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A Study on Stabilization of Nonholonomic Systems
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Abstract: In this paper, we consider a hybrid control strategy for stabilization
of nonholonomic systems. In particular, we deal with a typical nonholonomic
system, namely a two-wheeled vehicle. We first rewrite the system in a chained
form, and then transform it into a nonholonomic integrator (NHI) system.
Finally, we apply and modify the hybrid control method for the NHI system, so
that the entire system is exponentially stable. We provide a simulation example
to demonstrate the effectiveness of the transformation and the control, and give
some analysis together with an example for the case where there are constraints
on control inputs. We also extend the discussion to the case of four-wheeled
vehicles.
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1 Introduction

It is known that many mechanical systems are subject to nonholonomic velocity con-
straints (for example, wheeled mobile robots [2], tractor-trailer (or car-trailor) systems
[3], free-floating space [4], etc.), and these constraints can be modelled as symmetrically
affine systems [5,6]. Since such nonholonomic systems do not satisfy the so-called Brock-
ett’s stabilizability condition [7], they can not be asymptotically stabilized to their equi-
librium points by any continuously differentiable, time invariant, state feedback control
laws [7,8]. For this reason, there have been a large quantity of works on the stabilization
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