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ARTICLE INFO ABSTRACT
KEJ{WOH_fS-' ) In this paper, an adaptive finite-time controller is constructed for stochastic nonlinear sys-
Finite-time tracking control tems with parametric uncertainties. All the states in the systems are constrained in a

Stochastic nonlinear systems
Barrier Lyapunov Function
State constraints

bounded compact set. By constructing a tan-type Barrier Lyapunov Function, the scheme
we proposed deals with the finite-time tracking control problem and all the state in the
stochastic systems are not violated. Tracking error can converge into a small neighbor-
hood of zero and all the signals in the closed-loop system are bounded. Simulation results
demonstrate the effectiveness of the presented approach.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

Many real systems are inevitable to contain the constraints. Violating the constraints on state variables may reduce the
performance or cause instability. Driven by these problems, the research on the handling of state constraints is important
and has an increasingly attention. For this reason, many method have been proposed to handle the issue of constraints, such
as [1-4]. In [1], reference governors-based controller has been proposed by using online optimization algorithms to handle
constraints. Recently, the Barrier Lyapunov Functions (BLF) have been proposed to address the problem of constraints, which
guarantee that constraints are not violated. For example, in [5], a controller has been constructed for state constrained
nonlinear systems in strict-feedback form to achieve output tracking with the help of log-type Barrier Lyapunov Function.
Based on the use of Integral-type Barrier Lyapunov Functions, [6] presented a control design for nonlinear systems with state
constraints. By using the help of tan-type Barrier Lyapunov Function, [7] has proposed a novel adaptive fault tolerant control
scheme for a class of input and state constrained multi-input multi-output nonlinear systems with both multiplicative and
additive actuator faults.

It is the fact that we often need error converge in finite time for nonlinear system. As a result, there are a lot of results on
the finite-time control have been developed for nonlinear systems [8-12]. In [9], a novel fault tolerant control method has
been proposed to deal with the finite-time tracking control problem for a class of joint position constrained robot manipu-
lators with actuator faults. In [12], finite-time tracking controller has been considered for a class of strict-feedback nonlinear
systems with full state constraints. Stochastic often occur in practical systems such as manufacturing processes and robot
operating systems, which may cause instability and poor performance of the systems [13-16]. Therefore, stochastic are im-
portant factors to be taken into consideration, and the investigation on control design for stochastic nonlinear systems has
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received an increasing attention in recent years [17-24]. In [17], an adaptive stabilization controller was constructed for
nonlinear high-order systems with stochastic disturbance and uncertain parameters. Liu et al. [18] studied an adaptive neu-
ral output feedback tracking controller for uncertain nonlinear multi-input-multi-output stochastic systems with full states
constraints. In [22], a new definition of finite-time stability theorem for stochastic nonlinear systems has been proposed,
established and proved an important Lyapunov theorem on finite-time stability for stochastic nonlinear systems. However,
as we known that the finite-time control tracking problem with state constraints for stochastic nonlinear systems has not
been fully investigated, which motivates our current study.

In this paper, the stability of strict-feedback stochastic nonlinear systems with full state constraints is considered. Firstly,
the tan-type BLF-based finite-time tracking controller will be designed for nonlinear systems by employing the backstepping
technique, which guarantee that the states in stochastic nonlinear systems are not transgressed. Then, we can get that the
system output is driven to track a reference signal and all the signals in the closed-loop system are bounded. Finally, the
effectiveness of the proposed finite-time control scheme is illustrated via simulation results.

2. Adaptive continuous control
2.1. Problem statement and preliminary results

Consider a class of strict-feedback stochastic nonlinear systems with full state constraints:

dx; = (fi(%) + & (X)X 1)dt + ¢er()2,-)da), i=1,...,n-1,
dxp = (fu(Rn) + gnXn)w)dt + ¢y} (Xn)dw, (1)
y =X,
where x = [x1,%2,...,%n]T € R", ucR and y <R are state vector, input and output, respectively; X; = [x1,...,x]7; fi(%;) are
the uncertain smooth nonlinear functions and satisfy the following condition:
fi®) =0"@i(%).
where ¢; are known smooth function vector, and € is an uncertain constant vector satisfying 6 € Qy ={0 ¢ R™, || 0 ||<
Om, O € RT}; gi(x;) are the known smooth nonlinear functions; ¢;(x;) are known nonlinear function vectors; w is the stan-
dard Wiener process; all the states are constrained in the compact set as Qy := {x;(t) € R, | x;(t) |< k¢;.i=1,...,n}, where
kc,— are positive constants.
The control objective of this paper is to design a controller such that output tracking a reference signal within a bounded
compact set, all signals in closed-loop system are bounded and all the states are constrained.
To facilitate control system design, the following lemmas and assumption are presented and will be used in the subse-
quent developments.

Assumption 1. For the continuous function g;(x;), there exist a positive constant gy satisfying 0 < gg <| g;(¥;) | for X; € Qx.
Without loss of generality, we assume that g;(x;) are positive.

Assumption 2. The reference signal y,(t) is continuous and differentiable up to the nth order. There exist positive constants
Y;,i=0,...,n, such that | y;(t) |< Yo < ke,, |y§l”(t) |<Y,i=1,....n

Next, we recall the concept of stochastic nonlinear system. Consider the following stochastic nonlinear system:
dx = f(x)dt + g(x)dw, (2)

where x is the state vector; f{x) eR and g(x) e R"*" satisfy the locally Lipschitz functions and the linear growth condition and
satisfy f(0) =0, g(0) =0; w is an r-dimensional standard Wiener process.

Definition 1 [25]. For any given positive function V(x, t)e C2 1, we define the differential operator L as follows:

v  avV 1 0%V
LIV (x.t)] = e + ﬁf‘i' ETT{gTWg},

where Tr(.) is the matrix trace.
Lemma 1 [26]. For any real numbers X1, ...,xn, and 0 <b <1, the following inequality holds:
(x|t [ xa D2 <l xg Pt [ xa [P

Lemma 2 [27]. fx)eR and g(x) e R"*T satisfy the locally Lipschitz functions and the linear growth condition, if there exists a C2
function V, K, class functions [tq, po, two constants c> 0, 0 <y <1, satisfy:

millx ) <=V < pa(ll x]1), Vx e R,
LV(x) < —c(V(x))”,Vx € R" — {0},

then, the following properties hold:
(1) The origin of system is finite-time stochastically stable;
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