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Adaptive backstepping control of wheeled mobile robots with

parameter uncertainties

SUN Di-hua, CUI Ming-yue, LI Yong-fu
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Abstract: Based on the dynamics model of wheeled mobile robots, an adaptive backstepping method is used to design
the controller for tracking the trajectory of wheeled mobile robots with parameter uncertainties. The adaptive control laws
based on the state feedback are developed with backstepping approach through a step-by-step selection of appropriate
Lyapunov function. The motion stability of the wheeled mobile robot is proved by using the Lyapunov stability theory.
Simulation results show that the proposed method greatly compensates the effects of parameter uncertainties and improves

the system tracking accuracy and robustness, in comparison with traditional PID control laws.
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2 B 1% FER (Dynamic model)
2.1 B3P A3 A A # 37 (Dynamic
model of mobile robots)
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Fig. 1 Mobile robot with two independent drive wheels
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Fig. 2 Adaptive backstepping control schematic of
wheeled mobile robots

4 Faxe k4 Hr(Analysis of stability)

51382 1(Barbalat5 | B9 7R 5 f () 77 [0, +00)
RSO F HA R [ f(x)dotr fE 1L
AL W T £(6) =,

EE 1 MARSGADFHLEHEQHMSEA
& NN, 24t — oolit, ey, es, esWIIT ISR E.
VQ = —k‘le% — k2e§ — kzgeg < —k:lef <0, (28)
BT LA, VofEt € [0, 00) b2 B Al s 3 ph 2, Vo ()
< V5(0), YVt e [0,00). HVatEt € [0, 00) LA FH.
I, €1, €a, esFIE, kAT FLiK, Bley, ea, €5 € L.
X C28) IR 4), AT A
L@o kre2dt < — fooo Va(t)dt =
V3(0) — Va(o0) < oo, (29)

Ble; € Lo. [AFET[HE €q,e3 € Lo, BIfG €1, €0, 63 €
Ly N L. WRYGHITSTHIBBE, Z 5 AN va g 22 UE B
AL JE 2 Rt S, A5 )M A
WA FW, I #3e,, €9, €3 € Loo. BINE,, €,
€3 € Lo, ey, eq, €376t € [0, 00) b & —HUE L 1.
R4 Barbalat5 | B, 24t — oolff, ey, €9, e5 — 0, Bl i%
Feey, eq, W SABIE.  HIEEE.
5 #IANZZEAE 5 14 (Input reference sig-
nal processing)
FE TAESE B, Al 30 (45 S AR S s . AR
i Fir SO BE, A AR A N Gad S M7 7] A A5 5 7800
JGHE, RN BIAL s N2 s BEANBLEE N7 W) f1 2 7%

LA, #hl s AENERAP S S EE S
FIBHA T 5, R SCHR [201 T 3 HE A — Tl A 25 g 7
(A5 5 AR 26 Mk 20 il v 30925, () A2 0 5 e 7 )
WFEAF 5, g(6) 2y (&) WAl T, T8 A TH 52
LB

i) = 25 [ (30 —7) - Thy(r)dr. o)

W5 AU A
i) = 2% [ @1(—7) ~ Tyylr)dr, GD
[t — T, ] J 0 B ek )
6 %{&{)i B (Simulations)
HT TS Ek, AR A RS B B g N8 Bl

) 22 G5 100 5% W LA e 6 0E 138 N e v 4 1 VS 1A O
TP, A SR ) A44SR ] 1) 2 2% s 4
AYy = sin(0.27X) 4+ n(t)(FHn(t) & 18 40.01,
P48 0 0 1 = 107 e S TR ) /BT, A
MATLAB/Simulink 73 5l %5 17 33 3 s 35 425 1l 7 72 Fil
WO PID #  J7 VEREAT 1O B4 I AR A 1
(X(0),Y(0))=(0,0), 7710 ffip(0) = 0, I EE Lkl &£
va = 1m/s. Vi HFETHENB P N RG PR
WIS HN RPN, A Bp, S s ) 2
IR AN LA s 0 T

ko = 20, ki = 10.3, ky = 16,

ks = 14.5, \; = 14.7, Ao = 2.6.
PID¥ il 24k

ky =3.2, k; = 0.6, kg = 0.36.

&2 EAYIEASLK
Table 2 Physical parameters of the robot

EXS (iR PRFRAA
i M 50kg
K He P12 r 0.125m
T B 1 i ) PR 2R B ¢ 0.05kg-m?/s
SR N B L E & Iy 10kg-m?
L R Ui Iy 0.05kgm?
PIREN R RINLA N ORI 50kg
HINLAAESINU IR EN 85 & 20Nm/V

6.1 LS E sl i B BR R 22 73 BT (Trajec-
tory tracking error analysis without parameters
perturbation)

B3 (a)— (O A2 oS Bk ah 41 T RSl ds

NAEPID S 15 R S 3 4R T BB B e 4

DA R R 72 AR A T 22



1202 BoHE R 5 N M %29 %
LT gy LOT Ty
_____ B eht == SEEREIGT
0.6 § 0.6F ]
0.2 0.2
< 00 £ oof
-0.2 02}t
-0.6 -0.6
_]() | 1 1 | -1.0 1 1 1 1 |
0 5 10 15 20 0 5 10 15 20 25 30
X/m X/m
(a) PIDF 1k B R 45 R (b) B IE N Jse e 7 1 e PR i s S
030 : : : : : 0.08 ; ;
< 0251 =] |
s S 006}
~ 020 w
X 0.15 X 0.04
= 0.10 =
& & 002
= 0.05}
= = L
= 0.00f R 0.00F
_005 1 1 1 _001 1 1 1 1 1

1 1
0 5 10 15 20 25 30
t/s

(c) PIDFEHIJT a1k 22

1.0 T T T T T

YR / (s )

) 5 10 15 20 25 30
t/s

(e) PIDF= 4l i 2

0 5 10 15 20 25 30
t/s

(d) N Sl s 1) f iR 22

T T T T T

09}

0.7}

/(m-s)

Hoo05
ity
= 03

on

|

T

j

0.1r
0.0F
0.1 1 1 L L L

4

t/s
() I P S A e i 1

3 ESHE R GERR T

Fig. 3 Tracking error analysis of system without parameters perturbation
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