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Abstract: Aiming at the control of electronic stability control system(ESC)which can enhance the handling
stability in limited condition,the hierarchical control structure control strategy of ESC including main-loop
and servo-loop is proposed. The first order sliding mode control is used in the main-loop and the sliding
mode plane and control law are designed. The output of main-loop is the accessional yaw-moment. The
nine-points with five states control which can approximately simulate human thinking is used in the servo-
loop. The brake pressure is controlled by the servo-loop aiming at the desired slip rate and the accessional
yaw-moment is generated by brake force. The driver-in-the-loop simulation bench is designed and the online
test of the control strategy is carried on. The test results indicate that the handling stability and active
safety are enhanced remarkably by the ESC control strategy in the drive condition of low adhesion road and
driver handling vehicles immoderately, and the testing facticity and the pertinency of developed control
strategy are improved by the driver-in-the-loop simulation.

Key words: advanced vehicle control systems; dynamic systems; electronic stability control; hierarchical

control structure; sliding mode control; driver-in-the-loop simulation

W #s B #8:2012-03-11

BB BHEKHABEEIIH (51005017)

EH BN 3N (1981 . 5 i BN g 2 RO B R R S sSE  EA.
FARBTERRN L, FENE W) ) R R G 8 1 ST, (E-mail) wangwd0430@163. com,



http://gks.cqu.edu.cn

20 TRKFFR

% 35 &

ML T F& %€ 95 1 & 4t (electronic stability control
system, fij B ESC) J& 78 4= fiAs & P 1 B8 70 B Be it |
P B E IR AR 2E Sh AT 1 B BT B4 s
S AR RS R B A ] B A AR ROk
W25 T ) e o) TR O 3 4 o o 2 ) K B ) e
Bl B IC AR R R T A R s
3l MRIE TR 4 B B 1 DA 20 228 90 4R AR TT
ESC 1y #F 58 32 ¥ i 154 8 %2 4 3 il OF 2 1Y
ot

B TR e e S R AL S )y K2
— b J& BB R ) g 45 ) (direct yaw-moment
control, & DYC) , J& i i 1ok ok 42 42 40 22 45 Ml 42 %
O 1w ) Bh g BBK B T )R 0 AR G ) g Y 2% S
PR A B R R AR T R D DA R 4 A B R s
g5 Mz g, 3 b J7 RS EE R T 20
2 90 4EALH) 0 A 2% % Shibahata XJ 245 B 0l 4 £
H&EWiz e B AR R IR .
A R DL DYC #2617 XJF & T ESP &4, Jf
JL T M 52 BT RRLAS =l Ak Y Yoshioka
AR R R ] T VDC o, £ B3R W T B4R ] L
PID 8 ] % 4 428 0 5 HAT 5 0 1) 8 4 1 5 T A4
0T 4 By 25548 | % D N 2 R A5 AR b BB A 800 S 45
Jir it 19 B IRk 43 5 % . Mokhiamar SR H i 06 45 1
PRI WFSE T ) B 1) o T 5 42 )RR 422 A R
Wz r VDC 5 75 20, 9F e 7 A /T Ml 1)
B B4R d P RE . wh E Park 0158 7 VDC |y
PR 5 H0 LA PR o) A A O 5 5 E AR LA ZE
S R 1) g 2 2% 7 A A R A3 ) O ) S
AR ) SR LUR A 5O 0 i A R 32 A 3R A DR iR
AR R FH TS5 0 5 A 45 25 4 L G o i 5 4
il A A2 7 1) A A | RS 1 IS A ) o Bl L A S 4
Hh R M RS B A A ) B e T R 42 ) A LA AR
Fr iz shka et . BN g SRR | Rl sgE K
O PRORZ E MR W IT R T ESC iy 45 i %R
SRS = R DI (SRR I N SN [ a1/ I NE= I
T ARR A G IR G A R AT 1 B A s B g, (H
B SR i IR A AR KRR,

EFHTES T ESC R G458 il i K iy BLaib b, 32 11
F B~ ] JR A 4 )2 25 4 1) ESC 45 1l 5w, 1% 328
SRR HA 6, 76 5505 30 0L ERAR 591 00 T X
32 ] SR W AT AR L I 6 E 42 1 SR W 10 A S

1 ESC R Hl 451

R AR SCRF 7T F W1 L TE 8 02 25 B 5% X T 42 9
F8 R A i A O 1) 520 0 A AR B0/ 1D B AR B A

EDISIS TN P I 2 Yl NS WO (HEE TN
(&N FE AT (1% 11 2 R T 9815 i e o D 0 s £ 9
A8 FL A 4 T A0 T 1 S I 2 T 1o R 5 b T 4
ik 358 43 2Z 180 8 A FH 58 i . R G S 18 T 1Y) 4 4 B
125 R 8 VAR R s AT LA B T s — R R AR
XA CALA) J2 1T b ey e 5 A 3 1) B B 4
F, TR PAT R T (R R 2 1T L SR ] R O 5K
Az BT T 1 R A A T

PRI, Ay 1 o 4 i) B 3k 65 4 7 R L 4 T Ak b B
PR TR R AT, S N | 4R
R —Fh o B A R L o 8wt s H b #)
e BHATHURG I ) 42 1 2 Rl IR 1 43 2 4%
il 2, Bk S an &l 1 s,

T W
it g [ 4opns | [BEOR | RUBSHEE
kel LR ﬁmg i85 114 AL

SERH e
i Wk | WBE|
B A gy | BUES "
CEp) TR | BRE IR

B1 RgEsgaE

R f T R O (R X 5O SR L
F187 B A 43 g SR ke SR T R LA S B X 7 s Bl R B
F10 - BRI AR IR A £ o 60 E A S S B O B 4
o T B4 BRI 428 T R A s e PR T
{10 8 7 A A 42 A 0 A 1 T AR R LS B IR Y
P F AR . B S B A 45 1 H AR AT I DX 5
BHMK. ERRERIEILETEA LB ERES
BB LAIE AR A B AT 2o A R AN ATl A A g R
B R 2E 5 LR 5 SR 4 3o 22 b 3 SR 43 o B30 1 %) T iR
22 AU G A 1) 75 BB 0 b SR S I A 2 AR i
P PR RE O B R 2R AR ) . k. & X P A
JZ ORI P 1 Bk L A T 2 RO £ A A 2 A E
A7 BRI B 7R 45 ] RE S B R e 2 18] 5 BT

2 EFIREE 0 E TR HEEt

TR A2 ) 2R G0 T 0 A SRR (] B 9 2 9 3
B2 A e L AT s P O LG 3 B 25 AT i i AR
T PR R A I B2 A

TR 42 T 25 B BTG A S AR G ST Y 0

DB U1 R B GRAED s (o) o HATH 9
B BB AR E R F RO
DR e vk RR AR R 0 Bk 55



http://gks.cqu.edu.cn

%7 AL F LA E ESC £ % 230 IRIR o B 25 M3 ) Rk 21
)BT SRS AR H A w (o) B DR ) 3k 1 2% 1 R S -
E,:Jﬁij ’Mﬁﬁ%iﬁﬁwﬁﬁiﬁﬁﬁizﬁzﬂ$ﬁ7§go . akl . bkg + azkl +/}2}€2 B akla‘ + %
Joe D00l 6 AR 422 A S8 S AR AR E R ) n ( , ° Lu 1, I, )
HEORASAR R B T A SR ) AN ] AT B 4 o] (4

PSS A TR O 0 i A R 52 A G R BB
PEAT PR . DAZRAE A ol B R R O S 2 T
T AL S G OB 2 A B B O P 2 % it A B
iz Bl AR S P A (IR 4D
2.1 BEmigt

TEZE W2 T R RIS R DL etk — A el 2
TR B 1 18 3 B 0 O i ESC R 4 5
A2 e SOV R . 2 P T A R R A0 A A £ ) B
W% X 5 3 1) P AL G i — % BRI 432 0 9 M
WO IE J5 1 A B A R 3 1k 5k

s ki tk ki — bk,
Jﬁ lmu l3+(al 2

mu

*1)7’_&6[,
mu

'7(lk1*[)k2 a2k1+b2/e2 76{&16[ %
lr I Pt 1. 1L T

(@Y

S8, B T T DR AR R R s 7

Ve L .t £ P ES E ALk

BE sy o R IR T O 06 B0 2 5 b Ay 25 6 I 0 )

AR BB B o RITR A s 1, e g
< W S B

A G 8 0 T 2 £ 52 R 4 o

r R A T BREEIRE e=r —r WE,

AR A3 25 2200 ESC 2 Gt b b 122 £ ok i 107 22 4
rO AR N

o rm\rd\ S
r,o = (2)
rosgn(8p) s |ra| > rus

H

- u/L
T+ Ku?

AL TR ; K O 420088 M VBG p hy %
TET U L B A 2R

TR TE P 2B 56 10 214 RE % 52 L4 o) 2 R Y H FRE
BRBE 4 e SO LT

s=e, (3)

BRI BAS R s B TF S0 T 58 bRk 42 A
PSR SRR AR A R M BR R R 2 e Bk
T,
2.2 {IBEREEEHEIZT

TR o 4 e A U 4 R B — BB 22 Y AT 5 bR
20, Bl sgn(s),

IR (D - HEF1E

Sisry = 0.8548,
u

SRR AZ B BT A A BR8] P 21 35 U0 3 1 O e
— R F GRS s A . SR S R A
PRk G A Tk T B A R O AR 1 T 4
AL D

s =— ksgn(s),k >0, (5)

Ak SRR X G AR IS R S8

HRGH AR 15
atk, + bk, ak,0r | M,\

R el

— ksgn(s), (6)
-5 B AT A 3 DA 428 A B O R 0 2 75 1 i B
TR S A N
ak, — bk, a‘k, + 0k, ak, o
g+ + __akid) )7

;- (a/el _kaB—F

L,

7

I, Lu I,
I,ksgn(s), D)

3 ARFEHSET

SR FH ) 32 A1) Bl A 42 o 45 4 ] 3 7 sl g 2
FEC G 124 02T F A8, 5B 56 iR ik A 17) iR B8 v 4 Ry
— AR AR R AT AL R AL B, 2 IR 4 o A 2
N2 B TS A 3 1 BRI R 43 g i i £ IR A
2 o1 245 D) DA MR 2 TR FH RS A s o O 2 A R AR
Tl 25 JIT 5 A B RS 432 0 . S B 2 A
B ok 432 0 R 0 5 SOR 22 R R A A
PEATIR SN R R . T2 RS SN H B T
S HLR T G AR AN A R A5 ESC R 5
Wi Z R .

3.1 HEHHBRENHTE

2 Al S0 38 2o 16 5 A 3 1 AR R AT ) Bh e A
B 75 B NRE £ 0 L oR I 3h g 3 a0 5 i
WERLH., FIABERSI MR I XERE,
T 3 AT e 5 2 A 1 AH 25 4 0 AN [ B R K 1
s EE, B TR I EmEERE L, H
Hh Ay I T B AR B B e R R AT KR
W, T 2240 30 01 22 3 F veDYNA $2 4 T J7 i 1)
AR, 1T LA 20K W) B% 1 B R B T g
JiG 3B o R I R e S A e R AT el T SR I 3h
TR I SEE R,

3.2 BRENARKESEGE

1B W RS % 1 S B a4 X ESC R 4R

PAT L IT CHCU) 1y e, i 1 e AL 2 7 45 4 42 11 11

MU:LA—L(



http://gks.cqu.edu.cn

22 TR K F FR

% 35 &

B HL I T (8 450 B AR R SRR B R A R
e =Ad—A BT TE . HIEd TR R AR L R
e B0 B AN B 8 BG4 ) B0 BT A
JEE o Bl AR A G 4 o Oy s B A A o) 98 AT
HE TR B g o A P SOR . IRDUEE TR K A
BPE T — RO ARG B E BT AR IR A ST D
22 i 22 788 Ak R 2 Ay 4 1 9 L A 3 1 A EEE Sy
FEATY 2 B P 4%

Ui A ) BRIE R X A S T2 48 R e 3 Bl ) — b
AL 2 — il B AL R SR eI
T 22 Rl 22 72 A A RORY 2 o) SE AR UAH P T
ST R X G A e o7 2% 32 2l B i A o7
TR ZEAT 2007 s[RI 456 PID i v He i) () 4 il (9
iE 5 1 A 25 2 (i 22 T VR BT FRD i 2278 A AR A
(i 2272 AR FRVFRTI FED » JF AR X P PR 2K A - T
IR ISUAS DX G PR AN [R] XSk Py R (B A I
TROBEN S H A 720 T U 42 ) BE ) 5
RS A B T8 R AR A U TS A
JURE AR S AP AT 2 B

e é 1

—€

B2 ARAESEHSHFNETEEE

R R B R 5 SR B R IR 25 0, = A —
AR YRR IR Y B T O IO 18 1 B R S S IR B A
S THTRT R A5 B 9 A2 3R A U T A 4 o 4 R
mk 1 i,

R1 ARESEH SRR RRE

e, <—e ‘eA ‘geo e, e
o .
K.

e, > e ’

. . K27 K
‘ € ‘ <e, 0

. . K K,
e, <— ey ¢

Ho Ko o Koy o Ko s Koo o Koo 2350 %0 07 B 45 4

F G b DR T A 2 D 45 1 o EL AR 2 0 Ol s 45
AR 2 1 Tl 0 R o 2 L 5 a5 R AT AR E

4 BRRAERGTE

4.1 BRRAERFEFHEIT

XA ESC R G0 MR 410 5 » HoAR 1k 1 & 3R
W TR B B 0L LA R = il A = F A EAE .
TG SR A R AR LM AR G RS A T AR Y L
A PRI T B 25 s G S AR AR X v B 400 T 00 1Y
RN . PR K A 2R 4 M LIRS A R 1 Y
JE il 2l Z G B 43 JESC 45 il 5 8 AL 52 1 72 3 53 B i
A, BT MATLAB /Simulink 2535 F1 42 4
BN 15N veDYNA #5481 B 11 78 B4 F1 25 Bk 53 7 34
15 B 5 % ESC 48 Hil SR 17 PEAR .

YT R LS 4 3 S A T R S A
LA e 1 Py e L B DN OIS B i O /N = W
O LSS I A 5 R R 4001 56 2 R0 T8 B RS
I LS 0 2 e 5% 3 o 2 1o A T D B AR TR Bl B A
SFUEAT AR R A 42 ok A TESIS 2 W JF & Y
veDYNA =205 8l Jy 2B AL, 25 0 53 2 ol R G0 il
HI veDYNA % {442 % 19 DYNAanimation #3e, L) 52
A R fE LS R A B OR A, B0 RGER
dSPACE S iy B 58 ¢ S H: RTT A6 He 552 3 4R 115
BWEH., B AR ERGEME 3 s,

L7B e

BORS RIER

JEAmEA
BT 578
(veDYNA)

HAZRG: E dSPACE
i Y B B N
R

ESCH: 8

S RFRBR L

3 ESCERRERFTERGZEMTER



http://gks.cqu.edu.cn

% 7 #

KA LFAE ESC 2% £ 30 RIRIR 4 B 45 3 5] vk 23

4.2 BRRERGTELER

LS 2 39 53 L A 0 2 3 DR B R G N
PG B IEAT HAE . AR R AR 7 ) 807 T
IV AR A A A S R R A A Sy LS 2 0 B K
N B B T o S R R S B T R R e 4
L5 By I A8 L MR T i B0 LS RN L N
AR T,

R T, 25 30 51 2L 55 km/h (1) 42 5K
e KRBT 2 28k 0.3 By BK T I 8O0 A% 46 4
Vi BLZE R ANE A~6 FioR .

163 34 36 g& ) 42 7}
80r (a)

iﬁ e —

—4%3 34 36 3;1 0 42 24
(b)

4 HmBRERAREIHNEEEHL

B SR B
/(rad-s™")
é I

‘m:‘
=7
BE
= -0.5 L L )
32 34 36 38 40 42 44
tls
(b)

5 HEIR AR L W A B 2k

&
=,
Bz
2
32 34 36 38 40 42
5
T
g ‘ , , ,
350 400 450 500 550
IR m
(b)

B 6 FulMimE MR ALk

AR A AP 4 N AR 2 BEE . ) 3 O3 L AR M
T AR MERR S 440, AT ESC B, s 2 AT
TE I LR AR A ESC By B Bl 0 ml 52 3%
SOV ER A 22 A 0 ) BR B O S OBURS 2k R A L B0
D #f1 ARG E I FBLN o T G B 1o 5 ol 2 T L A
T ESC A4l Bly o AN 7 000 % T 20 B0 45 1 B 1 AL e R
T 5L R AR ML TR AR CHH L A 6F 4 ) k22 e
AR

5 & it

1) 2 B 53 7E 3005 FL 25 SRR T BF 52 1 32 30—l il
Moy AR i ESC $4 il 5 s 52 BL 1 16 AR B 35 3% i
a2 B DR R AR A AR A T T B AR R
i BT AR A R AR R A 2 2 A

2) = B R B 73 2 4 h 7 o SR 45 4 3 A .
PR R BT I R 25 8 A R B9 AR 2V AR L T 4
WK 17 B4 ESC R 40 19 1 i i A X B
BEAR 1 42 LT A0 X B2 5 50 dfe Ak B ) 48 i AR SV
VA ] e 3R e i T B 3 5 A b L% L O 4 o
RAFLAE I

3) 5 53 7R R0 B0 7 vk BE AT PR | 4 3 5E B
ECU 72 i, 46 T K A 30 1 20358 2% . X
B S M B R 4R A R TR T B R G
IR A5 A 7 ESC 2l al rh . $ 0 iy
S AT e A ) SR ) B

S 30k

[ 1] Furukawa Y,Abe M. Advanced chassis control systems
for vehicle handling and active safety [J]. Vehicle
System Dynamics,1997,28(2) :59-86.

[ 2] w4 Brvidm. ESC ol sh i A g R a3 [T]. R
T H,2008,30(1) :1-9.

HUANG Binghua, CHEN Zhenfu. The current
situation and development trends of ESC []].
Automotive Engineering,2008,30(1) ;1-9.

[ 3] Abe M, Kano Y, Suzuki K, et al. Side-slip control to
stabilize vehicle lateral motion by direct yaw moment
[J]. JSAE Review,2001,22(4) ;:413-419.

[ 4] Van zanten A, Erhardt R, Pfaff G. VDC, the vehicle
dynamics control system of Bosch [ C]// Proceedings of the
International Congress &. Exposition, February27-March 2,
1995, Detroit, MI, USA. [ S. 1. ]: SAE International
Technical Paper,1995:10.4271/950759.



http://gks.cqu.edu.cn

24

T RRFFR % 35 %

[5]

[7]

L9]

[10]

Van zanten A, Erhardt R, Landesfeind K, et al. VDC
system development and perspective [ C] // Proceedings
of the International
February29-March 4,1998, Detroit, MI, USA. [S. L. J:
SAE
4271/980235.

Congress & Exposition,

International ~ Technical Paper, 1998.; 10.

Shibahata Y, Shimada K, Tomari T. Improvement of

vehicle maneuverability by direct yaw moment
control[ J]. Vehicle System Dynamics, 1993,22(5/6) :
465-481.

Park ] H, Ahn W S. Hco yaw-moment control with
brakes for improving driving performance and stability
[C] // Proceedings of the 1999 IEEE/ASME
Advanced Intelligent
19-23, 1999, Atlanta, GA, USA.
[S. 1. ]:IEEE Press,1999:747-752.

Mihoub M, Nouri A S, Abdennour R B. A real time

International Conference on

Mechatronic, Sep.

application of discrete second order sliding mode control
to a semi-batch reactor: a multimodel approach [J].
International Journal of Modeling, Identification and
Control,2009,6(2) :156-163.

)AL B BT, ST 2w Iy LAk 4 B Y
4 WD L4 | He MR ) [T ROl BL B 2 42
2009,40(5) :1-6.

ZOU Guangcai, LUO Yugong, LLI Keqiang.
DYC

4 WD
force

the

vehicle based on tire longitudinal

optimization distribution [J]. Transactions of
Chinese Society for Agricultural Machinery, 2009,
40(5) :1-6.

B5E R RME . RERETNIHERRARNES R
AU AL PID 42 i [J]. HLAR TR 2% 4. 2011, 47 (12)
92-98.

[11]

[12]

[13]

[14]

[15]

LI Liang, KANG Mingxin, SONG Jian, et al. Adaptive

PID control with varialble parameters for vehicle

traction control system [J]. Journal of Mechanical
Engineering,2011,47(12) :92-98.

Zheng S B, Tang H J.Han Z Z,et al. Controller design
(Il
Engineering Practice,2006,14(12) :1413-1421.
SRVK ZEANAE R S BT A e A O vk 0
R Ak 4 PR R[], ARl HL AR 2% 4. 2010, 41 (1)
14-17.

ZHU Bing, LI Youde, ZHAO Jian, et al.

for vehicle stability enhancement Control

Integrated
chassis control based on multivariable frequency domain
in control methods [J]. Transactions of the Chinese
Society for Agricultural Machinery. 2010, 41 (1)
14-17.

Shen X M, Li D F, Yu F. Study on vehicle chassis
control integration based on general actuator-plant
[C] // Proceeding of 8"
Symposium on Advanced Vehicle Control CAVEC06),
August 20-24, 2006, Taipei, Taiwan. [S. 1. ]:[S. n. |,
2006:553-558.

I, AR SRR B K it gk ML dE s R
“F R4 . 1996.

TR, KR 20, B S U R R A AR A A T SR o>
(1] DU TR 242441, 2003, 25(5) : 71-74.

ZHANG Feng, ZHANG Nanlun, ZENG Liang. The

structure International

analysis of control strategy nine-point controller [J].
Journal of Wuhan University of Technology, 2003,
25(5):71-74.

(h# Z%H)



