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Drivers’ Collision Avoidance Limit by Braking
and Steering
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Abstract: The limit of drivers’ capacity of collision avoidance
by braking and steering were analyzed in this paper based on
the charateristics of drivers’ collision avoidance manervers
and vehicle dynamics. The critical values of time—to—collision
(TTC) of these two different collision avoidance manervers
were obtained and compared. The influences of road
coefficient and overlap rate were also analyzed. The results
quantitatively show that under certain conditions such as high
relative speed, low friction coefficient, and small lateral
overlap, the collision avoidance by steering is easier than by
braking.

Key words: braking; steering; collision avoidance limit

Se i o B B & 4 ( Advanced Driver
Assistance Systems, ADAS) B K E L2 A
RIS FER2 LT SR A RN
ADAS & 4t 2 H 31 ‘B 2 #l 3l & 4 (Autonomous

RS B 2015-12—09

Emergency Braking, AEB). AEB £ % 1& Rl 18 f& B
A e i 3 0 B A T B o ok A Al 98 B ek 4 Al 4R AR
BLXRRFE D LRI YA AEB R R
RETEZS 38 5 TCHEEIT AT R A ST A A R A
RIS B2 B G e R SR R S e L R TR
A BB S 5 A HETEATT Jy (LA m) s 45 , o
WEW R NERIER G IEH, AEB RE A2 5 shBUHE
A EHI T 2R BB 5.

BB BIT SRRV, FEE2 LA T A
MFR AT I 5L AF AR R AT RN FIES R PR
BRI R AT B R E R RESRETHT
AEX T ] Bl B IR B A 1) FE B BN, T AL R R
B B A R B B Y R A 1 AT R A
By HETEPR L2 2F T X R 25 W R AR W
Wi,

TEFF & AEDB J B 205 ) k8 R AT, 75 2% i
ShFNEG ) B 7 1 e O 1) BE S, B R I ARk R B
B, A THERR R E BT, AR E R B AL T
Fhatss SR AT, DL SR S S A
For— Pl NE A M X g LR R
fETF R ER. BRI &/ AR AR 707
TAIIFST s (H AT () B A B2 4 2 T 20 5 P P o s A7
2T SRR, R A REH T
EWESIE  BEARBANER W BB R, 4
R R B TR BREZ SRR WIER
NS T B AR Bl TR I A e A 1] RS 0 B I 2
SFEBY R MIT N R B W AR B
WG A SORE 55 62 3 BLEREAT R RO X 1 3l R )
AR PR I A R IR R R e ' A, MR R B K
B2 Bl A 1) SRR 5 1 P R,

1 FIBhEEG SRS

SERfE R L0 T 2550 53 AR FR 5 Sl sh ks AT

FR(1986—) , 3B, T2 1, BHIFT 7 IR % BE MK R ZE K. E-mail: pengxililin@gmail. com

WIEE : R (1962—), B, B, W A SIW, TR 1, RFEBTRI7 M 8 EE £3) W Z 23R, E-mail: xczhu@163. com



1744 Rl ¥ k2 2 WE KRB 2B

Bus

SRy 7 A 1 2 A el B e B P R 1 ROR. IR A
TR a0, BB Bt B S . B T sh s i
R TEBTIR] 2q J5 22500 00 T S BGE E A T iR A Ak
SRIGUIBE 35 B B R B S v IE AR S
e NE LB A4 1 BT S R

HRHESCHR 6 1+ % fE B T T 28 38 B i s AT R
AR R, BUAA KT 4328 3k 53 A RE 78 40 F I &
T ) S v RE » (825 3 B B DA 3l 8 R 4 X /Y
90 A4 MMETE 0. 8g Zoda , BAWIIAA G #7253k 5
REN T AR s O S . O TR R IRVE A X
B YE 2 B 51 S BB AS IR B I R R R Sl # BE 5 4
R REAS 1 B A B K ) 3l Yl B — B T 95 %0 A
FUIShREBE/N T 20, 82 m « 573, PR M 2 ik B A
E jox=21 m e s 3,

RIEE/(m - s72)

max

0 0.5 1.0 1.5 2.0
t/s
Bl ZRAMWNTEE
Fig.1 Driver’s braking input

T BHARIER B 18] 24 BE A H0R R WA R H 3R S
AEB R 4t 1) %2 4 2 A 007 A ) 35 %5 B (braking
assist, BA)IIEE, e R SR AL T il S B R 4t vl @
AP BB 20 B/NE] 0, G BIRE 10=0. R R
— et IPTG8 B Lol A B, B4 (R4 # 1k,
ARG WIRBL R 0o, WL T SHIBE a0 =0,
AAEE RS SR R LR S B R
Su=0.1 m, BIEREEE R LT 1 =0. 8, A RS IAE
AR B R BIVBGH B X (E e = 2.

BEFARLE ONF 5.3 km » h™), EHiIE R
BB F Al B R N AR B 245 Ak, AP R L
TALSERAAEAL, R A & 0

fy = G G0 (D
J max
— 2

lfz — Vo ]maxtl/2 (2)

amx
_ 1. 5 1 2
s = Wl + F]maxtl +7amaxt2 (3)
t. = (s+ Sw) /v 4

KD~ 1y IR E B A 3h 8 2 5 i 7 22 A9

BT 5 22 A AR B A K 1 20 B 2 4 4% A 1 Bt
&S R EWH SRR ¢ A TTC(time- to-
collision) . B 2 N AFEIZE4WiwIEE T ) ¢ {H, 7T L
AR R B . W RREE F T
TR, YA G 43R 100 km » h™' B, I Z 0] 9
ZRRE0.20 s(B 2), HEE R THT,0. 20 s 2
REFH AW

5_
— B AR

0 ZIO 4IO 6IO 8IO l(I)O léO
v/(km - h~1)
2 HizhiEMIER TTC &
Fig.2 Critical TTC of collision avoidance by braking

2 FEEEGRER

Biral &7 Bertolazzi 258 W sX 45 B 50, 25
i 573 7 0 R % 1] o A I R BT P B A 4R M R AT R
R BPEAE “ B KO ) 4% % B B /N (minimum jerk)”
SNV R BUR VSRS = o o v 1 A N i B X /N
1 R AU A B B By [ AR AT Oy AT S B Y
e ) AR BT R 1 e S A I BE

AR — e, 5 R 3 BN BB AR 1k T K
WU ZEER A EAR R R/ NAETE 4 5. 2 m, 38 2. 0 m, 2R
HBFNR 100%. F5 .0 B 4 W B B o6 B9 BE B
2.5 m, B EPR/EmIER N 2. 7 m.

3 HEEBETEE

Fig.3 Collision avoidance by steering
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Fig.5 Collision avoidance constraints
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Fig.6 Trajectory of collision avoidance by steering
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