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Experimental evaluation of vehicle side-slip angle observer
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Abstract ;: A combined method for estimating vehicle side slip angle is published in this paper. Nonlinear factor is introduced to
identify the nonlinear degree of vehicle state. A simplified nonlinear side force calculation method is proposed. Then the Kal-
man filter is designed based on the single-track vehicle model associated with the influence of tire cornering stiffness. The evalu-
ation system is constructed based on wheel speed sensor, lateral acceleration and yaw rate sensor, steering angle sensor, Micro-
AutoBox and GPS system. Slalom and lane change maneuver are conducted on high friction road. The experimental results
show that the developed estimation method can reflect the actual state of the vehicle, and the efficiency and accuracy of the pro-

posed method can meet the requirement of the vehicle stability control system.
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Fig.1 Side-slip angle estimation method
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Tab.1 Rules of fuzzy control
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Fig.2 Membership function

JI%E

A% 7 ¥ S0 150 7 % % T B
RO ERBYRFEA R OB, HEARSFESRAENITESRSTERRRE. Bl ZHTEER
T AR AR S X I, Mo 1L R0 5 5 15 R LR, MR 7 ) 32 W T LA 28 e



116 wode B K ¥ % W 2013 4

% IR BIM i S R T UL ARE B, [R5 LA Sk B 38 B3 R AR B 50 A6 000 12 7, L0004 K1
BEE s bR A R BE R AR R AR 2

Fyn=Cray, (€))
Fm,,=C,a,° (10)
ZE 50004 A T LA E Ao B 4R A R A A 0 0 i A UL UL T AR F

af=[?+ij—r—af , an
a,=[3—i’—r . (12)

AR 2R e B 1R AR , @3 R (13D Ak (14 8 T35 O 0R £ B9 RS Sl e 77
Fyf=aFny+(]._a)Fyfm, (13)
F,=aF,+(1—aoF,,. (14

1.4 ¥ & Kalman j§iF 28i& 1t

ETHRHEFEAM LIRKME QBN R ER RTINS, % R AG 1 R X Wi sh 1 2= it 18
) WL &5 54 3y 2 A AL
- Fyfcos(8f_ﬁ)+FyCOSB_r,

p= muv,
<Fyf=—(_Fyf+Fyf“), (15)
Tyf
b (CFtFL)
Tyr
/\EP:
7y =1, =RL,/v.,
Fyfss=cfaf’ Fyrss=Craro
KA Fop» Fo ARG 5] 1 B9FRSE
APFFER A RSt A MR RIZRESE.
B HFARBEBCRE = BB R, WX A6).
xk+1:f(xk)+g([lfk ,uk)“f—wk, (16)

ye=h(z; suy) T ko
:/H\:EP:
. =[BFy» Fy 1" yu, =[085m0, 1", 3y =LF,, Fha, 1",
b cwe WL ;0 HIERFS .
Kalman J8 #5812 7T A3 oA S B AR IR AR 2 ¥ 20. TIS ARG AT 2 B R R SR T —
B 22 B S e Al it A5 IE i AR LI AN B e Al T A 4 A AR U R SR A 3T

T R
Zr = f(Zpr sttp—150) s an
P, =FP,_ ,F"+WQ, W', (18)
K,=P; H"(HP; H"+VR,V") ', 19
xy=xr TK.(yi—h(zy ,0)), (20)
P,.=U—KH)P; , 1)

REWIFRZEWME 3 iz, KL GPS £4 VBOX, MicroAutoBox J% f# # 2% & AL 1 8 V8 25 41 1R,
MicroAutoBoxZ 4t Fi F 5L B 84 R 4 ; VBOX J2 %% [E Racelogic ARIFIBIRZ GPS R4, LU Tl &%
B0, RS R A 20 Hz, GPS RGN & 45 £ # 3 CAN Bk P 0. 5 Mbits/s F 2 B 4 i 3|



®2H

B R A » % 3R B0 D04 A IR 28 1A 6 6 i 117

MicroAutoBoxH . 24 T 8 T He B, A1 68 #5 =X e 12 53 22 400 50 I s A LA A GPS RIS R .

3 REER

e 4 s, EEAEE IR EFRESHE
BB TE AR T BEAT AR v RS e R A AT R
R, 11 L3 MicroAutoBox R K GPS R4 i
BT AL RS 10 A5 5 0 618 B B9 4 50 1
MRV TR AR R R RE . I i
ATHRCPHEBENRE LT, KREFEHE
BAL BRAR AN - o 2 A% R B 4 A B A
P 2H A AR IR AR T ) B AR AR IR AR

FWELE N REEFRAREEITPRE
FRE) O, B R TR 8B 4 E 8 i T o0, HAH
L 149 77 1] 45 e 8 0 50000 4 AR A0 1B S B » FE Y
TRBEERRFFE 1l m/s . WNERTTLUE G
IHERAT R EF IR EE B EE, F—ERBE LE
TR B R L RS, EREN N &EEAK
R A e o R AR A A Sy ) B G B, AL 5 T LA
F A THERAE— & R B sh B 8 1E Z [ £ 7
—EMRE. i H E8 R E A S A
BERETHRREFEENEBIERE, HIER R
AR T LR E W R IER TR, REXMELE
AR LR — Fh BT, R BESE 2 RIE E W)
B S E R E .

A LB PRI T Z 0 5 5 R A R A
ERFTHERE . B 6 AXBLERI N T7 19 5 A
05 00 s 7 ZE 0 A9 4T Bk B BE AR AR AR 11 m/s A2
Ao BTERML R Kalman JB MR RE
BiAEE LR S GPSTESREYME.

IS

MHostPC """ """ i
! C

B3 RBRRIEARALK

Fig. 3 Experimental testing system
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Fig.5 Experimental results of slalom test
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Fig. 6 Experimental results of double lane change
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