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Abstract

We provide new bounded backstepping results that ensure global asymptotic stability for a large class
of partially linear systems with an arbitrarily large number of integrators. We use a dynamic extension
that contains one artificial delay, and a converging-input-converging-state assumption. When the nonlin-
ear subsystem is control affine, we provide sufficient conditions for our converging-input-converging-state
assumption to hold. We also show input-to-state stability with respect to a large class of model un-
certainties, and robustness to delays in the measurements of the state of the nonlinear subsystem. We
illustrate our result in a first example that has a nondifferentiable vector field and so is beyond the
scope of classical backstepping, and then in a nonlinear example that illustrates how one can combine
Lyapunov and trajectory based methods to check our assumptions.

1 Introduction

Backstepping is probably the most important, most celebrated, and most commonly used technique for
constructing controls for nonlinear systems. This paper continues our group’s quest (begun in [17], [18],
[19], [20], [23], and [24]) for novel backstepping results that help overcome the obstacles to using classical
backstepping; see [13] and [15] for traditional backstepping. Classical backstepping entails synthesizing glob-
ally asymptotically stabilizing feedback controls, by recursively building globally asymptotically stabilizing
controls and corresponding Lyapunov functions for subsystems; see [8], [13], and [16] for improved backstep-
ping theory that includes nonlinearities and uncertainties, and [4], [5], and [6] for backstepping applied to
adaptive, aerospace, and robotic systems. However, there are significant instances that call for backstepping
where the existing backstepping literature does not apply, e.g., systems with general nonlinear subsystems
having bounds on the allowable sup norms of the controls, which produce challenges that we overcome in
this work.

In this work, we focus on systems of the form





ẋ(t) = F(t, x(t), z(t), η(t))
żi(t) = zi+1(t), i ∈ {1, . . . , k − 1}
żk(t) = u(t) +

k∑
j=1

vjzj(t)
(1)

with a scalar valued control u and any number k of integrators, where x is valued in Rn for any n, F is
known, the vj ’s are known real constants, the unknown measurable essentially bounded function η represents
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