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Automobile anti-lock braking system control based on a least
squares support vector machine

FENG Hui-zong, ZHENG Tai-xiong . LI Rui
(Automation Department, Chongqing University of Posts and Telecommunications,

Chongging 400065, P. R. China)

Abstract: Using the referenced slip rate and angle acceleration of the wheel as input vectors and the braking
pressure as an output vector, an automobile anti-lock braking system (ABS) controller based on a least
squares support vector machine (LS-SVM) was designed. Training the LS-SVM controller using the
supporting vector, the parameter of the controller was calculated. An anti-lock braking system was
designed that includes an input layer, a control layer, and an output layer. Using wheel speed as an input,
the braking pressure of each wheel was calculated. The pulse width modulation (PWM) method was used
to control the braking pressure, and thereby to bring ABS control. An automotive ABS test and control
system was constructed. Road tests under different conditions were completed according to international
standards. Test results show that an anti-lock braking control method based on LLS-SVM has good braking
stability and adaptability. It is an effective new ABS control method.

Key words: anti-lock braking system; least squares support vector machine; control parameters; road test

AP HBEH 3h R G (ABS X R AR ® gl X ABS BYFEHIIT R T8 2 0158 TAE % R T2 45
LAVEMBATRE A A EEE X, AT /ash  TTRREE TR R [ i #2461 B 3 oz 1k

W75 H #3:2008-03-12
ELTE :[EK 863 RI¥Bhmi H (2006 AA1TAICT) ; T KT FF 22 51 45 9% By 3l H (2006 AB2026)
EEB N IFES2 19725 5 EHPCMRE i KA R B2 L EEMNIR S B I H I H e SR LR SR,

(E-mail) fenhz@ cqupt. edu. cn,
http://gks.cqu.edu.cn



% 8 BHERF AT RADRIF @ ZH B Fh 4 7 & 843

A5 LA SR PID B 9 5528 45 b 2 4 1 07 vk
AR S Ty s 25 A D B R O B g K
P % 3D 2 6 A T B s ) 2 4

SCRFI) L (SVMD P Vapnik 78 48 112 2
HE LA R R — Rl R B L &R 2 S D7k HATE
IS A TR L e A T O A 1 R 2 2 A
B SVM R TR O Bk RO R RE A
i B — A~ v B 49 BIF 5 O 1, BT R R A
SO R AR S 7 s L T ABS #£2 ABS
PRI RS T SRS ABS 5 ik
e BRI 22 5 5 BT S A IR 1 Bk 2 3 R ]
He /I AR SR 1) R LT T VA B R L ) Bl AR G Y 1
il M), 3 R T B S R B 0 4 O S A
k.

1 &N FEENES

W ENGREAR {(x1,y1)s (aasys)soees (2,5
¥} C R X R GF I — AL WL @ 4 H a0 i S
3| e 44 AL 25 18] 7 (R 4E RRAE S () AT v [l A,
¥ SVM [EH N

[ =+ &(z)+0b, @b
A :0cR WE HER,
TE e/ 3¢ 3 1) i 8] 0A Al 3, [\l )9 ) 8
2N
min%wZ—F %}’28‘? ) (2)
i=1
s. t. w'ligo(x,‘)—|—b—|—5i:y,,i:1,2,-",no (3)
Kb & =0 AWML 7. v > 0 &SI S8
FIATIAE B H ek EOK % -

- 1 N
L(m,/J,S,a)—?a)ZJF }’;5 —

Dlaiwela) Fbo+6— ), )

Foop o, R TR T
HRAE KKT 405 0T 5t o

aL adL dL dL
7 —, =0,%=0,%=0, 5
Jo ab dE da (®)

Pk — 2 a1

Jw = Z”:a,go(lv)»iai = 0,a; = %3
i=1
|

o p(x)+b+&—y =0, (6
B 6T E o F1 & . A ) B84 1k R 5K i =X

(7 )7 e
B Q+eyIIMﬂR} E

e HICEN 1 n X 13T n X on (AL

Mioa= [arsassssa, ] y= [yisye sy, ] 1.0=
olxisx;) = ola) olx;) » o) Rl & Mercer 5%
PRI XT PR ek K, 2B R RBF B pR L

o 2
K(aiox,) = exp(-M) .®

o
WD BLE R 58 n] il d /I e ik K W 2tk
[ U1 R

f(o) = DlaK (xax) +b (9
i=1

2 ETF LS-SVM gJ ABS =4l

2.1 ETF LSSVM fg ABS #4188

DAZE 46 275 e B 0 R A in 3 AR Oy 4 T 8 Y
A LA S & Gr i i 2h sy e i . T LV-
SVM By HA =2 W 28 2544 1) ABS 5 il &, an &l 1
i

1 EHTF LSSVM g ABS #2428

2.1.1 AN E

= (2" = (usaw') s
Kby NERSH W, o HERMIMELE,
2.1.2 BE&E

TR ) S SRR T B

2
K(Ivl";):exp<—M>’
o
Afe e —a _\/m;a%ﬂ‘%ﬁ}{o
k=1
2.1.3 @& E

f(o) = D aK(z.x) +b=P.
i=1

Kb g ECFFME I EG P Ehl s i .
2.2 ZHEENHES

HT LS-SVM iy ABS 5 il #5752 4o ad % > i
SRS S R A N B R 2 R ) Z (]
LSS ST TR % 2 7 WE 2 PR .

RN S I

DR 5 5Ol 3 i) ABS [ ECU, 16 & [7] 1 1%

http://gks.cqu.edu.cn



844 TR KXKFFER

%314

ok |0 [ ety | S
PP AL — ) RAIESE | g
el | ® WEE [y y
LS-SVM EVEE:
B e S T ab
BT 7y
HRE EOEE

2 EFLSSVMHK ABS#E#ISaIF# 3]

T 25 F T MBOE B e . Scae b RIS HE S O
JE 3 I 2% 00 5t 1 S %6 L s ), A5 380 S 50 B Hl

DRMEERENSE EHITR TR AES %
TR AR B A 1 228 W R 3 R 22 4330 oK fig
R T AR N R L X SR 0T R Y R Bl e Y R
T3 JREAS B

3) I FH FE A 5048 %o S 4 1 B AL 4 ) 4% 2 AT I
Gk A B S A S S5
2.3 ABS#EHES

FT LS-SVM 1y ABS 5 il i ] 5 B B A 22
K1 ) S L 250 I A A 4L 4 ) Bl 1 o ik R B
Wt 241 ABS HlZh#EH R . i, R AT
SEAE SR AR R L B T ABS Hl RS R G
i e 3 s,

vamyirip et I P eyviiEcoors N VUl o 2t I P =
TR 1R FE IR T IRE
v v v v
5 S VAEPER;
HBAE i T i
A
l ll Y A ; ; A A 4 u l
TR |[ERe N | | ZER0 AR || GER0 | | FERe || R0 | ||| ERe A
HETFLS-SVM| | TLS-SVM | [JLTLS-SVM | | JEFLS-SVM
FIABSTEHIZE | | FABSTEHIAS | | FABSTEHIAS | | FABSHEHIAE
fiokiillm
A\ 4 Y Y Y
[ remm | [ o | [ R | B
[zmse | [mww]|  [zEe] [ AE#]
i
B 3 ABS##IE%
ABS 5l KRG BA 3 EHEHI4N .

DRAJZ . 2 U 1 A% AR 19 Bk oi 5 5 IF XS
QU ERES X FRTEL RIIN 3] ZUELN

DFEWZ . R 4 DR E. TR S
RN AL T 2 A B R AR AR A

HMEMSEF ML H RSB WBR R
Ja EAR LR (0 2 75 1 B A A i B A O 4 o 4
A i R SRR R A SR Ty . BRI

O HAL . W TR 2 4 ] BR P 2547 T
KA ABS B A% . 58] T4 @ e b2k, MR8
il 0 s 7 e A R T G AR L Al 2R
B A B RIMRIE 3 F X)L DL 4,

<
o

v/ (km-h)

B4 SEEFRKMBE

e R A A R S e 1 o B ad A P AR iR b T
S P9 7 2 R P AN TR ) S T A ] ) 8 i X T A2 4k
MUHHEAR — B0, FUR TR X | 70 i B BT A TH] . i
1M o 5 Y T B ol i v e 0 {2 ) Y T R
RIS FEB Ik ORI AL, R TR
JIAETFOR e MU He (9 52 B 1 4 T8 (o] T 3 SRy 3 A e »
I AU (e T B X I 4 O S R OR i 2 7%
FEpEfER . MK 3. ZH WA 0K H

ve =, t (v, v, b1/

n=0,1,2,+, (10)
Hfive  REH n R+ 1 B2 E S % R
O, 0, ST 0 — L FNEE B AR 7,
ve W o, BIISIA], Az, J2 o, B o, BOESIE] 4 )
Y n= 00 oe = v, + acti s ag HHE— BRI
Hh ARG AR RO T A B e S (R KR A
FHECCLOD AT LA W AR 415 A2 1k 1Y 46 o 0 ({5 5 e i1
HRB IS5 Al 2 el FUSE R 4k

OFFWMBR, KBS HEEHE.REHGE
ZHE\BR

Sc ., = (v, (1D

H:Se SR M 0+ 1 BEZIA S R R
w1 ST n TGS 1 I 2 6] B R A

OFFMf®H . X T 2 Hrfe . e
2 2 0 A8 2 e 1) T R BE A O % A 2 1

http://gks.cqu.edu.cn

—Rw, 1 1 )/“U('” L

1



% 84

BHERF AT RADRIF @ ZH B Fh 4 7 & 845

A HIAFET LS-SVM 5 ABS £ &7 %t T 2 e
B B2 AR B TR R 1 W R R A
0 D30 AR D 2% B 4 1 A i A B A% ) 2l
e (i B g

3 = . AR P S A0 R 0 3 s L R
FI PWM il 77 3 7 4l 1 2 e L A9 1R 7 o AR Y
25 W B AR P e BRA A 8 B L S Al Bl

3 EHEXLE

3.1 RN

K ] Microchip 23\ 1) dsPIC16 i 7 {5 & 45
il A AE b B S T ECU, &3 T4 ABS
A ) B 6 K SR A o A L b 4 A HE
LIRS I #8 (ECUD VB4R RAEAH 5 IR %
ABS I R 58 WK S

A Folrad-s)

t/s

(a)ZERTHE

t/s

()ZE)ak

i R > s || 1R e e
,,,,,,,,, ma,,,,,,,,,,‘

————————————————————— WE oo
—H'ﬂﬁéﬁ%ﬂl}—»‘%aﬁ%&l}—»‘?j %}}‘fﬁjil I[’— —i
—H%M@ZHM&J%%Z}—-‘/DHU?L&?I%Z lé_)"%s
R P ) S E?Ilﬁwfﬁg 1:;;3 % i
1 i i
| | :

__Eou|
T Ty

5 ABSERMEHRSIER

2 ERKREER
DAKEE R 42 O S 0 X 4 A8 22 Bl T T R AT
Y. SEH, MR H /N T 5 km/h i, F il AL
i WAL T i R A o {2 A8 Bt B o DA T 4 A )
], Sy 7 UL )R 4R BBOR TR 3 Bl A [W] % 1 4%
7R r e

=5 WA 6-8 iR .

(b)FHiTHE

(dfijE%

E 6 EMERMMEELEML

http://gks.cqu.edu.cn



846 TR K F ¥R %31 %

14 14
12 12
210 210
3 8 3
i woer
{-Hﬁ 6 -Ef} 4t
i3 S
4 2t
2 . 0 ,
0 2 4 6 8 10 10
t/s t/s
(a) A% (b)Y F AT
14
12
% 10 P
T 8 =
\5 <
506 5
], |
& &'
2
o , ,
2 4 6 8 10 10
t/s t/s
() LEJE%e (DA AR
B7 XF(ESER)EEEEMNL
14,
12F
— 10}
% 8
3 6l
¥y
4]
£ ]
0
3 3
t/s
(a)ZE R4 (a)fiai%e
14] 12
12 10
1.‘:10 ; 8
£ ¢ £ o
3
%{ 6 il 4
& 4 L
' 2
2
0
0 1 2 3 1 2 3
t/s
. t/s
()fEJa%e (DFifEse

B8 xt#E(MREIE) ML E &

http://gks.cqu.edu.cn



% 84

BAEZ,E ATRIZEIHFDENG I FHIEH Tk 847

3.3 ZBaWm

&l 6-8 W] UL, ¥R R AE i 2l ok B b i il B AR AR
HIEI S . 45 A [ PrAp v X 42 8h 22 e 2ok .
SR A R A RE <29 Ok o - T o ) PSR o | Wl
LT 1 ) 7 NPT NS O = 0§ =11 <o L o i o
()T B AN o TR I A2 3] 11 b T o o R Bt /N, AR
MMk TR A M. 8 WL YR e K
FRBE R Sh R B 1 s 24T 3B A R
FETE  ABS $5 i 3 G0 AR 4 25 5 AE AN [ TE 25 44 T Y
TR M I R T R 648 4 e T
TR ML, K 6-8 MR, BARERNAEEA
PEAT I TR (0 ABS 1l 2R 4876 4% Fh 5 18 SR B
THE Y B SR, BB I T SRR AL ABS 2
il R LR 8IS WA 7] A B 1T 4% 18 B AT B4 A
PR AT FE

4 % iE

EHRMEET LS-SVM 19 ABS il J5 1% . 7E 1t
Fenfi Bt T ABS $5 R G H A A [ Y % 1 2 1
NEEAT T IE B SR A5 R R % T R R W R A
RO 0 i R AT A ] R AR B R S S AR
S R I TE S 0 2 — PO A AR I ABS
P T7 35 - T B A BT A ABS 4 i 5 ik R
14 18 g% DT IE 10 A L B i TR R RCR

S 23K

(1] Bl s, Y78 ABS [ 8500 100 42 il 5k m& fF
78 [J]. Pl T, 2006(10) :23-25.
HUANGFU SHI-HUI, BAO XIANG -YING. The
development of a fuzzy predicative control system for
automotive anti-lock braking system[]J]. Mechanical &.
Electrical Engineering Magazine, 2006 (10) ;:23-25.

[ 2] E3, 58 G ERE. REE ABS BB £ 6l b H
WEFELT ], mE bR B 2 4 2006 (6) - 127-131.
WANG RUN-QI, YAN ZHI-XIN, JIANG KE-JUN.
Applied research on the fuzzy control over automobile
air ABS [J .
University,2006(6) :127-131.

(30 Rfd, o, L&, POIRAEH ABS #2651, 113K
224 ,2006,27(4) :320-323.
SONG JIAN, SHEN JUN, KONG LEL
algorithm for four-wheel drive cars[]].
Jiangsu University,2006,27(4) :320-323.

L4 0 RARW. WK ABS ¥l Fik o LT] IR ERHL,
2004,7(4) :18-20.
ZHU YU-QING. ABS control methods of the 4WD
vehicle[ J]. Automobile Science and Technology, 2004,
7(4):18-20.

(5] BB, £, AT iw/ 23R M RO 32 ) & AL

Journal of Central South Forestry

ABS control

Journal of

Pl A S ERE LT ] I e AL T A 2 4R 5 2007, 27(8)
76-80.

CHENG QI-MING, WANG YONG -HAO. The fuzzy
support vector network controller based on least square
algorithms and its application[J]. Proceedings of the
CSEE, 2007,27(8) :76-80.

[ 60 sRkiGESR EBEAR. 18] 5 d5 /s — 3 32 ) St AL 1) 18 Sk 1 72
LA E I J ] LA 2006, 29(3) : 400-406.
ZHANG HAO-RAN, WANG XIAO-DONG. Incremental
and online learning algorithm for regression least squares
support vector machine[ J]. Chinese Journal of Computer,
2006,29(3) :400-406.

L7 0 /05 ERERE P, — b RO 35 1) 2 AL 42 1 45 B9
W [J]. FEilil 5Pk, 2005,20(5) :537-540.

YUAN XIAO-FANG.,WANG YAO-NAN.SUN WEL
On fuzzy support vector machine controller[J]. Control
and Decision,2005,20(5) :537-540.

[ 8] KUH A, De WILDE P. Comments on “pruning error
minimization in least squares support vector machines”[J].
IEEE Transactions on Neural Networks, 2007, 18(2):
606-609.

[ 9] ZHANG L,ZHOU W D, JIAO L C. Wavelet support
vector machine [ J ]. IEEE Transaction on Sysyems,
Man,and Cybernetics-Part B:Cybernetics,2004,34(1) .
34-39.

[10]J LIJ Z,LIU H X, YAO X J, et al. Structure-activity
relationship study of oxindole-based inhibitors of cyclin-
dependent kinases based on least-squares support vector
machines[ J ]. Analytica Chimica Acta, 2007, 581(2):
333-342.

[11] HUO H B,ZHU X J,CAO G Y. Nonlinear modeling of
a SOFC stack based on a least squares support vector
machine[ ] |. Journal of Power Sources, 2006, 162(2)
1220-1225.

[12] YANG D F,FENG Z H,MA D S,et al. Development of
anti-lock brake system in virtual environment[J]. IEEE
International ,2004,12:131-135.

[13] MI C T,LIN H,ZHANG Y. Iterative learning control
of antilock braking of electric and hybrid vehicles[ ] ].
IEEE Transation on Control System Technology,
2005,54(2) :486-494.

[14] LIN C M, HSU C F. Self-learning fuzzy sliding-mode

systems [ J ]. IEEE
Transation on Vehicular Technology, 2003, 11 (2);
273-278.

[15] KULKARNI A,JAYARAMAN V K, KULKARNI B D.
Control of chaotic dynamical systems using support vector
machines[ J |. Physics Letters A(S0009-2614),2003,317:
429-435.

control for antilock braking

(3 kP

http://gks.cqu.edu.cn



	自科0808-842
	自科0808-843
	自科0808-844
	自科0808-845
	自科0808-846
	自科0808-847



