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Trajectory tracking control of unmanned vehicles with odometer positioning
compensation based on extended state observer

Liu Xiaosong' , Wei Changbin',Shan Zetao’ ,Shan Zebiao'”, Liu Yunging'

(1. School of Electronic and Information Engineering, Changchun University of Science and Technology, Changchun 130022, China;
2. Nobo Rubber Products Co. , Lid. , Hebei Province Automotive AVS & WS Product Technology Innovation Center, Baoding 072550,
China; 3. Changchun Meteorological Instrument Research Institute, Changchun 130102, China)

Abstract: The precision of trajectory tracking in autonomous vehicles is closely linked to the performance of onboard sensors. However,
various interferences can cause sensor data loss, impacting the vehicle’s movement. This article focuses on differential drive unmanned
vehicles, proposing a trajectory tracking control method that relies solely on wheel odometers. By expanding the state observer to estimate
total disturbances, it addresses the issues of reading deviations caused by interference in complex conditions and cumulative errors from
long-term odometer operation. Firstly, the paper analyzes the odometer’s positioning process and uses an extended state observer to
accurately measure disturbances affecting positioning. Compensation measures are then applied to reduce odometer bias and improve
positioning accuracy. Following this, the dynamic tracking errors of the vehicle are thoroughly investigated, leading to the formulation of
error equations for a trajectory tracking control strategy. In actual road testing, the vehicle is stabilized within a tracking error range of
0.21 m, verifying the feasibility and effectiveness of the proposed method.
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Fig. 1 Vehicle structural diagram
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Fig.2 Trajectory error schematic

2 EHERFEIEIT

2.1 BEITEMIMEREE

G810 5 57 D T2 2o S Sy R ARl A 2 VI D
NS 7 WO A Op-A TR (EP SN2 R D A % 0= vl
RGESHM SRR, IF B i e R Y
KA, — B ARy S R 22 | B ] A RS
ENLIRZE AW R,

585005 AR AT 8 A B AR FH £ AR
FENIAMET . UL a3 vl A, BURR T A I (B A AR R
FEFEINI R K AR B SRR S FEA
SCATHE AR ME SR TR BT S BOR 22 1 I R S — R 3
if,e X=[x y]".T-v=2AX(0) X (2) AJLIK
L.

X=T-v+f, (5)
X X FORERLER X SEf, =D(1) +E(6,0) +
F(0,v), T-vRWHE SO Z50E X R Y J5 1) 1 A ok
Sy,

TE A BT SICIR 25 I 25 UL 2R 48w e T,
ESO [t ey b ok 725 Ak 4 3h ) 8 7 st , (0 75 2231
BRI AR 7 7R A R e S S R
AR, % R 3 B fad B rh 2 2 8k 8h f,, 1)
FEERGE  JLFE R 0, FILBEA K ESO, K ESO

m=(6) FiR,
g, =z, -X
Z‘l =z, +T v -B&,
(6)
2 =23 ~ BrE,
Z; =- B¢,

sz, XX ORI, z, 2% £, U, z, 2 XTS,,
B, &, Fon WIS SEPREZ B AR 2E . B, B, .
B; #78 ESO B SHL,

KM Y AR N

X=T-v+f, -z, (7)
2.2 #=HIERIEIT

B %, =e, Xy Te, K, =d, Xy =d, ux\u},ﬁ}%ljﬂ\]ﬁ
XY J7 [0 Bl g 7 1R 22 YA B, WU R BRI 22 07 1R
CINYEET ¥

%, =u, +cosh v —x, +ux,
x, =d,
(8)

%, =u, +sinf v -y, + Xy

x, =d

¥



316 %A X

E 45k

HRAE B AT DAE th R GE iR 22 7 BRI e kRS
4% (linear extended state observer, LESO) A .

%y =u, +cosh v —x, +w, - o, (x, —x,)

- %)

;Cd =—o¢0(fc]
. (9)
X, =u, +sind s 0 -y, +x, -y (% -x)

) ;

A~

*a, == yo(x, —x,)

KL x4, ,56(,1 ,56(,2 R x, RN ROMLIAE . 2480
Qo Ay Yos Vi N LESO fHE %

L FUR S w0, 22 W81 0,
PR BT .

u, =— cosf *+ v + x, —;.cd — ke,
- (10)
u, == sinf * v + y, _;74‘ = kye,
P by by, WAERIRAESE S K = [k k]
3 REREMESN
3.1 TEAAMEREE SR
g1 BRI ege 1.
jau =0 (11)
EE 1 (6) HPRMM A HE AL R b a3,
-8, 1 0

Pesh £, W 1,ESO St A=| -8B, 0 1
-B, 0 0
A Hurwitz 55 WINR 2 € = [ £, ,¢,,8,]" Hiiltfa5E

UE R SOWMERZEN -

£, =z, - X

£, =2, ~fu (12)
£ =2 ~fu

X (1) KT ARARK(5) Fi(6) AT

g, =-B,g, t+¢&,

£, =- B,g, +&, (13)
& == P&, +f,

BB 1Al f, = 0, 20(12) AT LB R F B,

£ =Ae¢ (14)
KA A 8 Hurwitz JE[%  FELEFERE P L .
AP + PA =-1 (15)
PE#E Lyapunov PRECH .

V(e)=¢"Pe (16)
XPIZRBOR A

V(e)=¢'Pe + £'P'e =£"A"Pe + £'PAe =

e"(A'"P +PAYe=- |g|° (17)
Me—00T, X (6) WMiRFEe =[¢,,¢,,8,] " Wik
3.2 BnEfRNREES N
P i i 2 (10) 1 AZL(8) , AT R 40 R 1R
ZM BTN .

¢, ==he —c,

(18)

e, == ke, - e,

Krfrie, =x, - d, e, =5¢d) -d,. F(9) L ()7
F| LESO MiRZEHFEN

€, T T e,
€y, =7 Ol T d,
. (19)
exz = e(l} - ylexz
€u, =7 Yoy, T dy
Py = _ T _ T
B X /E =N El - [ex 78}] 7E2 - [exl 7841 ] ’

E;=[e,_ e, |" T RGERPUEIRERAZE TR T AR
E=CE +D (20)
E, C, B, B, 0
s, E=|E,|,c=|0 C, 0| D =|Bd,|,
E, 0 0 C, B.d,
C,=[-k 0; 0 -k]"C,= [~ 13 -a0],
C,=[-v 1y -y 0]",B,=[0 -1; 0 0]",
B,=[0 0;0 -1]",B,=[0 -1]",

H T C 2 Hurwitz 56 B, SOFEAE — > 1E 2 HFF H AT
% C'H + HC =- I J{{>7.,,

EE2 Mk ESBAEN, R Y00 IR iR 2
S ERRXIE Z,

Z=E| |E| <, # A (H) (21)

Ao CH) (1 = A, (H))

Ky AL (H) A CHD 5351 IEE R H 5/ ek
FRAFE

iE 7€ X Lyapunov PR#{ V(E) = E"HE %} V(E) 3R
S48

V(E)=2E'HE =2E"H(CE + D) =
-~ [|E|*+2E'"HD <~ ||E|* +2A,,(H) |E| | D] <

~IEN* +A (H)IE|*+A,(H) D] =

S (L= A (D) [E P+ A, () [D]* (22)
T
V(E) V(E)
woom = VEIS 3 (23)

Kk (23) A AR (22) T



57 1 /K % ¢ H TR A UL A 1 LR 5 00 A 2R L B ) 317
. 1 2
V(E) <= (1 1) VB + AL D] sl — e &
max =R NAME T 57
(24 | INAMETTVE /J"
BB B 1 AT A (24) 10N V(E) < 10 e
WA (H) WAL\ L] g ”
+( 0y = P hm )Xe . ’ R 7
1-2A,.(H) 1-A,_(H) 5 o
RGP IR SN AT R K 2, 7
d
rd
kY = Ay z
4 FESEWIIE 0 : - -
XJ7 TA)/m

XoF I8N 2 B LA i S 43 1 A T A5 1 L 43 B R 52
TR AT R I SR I E
4.1 HEMHFESRE

Pi BT RBM ST . B, =308, =300,
B, =1000k = 32k = 32.a, = 2.5.a, = 18.75,
Yo =2.5,y, = 18.75, SHMERRIE T .8, B, B,
Jx(6) PRI SE— BRI B, > B, > By, k b, N
TI0 PR A ) i Y B 5 S, AR M AT IR 25 B RN, DA L
1977 AP R i i 1, EAR S v 2 I k= 32
ky =32 ay, a,, y,, v, HEHUE JE N R £ 000
pr=s  +as +a, Mp, =5 +ys +y, MRELE AR T
s A B SR T AR X RN Y J7 1) 52 5

mﬁ@&wﬁ=mdgq\
5E<t < 10k

0,
5= :o. 02(¢ - 10k), 10k <1 < 15k
LIS 1 HEREAMEIR RS A E AL R

k=0,1,2-,

ﬂ%%?_}ﬁ%A%ﬁﬁ%ﬁ%%%%Z%ﬁZﬁﬁ
Fint HSE B STk AN 3 B, Fhrh e R 0
LIS , 1R 2 R A LR MR 2R AT B , e
T BT R BCME R W 2 J5 E W T sl . E
3 AJ LA R LR T M 5R W 22 S5 2 30 %) JpI s R B
AR FI B AT

SCEG 2 ENEOL BREE N LU BAE S IR AR
W2 % 8ok S o4l &, H ook oy R
o o010 S ¢ K 05 2L ]
y, =sin(0. 1z) cos (0. 1t) ’ - °
Sy TR R AR SO AR L BRI B s A A R A
LISk [ 20] H ARG PID &1 EAE & % 3t s,
PID MSHLE N K, =30 K, =15 K, =10, PR
AT BR R X FLSE B0 IR 4 Bt . R S22 0 423 1 30
BRI, KL PID #4612 sl , B4R~
RSO IREN T iz sh ik, YHRBIZ BN A
MBS, R TE e R I ) LS Ll e 25 . U= ZE AT

B3 HEERTHAMERAT IS A BLE R XT L
Fig.3 Comparison of trajectory tracking before and after

odometer compensation

QA EAS TE B, e Ay AR Y R R Al R B AR A A
— 2, SECERRT 5 0 B8 1R 22 0 3 i 2 5 B i A%
PR FER IR IR R b PID Sk O AR B T A
PEATAM, RLE PID 536 T (9 42 5 A% sh ol -5 J) B2 b
FHECIIAFAE—RE IR 22 . AR SCER 9 ADRC J5 A0 LR
THHEAT T THAMEE, SR T 4 FEEREE X AR 52, A
P 4 Rl LR 42400 B0 52 PRAT B 00 S A 55 ) B B0

gﬁo
8_
6k
4t
£
g 2t
&
ot
74_
-6
=20 -15 -10 -5 0
X757 18)/m

K4 SALATHPL
Fig. 4 Driving trajectory of double helix

5 fr7n o ESO Yl Wi th £k | Hrp 522y AR T
SR BN, iEZ N ESO WL E 143l A5 "]
X T 1) bz B AR 22, ESO B LI R FT LR
SE W R SEBRpE 2l 2R, B ESO B8 &A1 i AR 332
IS, ¥ J5 ) B2 B Eh A2 AR 2, ESO WL {E
FSEBME RN R 2R 22 (E R iR 22 A 18U,

K 6 S 4 ol s 1 22 . il 6 RTLIE X
J7 1) B BLE R BR IR 2 BN, nl LA AN, AR AR
THE Y J5 1) L3z BN P sh AR el 20 (H = NI 6 Y TF
li] A PUEBRER R 2R (LAEW 6 s Ab KA PR B AL IS



318 (O I O $45 %
1.0
X7 R
P - X776 ESQ M
Bl R
0 ™, AN 4 ""._ / , 4
Moo \.,/'f' %..,,/" R
4 10 20 30 20
ts
(a) X7 1)
(a) X-direction " =
10 Y IS
P Y 75 I ESO SLE
]ﬁ o~ - ,.ﬂ"ﬁé -~ - - "’.‘E -
0 J,/" L‘_'.M’ !_1".“ i.".".-' ’L. P /L’_.f E!,..-"
05 ) H ¥ E I: 7 . -
0 10 20 30 40 X
tls
(b) Y51 7 BANEZEEFA

(b) Y-direction

K5 Hesh R ss

Fig.5 Disturbance and its observation results

BT O B , e A8 O R AE 3 s Il AE 1
B3 PR AR 22 3G B BT 42 ) AR DR 22 0 8, O B
Y 7 B B R 2 R 0. 03 m, JIE SE 5 i #5 1T LAA AL
XA TAME

15
] —— XA HRERE
e
oK
i
=
_50 1'0 2.0 3‘() 4‘0
t/s
(a) XH7
(a) X-direction
0.01 i
A — YA FIBRERE
m -0017 i fi P
¥ -omly % '
m % '
=003 \ . : '
0 10 20 30 0
t/s
(b) Y1

(b) Y-direction

Ko Bilfmisinz
Fig. 6 Trajectory offset error

4.2 ZHFEEREMNXZE

S BT R A IR sh 22 s R G AN A K 7 Fios %A
9 S PR A R A SISl L B e g A K S L AL
MY1016Z-250W24V 4% X 5L 7 1 MT-3806-12-10-RS , 24
VYR L K 4 JE AR A, ARG R G A SR B
B PN ST SRSl Y 24 V/250 W ORY B H HL R A S
J1o BEARSCHTR S PID $aH 5 B4 i v EZ e
LIS S Bl O ¢ o [ B T W e 452 8V B W5 o UL B9
TR LA T AN AL A T I AR R

SR 1 R ELATHRRE R I, PIR AR

Fig. 7 Unmanned vehicle experimental platform

TR A 8 B, LA B AL, iR Z
PID #0424 AT BB, ih T HLRE I i RAIR 2245
ANENA R A PID Fd] T 42402 1 i 25 30 B 00, 7
ZEATRE 8 m SR I 0.2 m AR 2E . A AT 4%
i T B A AT BRI, R AT LR AR SO7 AR
TR B LR S R — 2

81 I
i e
i ===PID
ol 1 e Y
{
!
E 1
& /
i
i
2 L
0 . , , , .
-2 -1 0 1 2 3 4

XJ7 Fl/m
E 8 H&ITWHLT

Fig. 8 Straight travel trajectory

2 AT LR, N T LR
BT A A, BT R A E AT SE R, % HAR
B N — AR B 90° %% [n] (1) 25 18 FE AR, G905 shis B
WH(2.5m,0m), PR A S EE MK 9 Fi,
SEER R E AL, ARl PID 4T 0 B AT o
Uk, M PID 551N B9 25 38 47 B0 B0 A4 A8 Ak T %0, 4250
TEZ L 55— T Jo T4 B0 A 225 309 SR 0 1) a9,
FHAKT BT AMEE S B AL 18 22 B, F I 2 3L
FE 2 J5 W B0 PR v A S0 i 2 W R B, Rk AR
SOOI T W A4 T 30 0 | 78 5 A B BR R 1 L
o ESO X BURR 1132 B4 3l 14 T S B WL I % FL A7 4b

2 e AT i SE T TR st R RS 1R 22 80/, WA



57

XK 2 BT SR L 45 ) HLRR V5 M0 N A s B 47 ) 319

PR TTHE RSB0 A SRR TR, AR SO 4 42 1 7 ik T LA A%
R BE R ER T 40, B B i R RE

I P e —— WL
o, Rl
F —==PID
YVE ST
8r v %
L]
1 -
s Yk
O e
eayy, A
R R
4t H
1
)
|
5t
0 .
-1 0 1 2 3 4 5 6
X757 E)/m

Ko BT
Fig.9 Curved driving trajectory

TERRERINE T, TN 7 1Y 4 48044 SR8 7T 8 10 I K5
TR ] Bfe J0 N A2 0 JC 12 A 1 T B
T s JRUE Lk . R T i pRaX — (AR, AR SR M T — b
TR PUBIRER Rk . B et i oSl
TR W LR ST B DI Bl , ISR R I 54 A 2% SR o 4
e LR VT B9 (006 BE . LU 308 X 4 0 45 40 B R A
BT, B 15 A A RE R DG C % 2030 B o e, T T4k
PRI ER R 22 . oS ) FH TR D5 ¥ 0] 2 S ) 03 L
PEAT TR0 B, T 2EAT TS AR e, A R SR
B, SR Y ) D 125 RE AT S50/ N R R R 22, 2
e T RN ORI T @ . A ST f B T 48 50
LR A0 B0 R ) SR AN T 2R I N
g, MR T A R SRR ROR . IRt T 2 22
PR )T ] v & 5 o) B 4 ) A 0K ) 1Y A5 S T A JE N
B UG T AR, B ] AR SR Hh 42 o o
W HEAT R TR IE
BE3H
(1] 5%, Mk, 5KBEAR. T BFO-FPA 2T
NETHUVPLIE B B A T fe bl [ V], (AR 4R,
2023, 44(12) : 261-269.

LU Y J, WANG B S, ZHANG X D. Unmanned
helicopter trajectory tracking active disturbance rejection
control based on BFO-FPA parameter optimization[ J].
Chinese Journal of Scientific Instrument, 2023, 44(12) .
261-269.

AR, SCERUN, BORRE. B: T RGHA Y RS LI 2%
14 PO e 3 JE AL R B R R ()] AR AR

(2]

(3]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

i, 2023, 44(4): 129-139.
LIY F, WEN Y ZH, HUANG L W. Robust trajectory
tracking control of quadrotor UAV based on the improved
extended state observer[ J]. Chinese Journal of Scientific
Instrument, 2023, 44(4) . 129-139.

GUAN H J, WU SH B, XU SH H, et al. A planning
framework of environment detection for unmanned ground
vehicle in unknown off-road environment[ J]. Journal of
Automobile Engineering, 2023, 237 (10-11). 2387-
2401.
CLAES D, OLIEHOEK F, BAIER H, et al
Decentralised online planning for multi-robot warehouse
commissioning[ C]. Proceedings of the 16th International
on Autonomous
systems, 2017, 1. 492-500.
HOXEL, T, ER, A BahPlas KM A R
W FE R R AR B [T ], A 3h ik i, 2020,
46(2) . 205-221.

CAO F K, ZHUANG Y, YAN F, et al.

Conference Agents and Multiagent

Long-term
autonomous environment adaptation of mobile robots:
State-of-the-art methods and prospects [ J ]. Acta
Automatica Sinica, 2020, 46(2) . 205-221.

Wb Ez, ABRREAE, DR, BT AT AUV Bk
PRERIERES Jr i (1], hER R 24, 2024,
32(2) . 205-212.

HUANG H Q, ZHENG K J, MA J T. A sliding mode
control method for AUV trajectory tracking based on
Journal of Chinese Inertial

Technology, 2024, 32(2) . 205-212.
XIE Y L, ZHANG X L, MENG W, et al. Coupled

model prediction [ J ].

fractional-order sliding mode control and obstacle
avoidance of a four-wheeled steerable mobile robot[ J].
ISA Transactions,2021, 108.:282-294.

SRAX, T, ETZE, 45 @A LSTM Al PPO JEHk
Bl A AL T]. & 5 IR,
2022, 36(8): 132-140.

ZHANG Y, FENG W, WANG W J, et al.

navigation of mobile robots based on LSTM and PPO

Visual

algorithms [ J]. Journal of Electronic Measurement and
Instrumentation, 2022, 36(8) : 132-140.

AZIZI M R, RASTEGARPANAH A, STOLKIN R, et al.
Motion planning and control of an omnidirectional mobile
robot in dynamic environments [ J ]. Robotics, 2021,
10( 1) :48-75.

LI Z J, DENG J, LU R Q, et al. Trajectory-tracking

control of mobile robot systems incorporating neural-



320

O % 2 i

a5k

[11]

[12]

[13]

[14]

[15]

[16]

[17]

dynamic optimized model predictive approach[J]. IEEE
Systems, Man,
Systems, 2015, 46(6) ; 740-749.

YOO SJ, CHOI'Y H, PARK J B. Generalized predictive

Transactions on and Cybernetics:

control based on self-recurrent wavelet neural network for
stable path tracking of mobile robots: Adaptive learning
rates approach [ J]. IEEE Transactions on Circuits and
Systems 1. Regular Papers, 2006,53(6) :1381-1394.
TAGHAVIFAR  H, RAKHEJA S. A novel
terramechanics-based path-tracking control of terrain-
based wheeled robot vehicle with matched-mismatched
uncertainties [ J ]. IEEE Transactions on Vehicular
Technology, 2019, 69(1) . 67-77.

KIM E, KIM J, SUNWOO M. Model predictive control
strategy for smooth path tracking of autonomous vehicles
with steering actuator dynamics[ J]. International Journal
of Automotive Technology, 2014, 15(7) . 1155-1164.
CHU D F, LI H R, ZHAO CH Y, et al. Trajectory
tracking of autonomous vehicle based on model predictive
control with pid feedback [ J]. IEEE Transactions on
Intelligent Transportation Systems, 2022, 24(2) . 2239-
2250.

LEE T, KANG J, YI K, et al. An investigation on the
integrated human driver model for closed-loop simulation
of intelligent safety systems[J]. Journal of Mechanical
Science and Technology, 2010, 24(3) . 761-767.
TR, KN, RETEE, S USRS ) JC N E R
AT BRI B B P 1 7 3 [ ] AE R EE TR 2 2l
2023, 43(2) . 161-169.

ZHANG J, ZHANG X, ZHANG X Y, et al. Trajectory
tracking control strategy for oblique driving of 4WIS
unmanned vehicle[ J]. Transactions of Beijing Institute of
Technology, 2023,43(2) . 161-169.

CHEN CH, GAO H B, DING L, et al
tracking control of WMRs with lateral and longitudinal

Trajectory

slippage based on active disturbance rejection control[ J].

Robotics and Autonomous Systems, 2018, 107, 236-245.

[18] YOO SJ. Adaptive tracking control for a class of wheeled
mobile robots with unknown skidding and slipping[J].
IET Control Theory and Applications, 2010, 4 (10) .
2109-2119.

[19] HAN J Q. From PID to active disturbance rejection
control[ J]. TEEE Transactions on Industrial Electronics,
2009, 56(3) ; 900-906.

GUPTA V, ARYA P P, CHAKRABARTY S. Modeling

and PID control of two-wheel mobile robot with a

[20]

manipulator and its implementation in SIMULINK [ C].

Advances in Systems Engineering: Select Proceedings of
NSC 2019. Springer Singapore, 2021 603-610.
EEE N

XN, 2016 AFF 3RO AARAT I A
17,2022 AF TS5 M, B IR B TR
PRI A R, BT 5 1 A R
WS SRR TR, DR R S
Pl
E-mail : liuxs@ cust. edu. cn

Liu Xiaosong received a Ph. D. degree from Jilin University
in 2016 and then worked as a postdoctoral researcher until 2022.
Now she is a lecturer and master supervisor at Changchun
University of Science and Technology. Her main research
interests include information perception and advanced control
simulation and control of complex

technology, modeling,

systems.

BRR GRIFIEA) 2016 4 T MR
FARAFE LA, B KR B TR PR
(I RESE ST S-S X N I L
ERHTIT NN RGE A B F S
055 A T3 DA R A R |
E-mail : zbshan@ cust. edu. cn

Shan Zebiao ( Corresponding author ) received his Ph. D.
degree from Jilin University in 2016. Now he is a lecturer and
master supervisor at Changchun University of Science and
Technology, and a postdoctoral fellow at Changchun Institute of
Meteorological Instruments. His main research interests include
autonomous control of unmanned systems, signal detection and

estimation theory and compressed sensing technology.



