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Backstepping Control of Nonholonomic Car-Like Maohile
Robot in Chained Form

Murul Ain Mohamed, Zainah Md. Zain®, Maziyah Mat Noh, Dwi Pebriant

Fobotics and Unmanned Fessarch Group (BU5), Insoument & Control Engineering (ICE)
Cluster, Faculty of Electrical and Elecironics Enginsering,

Universiti AMalaysizs Pahang, 2680 Pekan Pahang MMalayzia.

‘zainahfump.=du.my

Absiract. This project is attempts to stabilize an undsracteated system based on
the backstepping approach. The discontinuons tme-invanant state feedback
controller is desigped for exponentsl stabilization of uwoderactuated nonho-
lonomic systems in chained form Systern dynamic of the car-like robot with

nonbolonomic consirainds were employed The walidity of the proposed ap-
proaches is tested thromgh simmlation on a car-like vehicle using Matlab sofi-

Ware.

Eeywords: Backstepping control, Underactuated systern, Mobile robot

1 Introduction

The motion control of nonholonomic wheeled mobile rebot (WHME) has recerved a
great attenfion from researchers over the last few years. Most of the researches are
focused on the fact that the WME does not meet Brockett's necessary condition for
smooth feedback stabilization [1]. It 15 accepted that the larger the gap betwesn the
controllable and tofal degrees-of-freedom (DHOF) of the WHIE, the harder 1t 15 to con-
trol the robot [2]. The WHE cannot be stabilized to a point using the faomhar smooth

statie-state feedback control laws due to this nonhelonomic constramt.
The dvnamic equations of a2 car-hke wehicle mobile mobot can be wmitten 1n
chained form as:

Xy = iy

X = g

X3 = xzly (1)
En = Xpalh

where x = (x;,%3.-.%)" € IR" represents the state vector and w = (1, u.)" €
IR*® reprezents the input vector.

Such a class of ponlinear systems cannot be stabihized wia contmuous based
tme-invanant system [1], whach dinven the search of other stabilizing controls for thas



