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Estimation of Adaptive Robust Unscented Particle
Filter State for Four—wheel Driving EV

LONG Yunze', WEI Tao, FENG Jin,ZHANG Ruibin
(School of Automobile Engineering, Guilin University of Aerospace Technology, Guilin 541004, China)

Abstract: In order to solve the problem that key state parameters such as mass—center sideslip angle of the ve-
hicle can not be directly detected in the torque control of four hub—motor driving vehicles, and the measured values
such as vehicle speed are easy to be interfered by random errors, a seven degree of freedom dynamic model of four
hub motor—driven electric vehicles is established, and the filtering estimation of the driving state parameters of the
whole vehicle is carried out. Based on robust filtering principle and unscented particle filter algorithm, a vehicle
state filtering estimation method was proposed. Using adaptive robust unscented particle filter, the accurate filtering
estimation of longitudinal speed, lateral velocity and mass—center sideslip angle in the process of electric vehicle
driving was realized. The joint simulation experiment platform of CarSim and MATLAB / Simulink was built to verify
the estimation algorithm. The results show that the dynamic model of four hub—motor driving vehicle has high predic-
tion accuracy for vehicle driving state, and the adaptive robust unscented particle filter algorithm can effectively fil-
ter the measured parameters and has high estimation accuracy.
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Fig.1 Four—wheel driving electric vehicle

model of seven degree of freedom
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Fig.2 Structure and theory of vehicle

driving state estimation algorithm

T GL kLTI Wk ATAE AU R ok TR Ak
AR BRI e BB BRI B A 45 R 2 i 1 25 1)
R R TR AL IRLE i PSS kL7 ERAE 8
5 B S DU JRE R R A 7k R D e A 1k AT A
. SR RO AT S AR TR AL (HETIN T RS
TR AR . FERAE T 1 S BIORE 1) 2R sk 6



34 PN QR 2]

R IRk . 3 T2 T0 0 A U I B R ] JE

AN R B R SR Ay 2201 i

VU B SRR, TS5 G P 22 IR A TR A iy

B 55 A M S ARG TT 2 AR AR KU A B S AR

LR R & . TCIRL T UE A b T LA S B g

AR R G TR, HAEAIr R T
DHIIAAL k=0, IS5 53 A1 ) i IR A7
;(Oi) = E[xg)]

I (16)
Py = E[ () = 2 )i - 70 )|

%y = Elx, 1=[(x, ) 00T

P((Ji)u — Eli(xg‘)a _ ;(Of)a)(xg)u _ ;(Oi)a )1] _

P{'0 0
0Q0 }
00R
(17)
Ky P BV TR B 2 sy
PO 43 I Sigma 5 ECF IR 2 5Q R 45
R FR G T 2 B RO B 250
2)FEEMRAE . 2 Tl R R 2 BT R SE
5%,
(1)FhH Sigma S .
xyklz[;f?l;f?,-//fﬁjifiﬁ&?j;f?l+
Mm+Mﬁ&] (18)
Aol pi A3l Sk Al UKL £ Bl R R 2%
R A 53 SR ZS AR RO 45 1 LA R T
(2) X%} Sigma S AESEAT— 2500 .
xiﬂ’:_l =f(%" i)
(i) .
|

"“
o — m  (i)x
Xphk-1= W} X k-1
j=0

(i) (i)

=0
(19)
Z;di}:—l = h(xgl):—la x;:k—l)
2n
= N (20)
Zkui—l = EIV,‘(ZJ%M—l
i=o0

P B T Sigma ki
FORAME BCEWIRRT 2220 Z S
T Sigma 155 A UL 572 F7 A5 L0 (2 UL 00 24)
(. W™ W53 1 Sigma X R A3 (55 B AT H
ESIE 2R

(3) Tl ARSI | T 37 Sigma £ AE I /K2

2n
(i) — z o (i)x . (i)x - T
Pk\kfl_ IV, [xj'k‘k,] xk\k—l][xj,k\kf] xkk—l]

2022 4
g ST 2%
2n,
— () [ 7 (i) (i) @ qr
PZLZ - EIV, [Z,‘.m-—l - Zklk—l] [Zj,klk—] - Zklk—l]
i=0
n,
_ (O 00) — (i) —O
Pxpzk = EIV, [xjvklkf] = %] [xj,klkfl = %]
=0
K, =P, ;P ,

— (i) — (i) - (@)
Xp = Xyt Kk(Zk ~Zw-1)

- (i)
— pU T
Py =Py - KkPZ‘_ZAKk

(21)
P, P, S AR S Py 25 A1

Y% K, Py AR R S
R RS AT 2% .

3) ARUPF % . ARUPF 5 36 35 T 40 2546 1 0k
P X Bl 7 S AR (S I S A
FFry e B A W X B0 ) 2 R R 22 I DA . 1k
P, R A 1w, B R B U S5 AL R P =
diag(P,, P,, -+-, P,). i J/ IGG (Institute of Geod-
esy&Geophysics ) J7 1577 AR SE MM AL RREL, LB AT

Py (| vi| <K

_ K Vi

O & ol RCRINES
0 (|vi|= K,

(22)

RV, = Ax, - Zo G R B 28 5 A

K722 BUE L K, e (1, 1.5); 8795 N 12 % Bl
wH K, €(3,8).

Ao S S A [ R A, BB [ | % R Gk

25 i EAT R . TAS O T2 R R 2 IR Y &
GRS BN -

— (i)

o -1
xrk:(akP;+A,TPKA,‘) (akP;xk +

AlFEZm,J (23)
1 (‘A;k‘sc())
A% )
c, — | Ax _
ACE [ 1 - : ] (coslek‘Scl)
@, = Xy €~ 6
0 (| A%, [=¢)
Ax, = xrk—;;.i) / tr(z;y))

(24)
Ao, i HIE RN AT 7 H T ¢, 2% BUE L



2

Tz PRAE  DUSEUREN BV A 3&E N 22 Toaok: B PR S A T 35

co (1, 1L.S); T HF e, ZHZERETEF ¢, € (3,8);tr
MR I I AT

AR ZC 3 S W 2 ARA AU B P ot
AR THE S PR AE /Y 22 (802 55015 3 Nz R 7
a,. 15 PSS B0 BT Kalman 3925 SRR 114
1B SR RUA , BFR I — A

i S,
K'=P,P,

—(i)* — (i) * - (i)
Xy =Xt KA (Zy = Zw-y)

~ (i)

P, =aPi) -KP, K" (25)

k ZLZi

- (@)* - (i)* v
WO o p(ZJ)X, Ip(X, 1X;2))
.

LN
‘I(Xk lX(gt)k’Zl;k)
i KB B UG Kalman 8925 52, RS

BEAKIE, P WA 2 WO N RS 0k T
. AT RREST o, ST AR T4
SETIA 15 XER T T R A . M
RIAE KB S0 TR, 38 8 o I, T A
WL T AR . BRI ek T4 3 i
R PN AL 5 B 5 0 35
2% TR T 5T AT A 2 e L
R T KA SR WA, 57 4 B AR T 50 A
SR Y TR T 15

3 (AESLIEIE

iz Jf] CarSim 55 Matlab/Simulink #44: 3E47 8B S1)5
B TS R AT YR AIE . CarSim B4 T 15 XF
TER B T 2 R R AP AL By ) 2 4 FL AR
LAY (05 B BB B2 T 55 4, (7 BL 45 SR Bl [ Bk
22 VR 2 ) 3 RN R A R I B TR . AE CarSim 3K
A v DU S 4 0K Bl L Bl PR AR TR g S A as AT
SR B AR AR I 8 S 80 A Simulink 17 ELER
fF . 7€ Simulink £ £ v $5 2 4240 3l 0 2 R )
ARUPF JE U 5035 |, 4T 24 s AR B4 T, IR AG
THA 5 CarSim B BT JE 17X LG UE . 4% 42
KHESHNFE 1 R .

CarSim B 41 AU 356 F B B0 242 | {7 B 52 86 T 000 3%
FHISO AR L 5255 T4, 223400 30 km/h, [ 11 i 5 5
Bk 0.6. 5 CarSim 5 Matlab/ Simulink B¢ 2475 H
FERIUNE] 3 FIT 7

R1 BEHNFEBEXESH

Tab.1 Key parameters of vehicle dynamics model

28 Ml
B kg 1110
R B /m 0.54
J 0> FE R 5 /m 1.04
Jo 0 2 B B /m 1.56
BARLE A BRI (kg - m?) 1343.1
5 i /m 2.6
e FE I /m 1.695
Ja e /m 1.695
HERABIRE AR /m 0.298
H AR/ (kg  m?) 1.2
I\ HE V.
L P V.
S5 U £ B
WA HHR{E
N . i%%g measunmse
(O [ e " }? =R
Ry TN it e T i
UL EREEIE | T
A == S—-Function Vo
- = ARUPFHEE S B VoV,

process_noise State—space

B3 BR&p AR RIEA

Fig.3 Schematic diagram of joint simulation model

T ARUPF 392 , 3 HUPT Ak 1+ R IR 28 1) 12 2R
x =[v,0,B1" Lk Carsim #& =B ER > B4 AFE WL %
i T DU A5 1 ZE R S LS A B A & Simulink 42
B SRR ARSI . Carsim 38 445 RY ) T 58
R RSO T R 0 e R R A
FEN R 4 (a)~ [ 4 (e) BF 75 . 85 00 A7 -5 003000 1R 265
AFEHLME | L[R5 A ARUPF 38 3 #5298 470 546
D2 P % VAR 181; A W YA 8 W BNV | /=, W
TFUE U S5 GRS AGE 5 BEARE T EL, A 25 R
K 5(a)~E5(c) iR .

A7 EL45 S AT, CarSim #0014 B BSE 5
Simulink H T8 205 FL8) ) 2R (1) ARUPF R4S
THEMEET , 30 UE T ) Jy 2= R ) IE 6 M . PR AR
{ELAE 5 39 FR TR 1R Ak SRR B 1 B R Al i
25, TR ARUPF IR SAG THA A Sl fig o T 1% 452
L U8 VR AR BT AL B T R ) i, R
SAGTHEAE LR T UPF 583 . Irfi i ARUPF B U 2%



36 PN QR 2]

Bt AR A Y DB D BCR B, BA B B I
PR BiTHRE ST .

W
T

ﬁﬁ%z}%%/deg
&

=101
0 1 2 3 4 5 6 7 8 9 10
[ /s
(a)HTFEHE
g
=
2
R
2
H+
Fif ) /s
(b) ek
0.02
20
Pt
b= 0
=_
= 0.02
§—0.04
0 2 4 6 8 10
Fif T /s
(e)G\Imfn e
04t
o0
P 0.2
® o0
=
E—O.Z
=04
-0.6 . . .
0 2 4 6 8 10
A [ /s

()0 g o e

Fif 1] /s
(e ) R AR T RE
H4 FARiE R S mANRIL

Fig.4 Input parameters of vehicle sensors

2022 4
NI TRGE
8| HM
%Q 6' ........ UPF’ﬁT‘H‘{E
= O [ PE A
& 4r 1";-:3;
E ot 2. T
*j 0
B2
4+
—6F \ .
0 2 4 6 8 10
I} [ /s
(a) DA £
357 == QE‘;E{';{‘WE
el I PN
RK] o P PF it i

I 8] /s
(b) k1) %3
Of [== ARUPFITE
- I 170
TOAL [ UPEF i fH
O PF A
E L ™, .y .""
= 2 S . -
2,
=
E-2r
B W ‘
0 2 4 6 8 10
HiF [ /s
Ce ) ) 42 3

HS5 AT ARUPFAREAEHGALER

Fig.5 Simulation results based on ARUPF state estimation
4 & i

DT DU SRS A A R S AR~ A iR
RRRL ST T AR 1) ) DO 5 23 A SO Sl L SR A
£ A R EE B ) AR R RR A AR 2 IS A
AR, SEBN B A 1) A 1) A5 R T
D ff1 BOAG T, BAT SEBUSA IR L TR 5 S B H T
RE BRI PIE AR, . R U 5 73 A1 2K Bl L B 4R S
Pl ERAL T — o A S

285 T — bR A A AU I g e U 48 53 A1 5
YR B 7G4 IR B A R R 22 T RN AR A 3 7 0%
18 FIIGG J7 ik 7= 2 A A pR B, el 11 3 17 81 19 AR
FERE T A A ) 0 A SR A DM R v IR AR e
PR ER T A AL IR 22 , Dol I DL 1 4 il Ok LR
e, 4 i 1R GO TS L



2

Tz PRAE  DUSEUREN BV A 3&E N 22 Toaok: B PR S A T 37

3) 3z H F I NPT 22 DE D I, 455 JC IR KL TR

PR B — b Y DU S 5K Bl H Bl R A AR AR
AT % ARUPF J5 ik HAG W75 i PR AUR 4
G = AL S #5EE CarSim 5 Matlab/ Simulink BR&

PrEAF- G xR RS T 07 B A gk . 7 H

SEREW], T ARUPF 53k Y B AR RA K
JE i DU HURE T30 ARE PR L HRR A

S0k

[1]

SV A v N S O B % o0 R I el e R B i 7
PERIDCSEREARLRRLT ). MU R4, 2019,55(12) :99-120.
WANG Z P,DING X L,ZHANG L. Overview on key technologies
of acceleration slip regulation for four-wheel-independently—
actuated electric vehicles [J] . Journal of Mechanical Engineer-
ing,2019,55(12):99-120. (In Chinese)

PZIE, R, AN BT AR K2 DR A A T RS
it [y, BB S, 2015(1) :69-73.

WEI S Y,XIE R C,LI G. Study on vehicle driving state estima-
tion based on cubature Kalman filter [J] .

Manufacture,2015(1) :69-73. (In Chinese)
R P A AR, BT U0 RR 2 g P FRUE AL AL Y
R UE B ELT ], RIS P 241, 2018, 40(3) : 74-79.
RAN X H,TAO J F,YANG C X. An improved particle filter algo-

Machinery Design &

rithm based on UKF and weight optimization[J]. Journal of De-
tection & Control ,2018,40(3) :74-79 . (In Chinese )

TR LR BT A S T T R A BRI D 44
WAL BRI TR 72440, 2020, 52(3) : 445-453.
XING D X,WEIM X,ZHAO W Z,et al. Vehicle state estimation
based on adaptive cubature particle filtering[J]. Journal of Nan-
jing University of Aeronautics & Astronautics, 2020,52(3) : 445-
453. (In Chinese)

LUO J,HUANG B,WU S,et al. State estimation of four-wheel in-
dependent drive electric vehicle based on adaptive unscented Kal-
man filter[J]. International Journal of Electric and Hybrid Ve-
hicles,2017,9(2):151-168.

AR, VL, B, A IS 2k ST 8K 2 A RS S 0 UKE
THT). BRPU TR 4R GRS TR ,2017,41(3) :
379-384.

FU X,SUN W,HUANG B, et al. UKF estimation of state param-
eters of four wheel independent drive vehicle[J]. Journal of Wu-
han Universily of Technology (Transportation Science & Engineer-
ing),2017,41(3) :379-384. (In Chinese)

WhkRe , 2 R, B, 55 ARk ] g LS O R 2 G A 7
LI SR J] . P % A2 R i, 2019, 53 (1) -
131-140.

CHEN T,CATY F,CHEN L,et al. Design and verification for ve-

[10]

[11]

[12]

[13]

[14]

[15]

hicle longitudinal force and sideslip angle hierarchical estimation
method[J]. Journal of Xi’an Jiaotong University, 2019, 53 (11):
131-140. (In Chinese)

JINX J,YIN G D. Estimation of lateral tire—road forces and side-
slip angle for electric vehicles using interacting multiple model fil-
ter approach[ﬂ . Journal of the Franklin Institute,2015,352(2):
686-707.

Woew AR VML . IS 2R DRI B K i SR
L], SAUE 541, 2013, 1(1) :9-15.

YANG Y X,REN X, XU Y. Main progress of adaptively robust fil-
ter with applications in navigation[J]. Journal of Navigation and
Positioning, 2013, 1(1 ):9-15. (In Chinese)

WA Bl S ), 45 DO Sy SRSl L Z VAR T IR A 2Rk
fAHLT]. AR A (A ARRAAR) , 2019, 50(1) : 241-249.
CHEN T,CHEN L,CAI'Y F,et al. Cascaded method for running
state estimation of four—wheel independent drive electric vehicles
[J]. Journal of Central South University (Science and Technol-
ogy),2019,50(1):241-249 . (In Chinese)

AN, A ST A TR R A AR AR S B A
PRI LI]. 34 AR, 2015(9) 1 53-58.

LI G, XIE R C,ZONG C F, et al. Research on vehicle driving
state estimation based on strong tracking cubature Kalman filter
[J]. Automobile Technology,2015(9):53-58. (In Chinese)
BT BN . 2R B G TR AR T
FE3]. ALY A, 2015,32(12) : 113-118.

LIN,LI G,XIE R C,et al. Study on vehicle driving state estima-
tion based on multiple information fusion[J]. Computer Simula-
tion,2015,32(12): 113-118. (In Chinese)

XFRSE , XRAE . PUAR LIRSl BV XU BUR /R 2 10 B 3R 5
0] R IR 24 A RBHA R L 2019,16(3)
55-62.

LIUZ Q,LIU Y Q. Estimation of road adhesion coefficient of four
wheel hub driven electric vehicle[J]. Journal of Changsha Uni-
versily of Science & Technology (Natural Science),2019,16(3):
55-62. (In Chinese)

BEOE , AR, BB, — R0 A &)Y Unscented KL 78
PL1]. PEAETAP R AF2741,2011,29(3) :470-475.

XUE L, GAO S S, WANG J C. Proposing a robust adaptive un-
scented particle filtering (RAUPF) algorithm [J] .
Northwestern Polytechnical University, 2011, 29 (3) : 470-475.
(In Chinese)

MR, 7575, 4 A 20K 8 H 30754 Simulink/Carsim B A1
FOF G s, BUARE 2 5 H0R |, 2018, 37(10) : 1496~
1500.

CHEN J B, XIANG Q Q. Establishing Simulink/Carsim co—

Journal of

simulation platform for distributed drive electric vehicle[J]. Me-
chanical Science and Technology for Aerospace Engineering,

2018,37(10) : 1496-1500. (In Chinese )



