR UE JT/T 883—2014 (&iz
(b) PRI AT I I TS R G R BR FHA R Iy 1) HE
—— YA kI T . 4w A 72 km/h, BT 4
. B ik, WIEGEE R 150 m, ST AR S AN 12 B
A25 ZT—\‘O
\:%20 w04 T 1
@15 140
ﬁlo 120
H S 100
0 g 60 — HIXEEE )
0 2 1 6 8 0 12 407 777 S \\
ff 1 ¢ /s 20
(o) TR 0 - s T " r z 0
B ¢ /s
! (a)  SLZEIRBG T 55 5 A X B B
0 I e 1
,\71 80
o
3 260
! %40 a%l
53 &
-5 ! #Ho | — e
v 204 - WIEEE
=61 — emmm
--- TR
i 2 i 6 8 10 12 0 z - - T " : - 0
ISFA] ¢ /s It /s
(d) YTk (b)  SEAE R T (5 5 5 1 7
E10 FZFE30km/hHI CCRsIBBHREMX TRBHELR B12 ZTHEMELWER



454 REIREFR

£15%

BCEARRNK T AL BEAT 05 B, S5 5Ran1Al 13
B

160 — xR
—--= Rl

-2l
i — ZYHE)

—
S
o

—
IS
(=}

iy
l

[

IR BB do/m
E
s /2

>
(=)

Do
S

T T \ T T T '0
0 5 10 15 20
B[] ¢/s
(@) i BRI T/ 3 A5 5 S AN PR S

(=}

— !
--- TEES

]
— 2RI

80 1

[o2)
(=}

F4EE v/ (km/h)
S
T/ EhiES

Do
S

0 5 10 15 20
TRV

(b) {7 RIS TR/ 315 5 5 4
E13 FERAEER

A S AR 0 245 0T AT, R GETE G AT Bl A
4.65 s FFUf 0T 25 B B3 A7 W0, M 32 4R B Ol
71.93 km/h, PIAAHRXTIE RS A 57.62 m, B2 50 51
AT R RS . PO LA AT, TEAR
4.72 s B R GEHF IR X2 3 51 % U, TUE R G AH
XTHE B8 55.61 m, FiUERFLE 0.96 s Ja RG]
FAHATH B

S %3k (References)

(1] %, WIZEZ T A BRITHIE R L 4 B By s Rl
O E [T AL EL,2019,36(11) : 110-113.
SHI Ying, GANG Xianyue. Simulation of Anti-Rear-End
Collision of Lightweight Vehicle Body Based on Finite
Element Method [J]. Computer Simulation, 2019, 36
(11):110-113.(in Chinese)

ZIR, LA R P A A | T
V) FRIURE X B 5 55 07 B 96 45 SR 22 i) F a0 22 /N T
5%, AT LLIA R 92 AR 4 21 5 0 B 00 45 L 3 AR
— &, i B b Ryl B 2 2 R 36.41 m, il
it FRAFEE 3.36 s, AL 1.47 m, BE#E AL
B LA B I ISR . IR g R T
M, ARSCH AEB Z 40 B A4S ) SR W 2 Y AT AL R
REPR AT -2 4.

4 &R

ASCNEEE B T N AT L s g
FRETER AR R, B B TTC BER & IE 42 4 i
BIBGHEATRG a2 P ATl PR Y
AR, BT AEB AR A EG RS, TR
EHIHS Sk 7R PID B, 45617 4R E8M5 B
PR AR B B, JE A B ) A AR A S B X A A B Bl
IR R R . #4 # PreScan/CarSim/Simulink B4 15
VP B 56, R0 TN B4
SCHY IR TE I B SRR . C-NCAP R 5t i 1
LURRMW], AR HEWE FE CCRs Al CCRm i3
S YA [R]85 R S i S B A 1) /A 2l A
R, BUENKAE1.36~1.87 sZIR], 235 A L1
IF[R) AR A T RE RS A, 042 22 H] Y de /N BEAE 111~
284 mZfal, ANexPR4EE I K5 e 1E BGE AT AR
T 1 B T 37 S 0 A SRR B, AR SRR R
WS FIE 0865 TR 2% 1 P 008 R A7 A I TR, T B
TR A 0% Fof 220 5 i S o S R s 40 B s, il sl
o o SR 94 e Rl A i A, LA e )
PEo S EE R, ARSI $5 ] S M RETE S B
A7 s ol R o S s S R R A AR XU - A R X 225 ik
HEFTTVES, AR S mlf A S A

[2] &SR, ® ik, R, % A Batzh ARGt &
TER B BFFE [T ] BT, 2020,37(2) : 32-38.
SONG Zhigiang, CAO Libo, WU Jun, et al. Research on
Development and Application of Test Equipment for
Automatic Emergency Braking System [J]. Machine
Design,2020,37(2):32-38.(in Chinese)



$48

BB % BERREMMEFEER AEB RS RER T REHR

455

(3]

(4]

[10]

(11]

[12]

[13]

= S . B B 23 (AEB) HOR AT 58 5 i
[V ARA 24 SRR, 2019, 10(1) 1 1-15.

HE Ren, FENG Haipeng. Research and Progress of
Automatic Emergency Braking (AEB) Technology [J].
Journal of Automotive Safety and Energy, 2019, 10(1) :
1-15.(in Chinese)

ZRFR L BUERING , X) TLE  AE R T BB 2 B AT o R
TEAY FE R AG 5L LT . R P R 2 4 CH AR B2 1D
2014,42(1):109-114.

LI Lin, HE Jinpeng, LIU Weiguo, et al. Based on Driver’ s
Emergency Braking Behavior Characteristics of the Risk
Estimation Algorithm [J]. Journal of Tongji University
(Natural Science Edition) , 2014, 42 (1) : 109-114. (in
Chinese)

LG B AT RNV, A5 BT B DURRE Y 32 3 ke
Sy 9 B R 5 R[] R 4 TR, 2019, 41 (3) -
298-306.

HU Yuanzhi, YANG Xicun, LIU Xi, et al. Active Hedging
Stage Braking Strategy and Verification Based on Driver
Characteristics [J]. Automotive Engineering, 2019, 41
(3):298-306.(in Chinese)

HAYWARD J C.Near-Miss Determination Through Use
of a Scale of Danger [J]. Highway Research Record,
1972,38(4) :24-34.

FANCHER P, BAREKET Z, ERVIN R.Human-Centered
Design of an ACC-with-Braking and Forward-Crash-
Warning System [J]. Vehicle System Dynamics, 2001, 36
(2-3):203-223.

MILANES V, PEREZ J, GODOY J, et al. A Fuzzy Aid
Rear-End Collision Warning/Avoidance System [J].
Expert Systems with Applications, 2012, 39 (10) : 9097-
9107.

T, Z e ARG . A 3h 2 B v 3 (R B
WRRHIE L] 3T 2858 , 2019, 17(3) : 96-104.

XING Huining, QIN Hua, NIU Jianwei. Characteristics of
Drivers’ Information Requirements in Autonomous Vehicles
[J]. Urban Transportation, 2019, 17 (3) : 96-104. (in
Chinese)

DOI A, BUTSUEN T, NIIBE T, et al. Development of a
Rear-End Collision Avoidance System with Automatic
Brake Control[J ].JSAE Review, 1994, 15(4) : 335-340.
FUJITA Y, AKUZAWA K, SATO M.Radar Brake System
[J].JSAE Review, 1995,16(2):95-101.

SEILER P, SONG B, HEDRICK J K.Development of a
Collision Avoidance System [J]. Neurosurgery, 1998, 46
(2):492.

MOON S W M, YI K S. Human Driving Data-Based

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Design of a Vehicle Adaptive Cruise Control Algorithm
[J].Vehicle System Dynamics,2008,46(8) :661-690.
RV BLR A Bk T AR R IR
S0 U AR KU AR [T]. v [ 28 o7 41, 2020, 33 (4)
169-181.

ZHU Xichan, WEI Haozhou, MA Zhixiong. Potential
Risk Assessment of Car Following Scenarios Based on
Natural Driving Data [J].China Journal of Highway and
Transportation,2020,33(4) : 169-181.(in Chinese)
DONG lJie, CHU Liang.Coupling Safety Distance Model
for Vehicle Active Collision Avoidance System[C ]/SAE
Technical Papers,2019-01-0130,2019.

KPR, A SEpk , AR IBE 0, 45 R T 00 1R 14 22 4 B A
HI[T] B HAR 5 T, 2020,20(32) : 13431-13438.
LIU Zhuang, ZHU Maotao, XU Xiaoming, et al. Safety
Distance Model Based on Condition Recognition [J].
Science Technology and Engineering, 2020, 20 (32) :
13431-13438.(in Chinese)

Ea A RO, S IR T2 TR B Bl R A
GHEEIE WSS R S AR AR o8 RS R P2 NN
2021 (3):60-64.

WANG Quan, YANG lJiejun, ZHOU Yanhui, et al.
Research on Automatic Emergency Braking System and
Its Control Strategy Based on Full Working Condition
Model [J]. Control and Information Technology, 2021
(3):60-64.(in Chinese)

SEAF- )RR B, Sl . 2 i i TR ke S R R 42 R 0
F 3 B 2l sh RGBT ] LA e i (A AR B
fi2),2022,37(1):69-75.

WU Zhenping, XIANG Tieming, WU Wubhe. Design of
Automatic Emergency Braking System Considering Road
Slope and Friction Coefficient [J]. Journal of Jiujiang
University (Natural Science) , 2022, 37 (1) : 69-75. (in
Chinese)

SEVIL A O, CANEVI M, SOYLEMEZ M T, et al.
Development of an Adaptive Autonomous Emergency
Braking System Based on Road Friction [C]J/11th
International Conference on Electrical and Electronics
Engineering (ELECO) ,Nov. 28-30,2019, Bursa, Turkey.
Piscataway NJ:IEEE,c2019:815-819.

ZHAO Y Q,MIYAHARA T, MIZUNO K, et al. Analysis
of Car Driver Responses to Avoid Car-to-Cyclist
Perpendicular Collisions Based on Drive Recorder Data
and Driving Simulator Experiments [J]. Accident
Analysis & Prevention, 2021,150:105862.1-105862.11.
FHEPE AR, KR A T RE Bk B
AEB P 5Rm [V ], A a5l Kol , 2021,45(6) : 77—



456

REIREFR

£15%

[22]

86,93.

XIN Jiageng, YANG Fuyu, ZHANG Baodi, et al. AEB
Control Strategy for Electric Vehicles Based on Fusion
Algorithm [J].Beijing Jiaotong University,2021,45(6) :
77-86,93.(in Chinese)

S, ARV G-, 5 BT A AR MR 1 FE B T
FSLAFSE [T ]9 7E T, 2017,39(8) :907-914.

WU Bin,ZHU Xichan, SHEN Jianping, et al.A Study on

Risk Assessment Algorithm Based on Natural Driving

EEEN

Boxim (1980-), 5, WLfiE A,
T, RPCTARRIN, RS 1 VR
il S REfL A

E-mail: zhaohuiqiang@chinafastgear.com

[23]

Data[ J].Automotive Engineering,2017,39(8) :907-914.
(in Chinese)

R, R VU, TG 2 0 B3 A LS A fE B T 0L
{14 ) Bh S5z 7 R[] (7). 73 4 T L 2014, 36 (10) : 1225-
1229,1253.

LI Lin, ZHU Xichan, MA Zhixiong. Driver Brake
Reaction Time Under Real Traffic Risk Scenarios [J].
Automotive Engineering, 2014, 36 (10) : 1225-1229,
1253.(in Chinese)

BIEEE

BEGE (2000-), H, WHRMEAEA, Bt
WHFELE, FEWFTT 0 A S e F A E
(DASFEAL

E-mail: 973166148@qq.com



