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State Estimation of Tractor Semi—trailer Based on Improved

Particle Filter

ZHAO Jinhai, WU Xiuheng,SONG Zhenghe", SUN Hao
(College of Engineering, China Agricultural University, Beijing 100089, China)

Abstract: Aiming at the problem that some key dynamical states of tractor semi—trailer cannot be measured and
the values of sensors are interfered by random factors such as engine vibration noise, an improved particle filter is
proposed to estimate the dynamical states of the driving tractor semi—trailer in real-time. This paper establishes a 17
degrees of freedom dynamical model of tractor semi-trailer first. By combining the particle filter principle and the
adaptive genetic algorithm to enhance the particle diversity, the piecewise proposal distribution function is
designed, and the systematic resampling method is used to suppress the particle regression. The in—time and
accurate estimation of longitudinal speed, lateral speed, yaw rate, and other states of tractor semi—trailer was
realized. A hardware—in—the—loop (HIL) simulation test platform was built to verify the algorithm under different
conditions. The testing results show that compared with the unscented particle filter algorithm, the improved particle
filter algorithm proposed in this paper can realize the state estimation of the whole vehicle under both ideal and
random noise environments, and has higher estimation accuracy.

Key words: vehicle engineering; state estimation ; particle filter; tractor semi—trailer

x  UEs B H7:2024-06-24
HEE&WH: BHEARF#ILE B H (51905293) , National Natural Science Foundation of China(51905293)
EEB N OB (1997—), B, i BB, hE Ol R 2 AT A
T W IFPC AN, E-mail : songzhenghe@cau.edu.cn



5 6 3

A TR A < T AR T B D R IR R 4IRS A 15

VRS A i T AR TR A P il PR T b
K, e T BTH) R A SRR I R], Rk TE B 2
M8 M T IO 4, IR Y 4
B, A EOMEE R, FILFEE 2R
FOIB A S R BRG] BeE . SRR S 4
AR VR © SO B T U F T BGR, T
AT Bk A v 1 Bl g 2 bR A S I SR S Wi B E PR A5
il 28R Y DG B A 3R . T L S S B R 2o L it R
A G AL s AT &, PFR N 2 TR
27 A% TR SR IV X 3K — Bk 8, 4810 4n A1) FH AR L ke
PR A A R B A BEAED SRNT, IR A
BT TR R A, S AR D R
SR T AT A B 1 FR A RS AE B A AR IR L
ARXSAS A MPR S HEAT A 3

H ATl 5 2 32 24 il e s A A vk i
BVE A AE S A A5V A2 R4 LT R A 07 v
S ON TR 22 0 2% 2 Bl N P A0 B3 4 G ) 6 £
JET AR LM R /N R AR A S AURNH T R E B
TREHR SN E RS T e  BARE ST
B RO AR, B AT R E R T, 4575
R BB T 7 RE DRI AR THRERE . e Ah , R AL
Ji 42 X T R A o A% Y A7 A S TR AR T R
SR IR | BRI BB X 4
P25 il v 0 A7 25 ) i SR LA . FEAR il g ik v
BT RIR S PRI B AG 5 B BN )Tz . bR
HER 7R S IR EOR RGUIRE T B2k, Tk E
PR T AW ARG AR K 2 i e 1 O ]
FERE PR A 2R AR et R e Aok S X AR 2tk
ARG Ah T (E 2 HE AT HORE I Y S e R R gk
A YR DE Y RGURAS A ) 4E B i, H
BN, HEMAE ARG S R RIELE RS
BRZERR, O Tk T R R A — E AR R
S 2 e R R 2 i I (unscented Kalman filter,
UKF) FIl 2 TR /K 2 38 )% 8 (cubature Kalman filter,
CKF) BE 8 13 Xof 2 4 4F 2k 1k 3 G2 AR 2 A 1 0]
UKF 5& T 030 AZ 4 A AR AR i, DA 2 1 R KL
(1o HEE 4% B2 43 A E AT 3 BL . CKF I ) Bk v 422
Ten] KL D) S At J 0 00 2 A AR B0 AR e P iR 3
i AR RS A TR P . {H2 UKF FI CKF 255K
FRY R E s, TR EER A AT R R P Y
RANPUIRSD 4 B4 sh 5 D R AE AL AR5 5 rh ol &

10 W 7 Ja TR AL P, TG vk i UKF 5 CKF JEER .
BT X I IR L, B2 T 38 I (particle filter, PF)¥G 54+
%5 5 VUM Al AR 45, 3 e b 2 S A
TR IS B0 A, AT 32 B AL P 52 e i) A 2tk
ARG HAT AR AT ROR . AR R T IR P S A
AT UGERE S H R R A E AR, R
K5 BATAEFAE A [, BF5E N PR Z kL2
B34 . JC KL ¥ 8 3% (unscented particle filter,
UPF) it it UKF 15 FI #8050 18 30 S 3550 A1
DLk B PR AORE TR ALY H A, (H 2 88U 2 R Y
HEBR AT IR 52 B R GE M 5 AN E PE RS2, 24 UPF
I T A BEAILR P Y 52 0 S BOHAR TR A
— TG PE

H A E A7 8 R RE UL ALk 1 T Bkt Sk 191
IG5 5] ), AR SCR Y — i IPF (improved par-
ticle filter RS AT , (1 38 N AL S0 0E Xk
THEAT AGE RS A S st AR A, ADRBRRL T2
FEPE B o BUR I A pR BN siokL 5 AL X
3, IR ZR 58 R AE 7 15 i G WA B RO 1 A
B HZEF, LU st k708 5k, IFf
IO T T A e R 490 A B AR A SE A T [R) R
AR SCHE R AR BR 0 B 5 JE 0 31 EA T S E
EVEXT R UPF 5505 AH L, SEUARIAEE S B ML 75 24
N i A 13 8 RES i S DO I S R Y
Fr g 7 rh AR S LA T, IF R IE—E B A T
R .

1 FEREINEDHNFEK

BEXT A0 G| 42 5 =l B S Rl R
YN, TELEA 2% FE ARG B 5T R i Ak I
ARSCHERANE L PR 17 A i 4 Sh  2p
174~ B H B 430000 R 28 51 B ghm A ) R 45 A
FE, FEA BR[Ol B A2 5 SRS 005 1) H O
PR 1245 hs A AmE . B1%:0,.0,5r
I =l o & S TR VA R L LY T 1 )
X,0,Y, . X,0,Y,, F M F R 52 2 09 m 775 0
W7, B ThRi A 1,2, 12, 768 1 hdsid il T4
JiG b B 45 B ) 1)

1.1 FS|EhhEHE
G N OEN IR NI €S e T S B (Ll /AW



16 PN S QRS )

2025 4F

Bl EHAEFEFHHFHER

Fig.1 Dynamic model of tractor semi-trailer
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Fig.2 The theory of the estimation algorithm for states of the

tractor semi—trailer
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Fig.9 Hardware—in—loop test results under random noise conditions
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Tab.3 RMSE of estimation under random noise condition
G| YN, g A
T AR rad <) AR vl SR (rad<) BB S
me-s me-s

UPF 13.2827 9.866 5 0.488 9 2.0325 1.562 1 0.780 1
IPF 0.006 0 0.063 8 0.003 5 0.001 1 0.000 6 0.004 5
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