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Abstract

In this paper, we study the problem of globally asymptotic stabilization for a class of stochastic nonlinear
systems. Without requiring the condition that the coefficients are smooth functions, this paper is a first try to
apply the backstepping control design method to prove the globally asymptotic stability in probability of
stochastic nonlinear systems in strict-feedback form. A continuous control law is constructed by a novel
systematic design algorithm. Finally, we provide an example to show the effectiveness of the theoretical
results.
& 2015 The Franklin Institute. Published by Elsevier Ltd. All rights reserved.

1. Introduction

As is well known, stochastic differential equations play a more and more important role in
many fields such as economic and finance, physics, mechanics, electric and control engineering.
The stability analysis is one of the most important works in the research of stochastic differential
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equations. As a consequence, there have appeared a large number of stability results in the
literature. For instance, see the books [1–7] and the references therein.

It is clear that the classical and powerful technique applied in the stability analysis for
stochastic differential equations has been mainly dominated by the Lyapunov function approach,
see, for example [3,5,6,8,9]. For example, Deng and Krstić [10] extended the result on inverse
optimal stabilization for general systems with deterministic uncertainties to the stochastic case by
developing a simple algorithmic design for a class of strict-feedback systems. Stochastic versions
of the LaSalle theorem were proved in [11,12], and Mao [13] further generalized the stochastic
LaSalle theorem without using the local Lipschitz condition by the requirement that the system
has a unique strong solution. Ignatyev and Mandrekar [14] established stochastic Barbashin–
Krasovskii theorem. Rami and Ghaoui [15] systematically considered stochastic stability
properties of jump linear systems and the relationship among various moment and sample path
stability properties. Zhang and Chen [16] applied the spectrum-based technique to investigate the
asymptotical mean-square stability of linear stochastic time-invariant systems. By using the
spectral technique, Feng et al. studied the problem of exponential stabilization for continuous-
time stochastic systems in [17]. Recently, Hu et al. [18] proved the stability and boundedness of
nonlinear hybrid stochastic differential delay equations by using different types of Lyapunov
functions. Based on the Lyapunov–Krasovskii functional, Razumikhin technique with a
stochastic version and the linear matrix inequalities technique, Zhu and Song [19] obtained some
novel sufficient stability conditions for a class of impulsive nonlinear stochastic differential
equations with mixed time delays. In [20], Huang studied the stabilization and destabilization of
stochastic nonlinear differential equations. Du et al. [21] obtained a new sufficient condition for
stability in distribution of stochastic differential delay equations with Markovian switching. By
designing discrete-time feedback controls, Mao [22] investigated the mean-square exponential
stabilization of continuous-time hybrid stochastic differential equations.

In this paper, we consider the following nonlinear stochastic differential equations with the
strict-feedback systems driven by white noise:

dxi ¼ xiþ1 dt þ gTi ðxiÞ dw; i¼ 1;…; n�1;

dxn ¼ f ðxÞ þ uð Þ dt þ gTn ðxnÞ dw; ð1:1Þ
where ðΩ;F ;PÞ is a probability space and F t is a filtration of sub-σ-fields of F ,
x≔ðx1;…; xnÞT ¼ fxnðtÞ;F t; 0r to1g is a continuous, adapted Rn-valued measurable process,
w¼ fwt;F t; 0r to1g is an m-dimensional Brownian motion, uAR represents the control
input of the system. Let xi ¼ ðx1;…; xiÞT , the functions f ðxÞ : Rn-R and giðxiÞ : Ri-Rm;
i¼ 1;…; n, are Borel measurable, continuous, and satisfy f ð0Þ ¼ 0, gið0Þ ¼ 0 for all tZ0,
i¼ 1;…; n. Here we define gTi ðxiÞ ¼ ½gT1 ðx1Þ;…; gTi ðxiÞ�.

Obviously, the Lyapunov function approach in the traditional backstepping design is no longer
effective for the nonlinear systems and the virtual control signals are too hard to design. To
overcome the difficulty of system (1.1), Khoo et al. [23] have recently developed a backstepping
design method to discuss almost surely finite-time stabilization of system (1.1). Generally
speaking, the finite-time stability concerns the stability of the equilibrium which can be obtained
in finite-time while the globally asymptotic stability pay attention to the behavior of the system in
infinite time. Pan and Basar [24] considered the asymptotic stability in large and developed a
recursive control design for a class of stochastic nonlinear systems with strict-feedbacks.
Usually, it is necessary to determine the globally asymptotic stability of a nonlinear system.
Indeed, it can be further applied in some other related problems, such as the filtering problems,
finite-horizon estimation, and tracking control, see [25–28]. Deng and Krstic [29] systematically
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