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AFS Control Based on Estimation
of Vehicle State and Road Coefficient Using UKF Method
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Abstract: This paper mainly focuses on the application and feasibility of the Active Front Steering (AFS) con—
trol system. Considering that tire behaves nonlinearly during emergency steering and that the vehicle states involved
in the AFS control system and the road adhesion coefficient having important effect on the stability are difficult to
measure, a controller using nonlinear sliding mode algorithm was designed to synthetically take into account the in—
fluence of load transfer, tire nonlinearity, and road on the vehicle stability. Meanwhile, with the use of signals mea—

sured from the existing Inertial Measurement Unit (IMU) sensor of ESP system and the application of Unscented
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Kalman Filter (UKF ) algorithm, a state estimator was established to dynamically estimate the vehicle state informa—

tion and road adhesion coefficient for sliding mode controller. On the above basis, the desired superposition angle is

precisely reversely calculated by the nonlinear tire model after the desired tire force is obtained, which verifies the

effectiveness of the control system over the "tire—road" attachment capability range. Finally, simulations of fishhook

test with high road adhesion and step input with low road adhesion indicate that the state estimation combined with

IMU and UKF ensures the feasibility of AFS control system and effectively improves the vehicle stability.

Key words: Active Front Steering( AFS ) ; Unscented Kalman Filter(UFK) ; state estimation ; road adhesion co—

efficient; Inertial Measurement Unit(IMU )

RGN GREHTLH N EE T RS,
X TAE G 3\ 0y =X, IR e ok B T
ZUh 5 B2 TG [ B AR SO R g
20 SEARE RN, 7R S ) PR E A
THAFTERFGAS: Kasselmann S5V e d th T 30
AT %8 %% 7] (Active Front Steering , AFS )M &, 75 I &
T, PR R G o 2 i AR | 30
I ) FLMLDR T TATORS A bt fin 2 e fR ey =, 5
I AR IE O A, ARV A T RS 2 H AT,
F ., Wil AR R T FEhHrie i m i R
G5, JFHE TARRL ™ G A AFS Bk ESP 415 — T
PETHEAERAE My R R RO

AFS FEHIMESE 257 AT AR A5 B Lt Ffa e
PR, AR SCH S ST AFS R G0 4 ke 1 ek
. EWNIMEETE AFS e MRS 7 T R T R
MR ABIWEFE TAE, Ma PR W RAR 45 f 4il J7
Pl AFS RGEBCTT TR A T RSO0 i £ XX
Hpnd il 5k B4 S B2 1) T oL {7 B4l 3R
W, B A B A iR i e B A R A R e P
FERIBE T . Kim ™S IAh G305 ) e 1 52 31 Z R0
FETERSZ R, 0T 4R ORI R AT, DY R
LS TS At (A —E S
B X R A7 ST S A0 0 O DO B | 4 o A 2
BAHENE, R H. WHIBP08 AFS it T s
MArE A ER RS, BREKHEOCRH p
CRE G o T ) RG A T L (H
T IO i DA 2 %) %5 R, o) R 4 (S U
A R AR A B 7 . AR A VAR 3 e PR S O %
AT G305 Co M O #71 , Shy AR 28 £ 5 B8 60 i o
FAFER] R LOQR &l #s RS F B SEB
e MLyl DL Bt 80 7% 1B R 50
At YL K Z Bbn s ol (B R 24 X 4otk &

G5, vk RO A i £ I 4G iR 0 00 H AR
PR, 228 T B RS 2B 4R Ve 2550
Wi, X LUKS B S A i T 00 AFS #3536l RAE A

Aripin Z587% LT A [R] B R B, B
TH T IR A R 42 A R B AT AR B, AT S 3
AFS R e thdl. MR © KA UKF(Un-
scented Kalman Filter, UKF) /7 2235631 T 1 1 (i & &2
BOULI R 55, S Ab T % T8 B R O , 7R I A
AT T AFS RGN TR = B A 2R A 1 AR
RS RO I 6 T ) G AR R CR L (H
HBA T P AR I Bk vh il B ) RS 1 AR R, EL
KRR GRS — H H MR

PAEWFTEXT AFS Pl AR & Al 1 B R R
FHESVE R, (B T 2 Jr Sl i 4 o 5 mes A g5
5 X Tk v U B T N AR RS
{5 BIARBON SE i AE . T2 Ul B &, HETA 8
Z W GRS 7T, (0047 3 T 30 4 2% ek
AR RN ) g B TR 2R IR A 1 [ I
TS BLAR , AFS VR 2 dilH AR, fe G i i E £
PERRETT 2N LA 08, LATE 58 G — B 10 4 f /=
AT IR R NS S A T ZR G A TR .

LV B, ASCKRAIH] ESP REEE AR
IMU (Inertial Measurement Unit , IMU /& &S, i@ 11K
AT AR I A AR U014 i) Rk v B
9 S5O s #7180 SRS AR 1, D S B T
B FR A IR A B AT SEIAG T, SR AT AR S 45
g A o Ak TR 2 A A R R 5o 00 O £ 2
Bl 250, Al i3 T ARG vk e M AL S R A5 31 fip
T 2 NEE FA , LATE S 0 — 6 10 7 FE-A A I 1] g ] ik
B 4 i A R AR E .



55 8 JEIEGRE BT UKF AR A S g i s 2 28 K il i AFS $22il 3

1 AFEE

L1 BEEZNHFER

R B IGUXT 2fer  R (R M, S o 0 75 R
TRz gl iz sl ke A B itz sh 9 = [ i
SR, A 1 Fs AR AR AR U, T
AR~ PRz J12# 7.

Bl ¥F=AadEshhFHY
Fig.1 3-DOF dynamics model of the vehicle

=AM E S
Lr'= aﬁ:zﬂ,/,F»f. - bjlef

(1)
m(B+r o tmh'= 2 (F,+F,)

=M=
1,0"+C,0'+K,0 = mghb+m,a,h
LR

_ mgb (mawht+K,0+C,0' )b
Fa= Sty b.(ath)

Fo- mgb  (map,h+K,0+C,6' )b
"7 2(a+b) b.(a+h)

F - _mga (maw h+K,0+C,0' )b
"7 2(a+b) b.(a+h)

F - _mga _ (map,h+K,6+C,0' )b
" 2(atbh) b,(a+b)

FEREM D A1 -

a = (v, +arv -5

(2)

a, = (v, = brv,” (3)
IR~ r ARIE AR 8 R 0ol
30 4SS 51 A 1, 53 90 5 4 R AL Sl 15
TR S BURS S i s m B AR B s m, AR 4K
[t s Ky SR MSTFA WIBE 5 C, S IBERELE s b Sl 28528 5
O BRI s Fy G fr ) 5 R
] 15 Fy SRR TE W 28007 50 A1 b 4350 38 A 0 2
HAEHIEE B850, S B3N A TRk RS, A SO v,
HEAE s a, A NS, a,=(B 47 v, s h, HHEHE

O B 5 6 N B BV A AR ZE R o F o,
53 A E RN Ak S 0 O £
12 SHEREME RIS EFAREE

U EHn PSS Es PARS iUk ity sk (]
HAHEFEE e m b, N M 45 Bfr e %
W15 12 PR 16 0 1y T #7284 5 ], 255 P 30 vy
N7 2B o) B I 00 1) o B R AR R M R R RN
FVRRPE , DL GO 1) 30 10 32 3] B TR B 45 1Y)
LI AR SR AR A IR A BILL 55 R0
[ IRRRAE.

F,=uD, sin( iZL } C,arctan[(2-u)Ba(1-E, )+

E,arctan((2-u)B,a)]
(4)

Kt o HFC TR A (deg) ;s F, 45848040 (kN ) s B,
HNIEER 5 C, MIEAIRE 75 D, IR T E, il
RINT 3B, C B, ¥ 5 R HATA K. 7E L By W
L

Bl = assin(agxarctan(a,F,) ) (5)

SR RARICR & ZE] th R R
D, = alF? + F,
E).:a(,F;z+a7F;+ag (6)
B, = B /(C,D,)

JEAR A X EE AL T 1 28 ai~as 2 BROCHR
(12145 HEEAE, R 1 R A 2) M) AL
(4), RIVAT A5 SR A5 S O e £ FH 5.

&1 BRARARIRERSHES

Tab.1 Magic formula tire model parameters™

a @ a ay as as @ as C,

-22.1 1011 1078 1.82 0.208 0 -035 0707 13

2 RABEEEN AFS BT iz 28

SCHR[14-15138 01 , 3k 18 SR BHASURE 428 £ o B R
B3, AT BE BT R A 1B AL AR SCER B S TR R
S R IT o A0) h FF ) 4 7 oK AR R A 45 A Sl
T O O £ P 152 22 , Ry T A4 ) 34 A 1
ARG P

RT3 A T o ST

S=r=r+A | (r=r)di (7)
Lol 7 T 1 <
Se=B-Bu (8)



4 IR R A AR 2019 4F
LRA TR - A6 V', i al 7, Friscit a4l 5

S=S+AsSs (9)
A, RGBS A 2 PSR T R 15 3R
B, DR G B O S A AR DURYE T 405 K LA
PAAE, D BOM DGR LR 5T, A ST A
BUE R 15, R B, 43 50 BRAEURE 425 A7 35 B2 0 FHLAR g
O A, A= CL0) B, I R4 — A i B
BOATERRAS e ) TR 2, HL [R5z 21 i 1 ffT
B RBLTR.

JL . JL 0.85
rd:sg“( Teko? Sf)xm‘“( T+Ko? Sf‘ ‘ s ‘)

ma,’ mav,’ \
Bi=sgn K.L Xmin K.L ,arctan(0.02ug) )

L(1+Kp2) U L(1+Kp2)
_m_ L_L)
K= 12 (21(, 2K,
(10)

KL IR s K, A K, S RS S Ze kil
P HIE s sgn SAAF5 PR
XTER GRS, 155
5= 3 T |52 |
+(A=Dr=Ar,—r1,/-B/ (11)
A S'= 0, 153 SRS M 1) g 2%

b

ZFV ( I . ) 41/ =(A=Dr=Ar B/

1
S

Fyro=

(12)
AP R G M T S RO E i
[AZSEY =Y NERAS R AN EC L ERTTIEE I N
PRI BRI B A
Fy=Fy,, - keat(S/e) (13)
ko AR T 0 HH sat (o) AT REL, ik
E2woR
Ste if ISIse
sat($/6) = sen(ISl-&) else
Ko FNFUERE, &50, 75 & {8, AT R M)
DA il R G R RRE M, D T i
TR VR PR

(14)

v=L1g=0 (15)
2

K2 e PRECKR 3, 15 3 -
—ko(%+m1v |S-sgn(ste) |Ste [>1

|45 I ! (16)
-ko(%+mlv |s7e S/e | <1

WHEARHA F ER, FEARENTHRE
AFS R2gefEtilim A, B ESRALE BN f A6 %
JEFE NG A LM Rk B R B 1 3 [) B ) A
AET, A8 HYSK Al i 48 MG WA R AR, — 7 ik 2
TEIE 2 FTT F. AT O0 T , A 2R AR 4= 58 1)
A c, SRIFTHE BARMU W £ v, 55 5052425 00 i £
o FUZE(EL, B AGy = iy — oy, I T I LR [ERG JEE 22 5
J3— MO LR R IR F, = f(o, F.) il R
YT RESOR AR R MR A au, B au = f1(F F).
ARSC T HTETRYS AFS 5] R GoxT #ga vk n
ERE ST, BRI AT A7 PEASE6 S H B9, BlOR FH TRt 2
195 9 SR TT 0 B I S AT RS WK A

3 UKF RZESW N 25 % B8 M & 2 E8h T

AR (7)~(13) R, AFS Fa e Ml 2405
FURBCE SRR A B ro SRR ) F1 F,, AN
F, ZERBT MM B, LA T B R A w SRR
{5 ELART X SR A i, sl PRI A &, anfe s 7
BRI 2 AR B R (75 43 A, B PR TG ik B4
0 T B R A, T EOE o R L
B 7 O AR 23 P B B . AR SCR A TG -R 2R
SEN T A EERAS I R G5, W0 i 1 B RO
RGO ] 70 2 SR BRI R, N e 1) =
ARASAR frp o WA, @ ESP RGP ELE Y IMU 1%
TSI 2 2 S 050 A T R AR A R R A A ) ]
T BEARARAS, B ESP R GEBC A 10 ) M AR AR5
PG SRR B T R 0
REE L.
=[B.r.0.0" ' Fy  Fy B, I
Y = [a).,r,ﬁ' Ir

=

Pl X = 8,800 s B!

DL R GRS R AR (1D)~(6) S
3. B = A WA e R GRS S
W 7 34 Sy e T MR, ELO 2256 40 R Q
R, UKF ARV R Ge i) L AR flrRts,

D BORA R BRI ANy 22

)A(o = E(Xo)

Py=E((Xo = Xo)(Xo = Xo)")

(17)
(18)



%8

JEIEGRE BT UKFE AR A K2 g i S 2 28 Kl AFS $22il 5

2)1H5- Sigma K1
B n AEIREBTAE k2SR R X,
Xﬁ@ﬂ@fﬁﬁ%%ﬁ%iﬂ Pk\k ) I)_I\IJ Sigma E‘Ji—l‘%iﬂ
X = X + VnPy k=
Xok = Xpg = m
3 VIRZS T BB
Xf bSO B = A R A e R
VU Bt i — P B BT 12 R T B A 2
Xt Zf(Xk,uk,tk) (20)
8 ok B R X Sigma 5 PEAT AR £ T I
A
Xt = S0 w51 (21)
XF o AT BT AR k+1 B2 e g0 Akt

2n

Xy = z 217/\/k+l\k (22)

k=1

SR ZRI DI TT 220 -

1,2,-,n (19)

2n
wa = z 217(Xk+1\k - Xk+1\k)(Xk+Hk = Xp )T+Qk—1
SR S 2 (]

(23)
4 ) T SR
H 0 5 FE X 4% Sigma s tEA T TG AR 4
Wi = hOxe w1, (24)
WS I B RS N — B I .

2n

Zk+nk = z 217¢k+1\k (25)

k=1

T I A T 2500 -

PZmu Zk; 217 (wkmk ~Zyan) (¢k+l\k ~Z)" + Ry

(26)

SRR BRI R 20
2

wayw Zk; 217(Xk+1\k —kak)(',ﬂkmk L )!

(27)
DR A A A -
K. = Prteciianarn! Poesi (28)
ESC NI RY AR R
Xisinr = Xiswr + Kiwi(Zt = Zio) (29)
AERFITT RN -
Prawa = Pray + KknPZMK}Ln (30)

AR A a0 A AR, DL e (17) ~
(30) 7R BYFIE , 58 A O BRAR 2d n f 25
FR A PRSI R GG AR B —1Y

5 BRI b SR HIRCR — R oK.

I, ARSI ) AFS RS F R il gk
R 2 B, BV IMU ARSI 42 0 R4 A R
JEE A pe] Jo SR N A B AR R 4 SR UK SR
LI 32 0 1 a0 B 1) 5 o A A )t AR 2
R VE N UKF ARSI R Geki A L shS Ak 1
T B AR e G 1) 7 A AR A BT
Tt £ B FLAR AL FR SRS Ry WA o] B v PR AR S e
TR IE ISR TR A R A IR O ) T, PR
INE P S 2 SR i i 45 21 BRI 4 5 A AR IORS i 4
{ELfi.

I, 0,00 v, 68
y
T4 ,,3‘1

ol

UKF RIS —————
o Fys Foas B,

AERAET | e
TR e

B2 AFSIEH| A4 REH
Fig.2 Schematic diagram of AFS control system

fepser ki

4 HESSH

ARSCH LA B R (= 0.8) BT b 04T f14%
IRy 5, DLRARR A 22 80 (w = 0.3) i 10 _E AT 7
T SR B BRI AT, DL P ] AR G A 5.
PP T2 T AT B4 0 60 km/h, X R PR 1] £
A anlE 3 s,

s 1] /s
B3 i
Fig.3 Steering angle

P 4 B WA R 7 , 76 44054 i B B, UKF
AR VLI 28 GEREAS LU TR i ik 3 i v B2 22 45
P 5 AL 6 3[R W, JoeCo Mg £ Al e O i £ A
Je e e O 1y SRS A A THEL S HSHEW &
JEE 7, YR i P AR SRR I B IR



6 R R A4 (A AR BE R 2019 4

L0 ' ' ' | R Z HATIRA (B 7.25 s B A BIGE 5, ArprT
AR B BL, AFS RGEHIA AL 501 73 Bl 5
Tt HARCIR A, B T A AR,

0.6 =
04l i —AIS
- 04 A p—
L 0.2+ W FHAL(E
< .
=  0free- 3 e e
0 : ‘ ‘ : oy i &
0 2 4 6 8 10 0.2 4 s
fif [ /s % -0.4f - <
[ o~
B4 3@ A R R4 0.6/ T
Fig.4 Estimation of road adhesion coefficient —0~80 5 4 6 ] 10
s [E]/s
(a ) RETE STy LE
0.30f TN —— AFS
025} s N L B
=] ' ‘
£ 020r / \
APl /s & 0.15 ! \
\ Z 010 / '
Ca) B Co i £ 2 /! \
5 0.05¢ K ) 1
& o—~f —
-0.05} N 1
0.1 . . . .
010 2 4 6 8 10
s [E]/s
B 1a) /s (b)BECol i £71
(b )BT £ B 7 &40XIRT AL AFS #2569 2 R0 1

B S S4MKILEFRES L ]
Fig.5 Comparison I of vehicle state

estimation for fishhook test

Fig.7 Results comparison I of vehicle state

estimation for fishhook test with/without AFS control

~ 0.3 '/..\\\ _______ - T ATS
o020 [ - el L B
- ] | S m————
2o [N
EP( of i [ d \/’ /:‘
Hooaf 5 U 7
i)/ J;EEE 02 o N e
Ca )l 2 DMV D 1 1 =2 Mo
53-0.3
= S
-0.10-0.05 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
s []/s
N (a) JSECo MR FF1AH T T
H ] /s 20 . ‘ ‘
() A T -
A6 #AMKITIE KRS 2TIE 2 _
Fig.6 Comparison I of vehicle state e‘é 20
estimation for fishhook test El 40
$% -60
WA T AT B, BT AFS B RS 3% 0
BB T AR AR A R L IR D TR A %% 20 40 60 80 100

oo 00 s £ 18 9 5 P18 Ca) DU A2 7S 40 1) )
i £ — T Co D00 D R S EE ™ P TR BT B2 RAE AR N
A — B, B T AR R AR E 5 1 8(b)
L 3 Ak A L B0 s T A A I T 00 7 1)

i [ /s
(b)FTRl L
B8 &4)MXIILT AL AFS #2469 25 RAf ik 2
Fig.8 Results comparison Il of vehicle state

estimation for fishhook test with/without AFS control



5 8 10 JEI SR

T UKF AR e s i b 28 JAli it 9 AFS 421 7

& 9 Ry ) 45 £ B R A T 000 1 386 v o 25
FBUNHEE R A 3 B%E 1) £ i I8 A il £ nT
W, AEE AR [RIBYBOS , UKF S 2R 4 b i v
Mt T B A REE R R B’ 10 A 11 [RIRESGIE
TH R A T I F UKF W R S v, K,
I iy 2 5 B S i BEAR T &

s []/s
B9 s E R

Fig.9 Estimation of road adhesion coefficient

50,04 A
B 0 2 4 6 8 10
A e /s
Ca) B Lo At £
- N
£ 0.1
= g
;—01 L L 1 L
20 2 4 6 8 10
A 1] /s
(b)ATFe M w

B 10 Brskdr N LU F 4R S A AL 1
Fig.10 Comparison I of vehicle state

estimation for step input mode

1000 ,
<Y
0 . .
0 2 4 6
H ] /s
Ca) S5t 2 AR G0 ) 3
1000 :
%E soof
LB
0 . . . T
0 2 4 6 8 10

1)/
(b)Je A e A I i) 7
B 11 s N TOUE R S A1 2
Fig.11 Comparison II of vehicle state

estimation for step input mode

MIET 12~ 8] 13 Jr 7 B 4 SR8 A T3 J3E B S
)G 7 0 S8 PTG R B, ARS S 400 1 4= e 432
AR, A RO N T A S O i 4 A R
AFEAS, H BRI R A A2 % (6 ; I 14 BOBLIE
IR, FETHRAS LI Y AFS F2H] RGE0E 450
JLP B AR PLE AT, P AR e TR A

I, L OREF T RAFHIERINE.

0.30
- 0 251
L r'\
’_5 8 ?2 .'l \“ l"\‘ P
= [ Ml AY > Sas? -
% 0.10 .: l" \\_l"
e N ol
o
EE' 0.05 '.'
#-‘5 0 ‘—-'v*-vr"'
003, 2 4 6 8 10
A []/s
] IR J3Z N
A 12 #MIE Ak EAT
Fig.12 Comparison of yaw rate
0.01
0 —AFS| |
. [/ )]
E -0.01f \
& -0.02r ) ™
E \‘ l" ‘\ Fd == N Pl T
= _0 03+ ‘\ '," \\-/, SO
—0 04 \ ?
= 1 7
: 005+ \
-0.06, 2 4 6 8 10
E
(a) BT.Co i £
0.06 e
~ | g ~
T, 0.04 o \,
=z 002f [/ S
= ! -
b 0 i R .
0020 R
E-0.04" M.
% _0 06 Tt e
S -008 — AFS
h‘g_o 10 s ‘
-0.06 -0.05 —004 003 -0. 02 —001 0 0.01
s []/s
(b ) S5 Co M £ AFF- T

B 13 M-sk#rN ol R 2tk

Fig.13 Results comparison of step input condition



2019 4F

8 TR R 24 (A AR
801 1
80
£ 601 70 1
B 60
451401 1
= 115 120
#o0p ez
— A
() frrmmmmmmmmee [T AFS

0 20 40 60 80 100 120 140
A a] /s
B 14 47380t

Fig.14 Comparison of driving trajectories

5 & &

D& T AR = [ ol B gy 2E i SR e
R ) B0 BT TR A B RO 0 i £
PEFs Tl 78 5 B X Fa 1 BB BT 5 198 2 bR A ¢ e o
FZRH L ESP RSCALE K IMU (248, F R
FEOE | 0] i o T AU S S A e, R
T UKF it TR RS, sh 8T %
R AR T T R B, MR RGN TR
A EISEI

2) 7% AR ) 4R Ao 5 50 G A 2P R P X 4
Fab s, SR FH A & 6 i A 1 B B EAR s e

AR, VAR T 2 TR A B 3 SR i A2 A )
PR3 T  EBUROE | B2 X ity i pua ) i
HE MR IBUT 5 1 B N5 F e/ , 765 08T B RN
FNAHE R AT RE PR AL A BRE 5 BB 2R BB T
R T RGP T,

S 3k

[1] KASSELMANN JT,KERANEN T W. Adaptive steering[ J ]. Bendix
Technical Journal ,1969,2(3):26—35.

[2] KIM S,KWAK B,CHUNG S, et al. Development of an active front
steering system [J ]. International Journal of Automotive Technolo—
gy,2006,7(3): 315—320.

[3] MA X,WONG P K,ZHAO J,et al. Multi—objective sliding mode
control on vehicle cornering stability with variable gear ratio actua—
tor—based active front steering systems[ ] ]. Sensors,2016,17:49—
65.

[4] ZHANG J,KIM J,XUAN D,et al. Design of active front steering
(AFS) system with QFT control[ J]. International Journal of Auto—
motive Technology,2008,9(6) :695—702.

[5] BUARHE, REV INES. EHEIHFE R B, SHFEER RS
WHFELT ). IR ZE T RE,2005,27(4) : 442—446.

ZHAO Z G,YU Z P,SUN Z C. A study on H.. robust control for ve—
hicle active front wheel steering system [J]. Automotive Engineer—
ing,2005,27(4 ) :442—446.(In Chinese)

(6] BRI, R, 28 JET w45 G SR E AY DA e 1] ZE AR
R st ()], i E TRRIE,2005,7(4) : 54—58.

YIN G D,CHEN N, LI P. Handling stability for four-wheel steering
vehicle based on p synthesis robust control [J]. Engineering Sci—
ences,2005,7(4):54—58.(In Chinese)

(7] WR1EFy, BURRE, BRI ZE TR TSR H: mpr st
[J]. AP EYUR T A, 2005,7(4) : 54—58.

CHEN D L, YIN C L, CHEN L. Study on active front steering based
on state —space observer [J]. China Mechanical Engineering,
2005,7(4):54—>58.(In Chinese)

[8] ARIPIN M K,GHAZALIR,SAM Y M, et al. Uncertainty modelling
and high performance robust controller for active front steering con—
trol[ C J// Control Conference. IEEE,2015: 1—6.

(9] Jalke, BUR, RUE, 5. BT Him b RAH TG AFS #6156
AT ()] IR R 2R HAARIAERR) ,2017,44(4)  16—22.
ZHOU B, TIAN C,SONG Y T,et al. Control strategy of AFS based
on estimation of tire—road friction coeffient [J]. Journal of Hunan
University (Natural Sciences),2017,44(4):16—22. (In Chinese )

[10] HONG S,LEE C,BORRELLI F ez al. A novel approach for vehicle
inertial parameter identification using a dual Kalman filter [J].
IEEE Transactions on Intelligent Transportation Systems,2015, 16
(1):151—161.

[11] BOLANDHEMMAT H. Distributed sensing and observer design for
vehicles state estimation [D].Waterloo: University of Waterloo,
2009.

[12] PACEJKA H. Tire and vehicle dynamics [M ]. Oxford : Elsevier,
2005.

[13] . HTF 40 S THR7ZE EPS Al AFS £ sl i 52D ).
Kb IR R, 2014,

FAN L. Research on integrated control strategy of electric power
steering and active front steering based on the estimation of tire
forces[ D ]. Changsha: Hunan University,2014.(In Chinese )

[14] BRI, ZRLIA, FRES 45, I T WP h B0 1 ZE i i 1) e
PRI T ], KM CHARERR) ,2007,30(8) : 1—5.
ZHAO S E,LI Y N,ZHENG L,et al. Vehicle lateral stability
control based on sliding model control [J]. Journal of Chongqing
University( Natural Sciences ) ,2007,30(8) : 1—5.(In Chinese)

[15] WU X,ZHOU B,WEN G,et al. Intervention criterion and control
research for active front steering with consideration of road
adhesion[ J]. Vehicle System Dynamics,2017(2) : 1—26.

[16] P95 FetRREM T RoxE H. RARLR Mg (M ). kBRI, 2
T LA E AU BBy Tl itk kit , 2013.

DAN S. Optimal state estimation: Kalman H.. and nonlinear ap—
proaches [M]. Translator: ZHANG Y G,LI N,BEN Y Y. Bejing:
National Defense Industry Press,2013.(In Chinese)



