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ROBUST STABILIZATION OF NONHOLONOMIC MOBILE ROBOTS
MOVING ON UNCERTAIN UNEVEN SURFACE”

Zhu Xiaocai' Dong Guohua' Cai Zixing’ Hu Dewen'
1 . School of Mechaironics and Automation National University of Defense Technology Changsha 410073 China
2 . School of Information Science and Engineering Central South University Changsha 410083 China

Abstract  Robust control laws were proposed for the stabilization of nonholonomic wheeled mobile robots moving
on an uneven surface which was not exactly known. The proposed control laws rendered the closed — loop dynamic
system practically stable and robust with respect to the effect of the gravity introduced by the uneven sur-
face. Quadratic surfaces with unknown but bounded coefficients were utilized in the design process to locally ap-
proximate the uneven surfaces. The design procedure was based on the transverse function method integrator
backstepping and Lyapunov redesign technique. After exploring the left — invariance property of the kinematic
subsystem of the wheeled mobile robots with respect to the standard group operation of the Lie group SE 2 we
constructed a bounded transverse function by which a corresponding embeded target submanifold was defined and
derived the smooth " virtual" control laws which rendered the error subsystem exponentially stable thus the
states of the kinematic subsystem converged to a smooth embedded submanifold defined by the transverse
function. Then the integrator backstepping technique was applied to the nominal dynamic system due to the
smoothness of the obtained " virtual" control laws. Finally a Lyapunov redesign component was constructed to
handle the disturbance of the gravity. Driven by the proposed control laws the wheeled mobile robots had the abil-
ity of adaptation to varying uneven surface condition. Simulations were provided to validate the effectiveness of the

algorithm.

Key words wheeled mobile robot  Lie group  transverse function  Lyapunov redesign  robust stabiliza-

tion
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