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This paper is concerned with a tracking control issue for a class of switched stochastic systems with
quantized input. To overcome the difficulty caused by the switching and quantization, a nonlinear
decomposition strategy for quantizer is firstly proposed, then by using the common Lyapunov function
method, a systematic adaptive control scheme is presented. It is proved that, under the proposed control
scheme, the good control performance is obtained although influenced by the effect of switching and
quantization. Furthermore, the validity of the proposed control scheme is verified by the simulation

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The past decades have witnessed a growing interest in swit-
ched systems due to their widespread use in engineering practice
[1-4]. Some properties of switched systems were extensively
discussed by many researchers, and fruitful achievements are
obtained. In these studies of switched systems, the common Lya-
punov function (CLF) method (see [5,6]) and the multiple Lyapu-
nov function (MLF) approach (see [7]) are generally utilized. As
stated in [5], to guarantee the stability of switched systems under
arbitrary switching, the key is finding a CLF for all subsystems.
Following this principle, some remarkable results were achieved
for the switched linear systems (see [8-12]). Combining the
backstepping technique and the CLF method, the control synthesis
of switched nonlinear systems was studied in [13-25]. Despite
some achievements have been achieved, the existing results on
switched systems ignore the quantization effect on the systems
and the quantized control problem for switched systems is not
mentioned.
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Quantization control scheme has received a lot of attention in
recent years due to the widespread use in networked control
systems, multi-agent systems, and teleoperation systems(see e.g.,
[27-34]). In a quantized feedback control system, the controller
and the plant are connected through the network with bandwidth
limitations. As a result, the command signals are frequently
quantized before transmission. Quantization brings up a new
problem. That is, the system input contains nonlinear error
introduced by quantization, which may lead to oscillations or
chaos [35]. An important aspect of quantization scheme is how to
deal with the quantization error to ensure the performance of the
controlled system. To deal with the quantization error problem,
many outstanding research results emerged in [32-43]. Among
them, the results in [32-39] are for quantized linear systems, the
results in [40-43] are for quantized nonlinear systems. Specifically,
a new hysteretic quantizer was proposed in [42], which avoids the
oscillation caused by logarithmic quantizer. By introducing the
hysteretic quantizer, two adaptive stabilization schemes were put
forward for strict-feedback nonlinear uncertain systems in [42,43].
Although some progress has been made in quantized control,
some restrictions prevent their wide applications. First, most of
the quantized control results require the controlled systems that
are completely known or uncertain nonlinear systems are linear
parametric (see [42,44,45]). In addition, some conservative
assumptions are posed on the controlled systems. Second, most of
the quantized control works neglect the effect of stochastic dis-
turbances on the systems. Third, the existing studies on quantized
feedback control are limited to the non-switched systems. And the
switched control problem is not mentioned, since there seems to
lack a general framework for extending to switching case. How to
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remove the conservativeassumptions on the plants and further
develop the quantized control of the switched nonlinear systems
still remain to be answered.

Motivated by the above considerations, this paper aims to
propose a new framework for the quantized control problem of
switched stochastic uncertain systems under arbitrary switching.
The main contributions can be summarized as follows:

(1) Compared with the existing researches, this paper simul-
taneously takes the quantization effect and arbitrary switching
effect into the stochastic nonlinear systems, which makes the
controller design more sophisticated. To overcome this difficulty, a
nonlinear decomposition strategy is presented in Theorem 1.
Unlike the conventional linear decomposition, the proposed non-
linear decomposition can remove the restrictive assumptions for
uncertain system in [43]. In addition, based on the strategy, the
quantization problem and switched problem can be separated,
which accordingly reduces the difficulty of control design.

(2) Compared with the existing work on stochastic switched
system, the construction of the controller and virtual controllers in
[26] requires that the nonlinear functions and the stochastic dis-
turbance terms of switched system are available. Instead, by uti-
lizing the universal approximation of fuzzy logic systems, the
nonlinear terms and the stochastic disturbance terms of the con-
trolled system are unnecessarily known in the proposed control
method. Therefore, the constructed adaptive mechanism is more
widely applied in the practical application.

2. Preliminaries and problem description
2.1. Stochastic stability
Consider the stochastic system as follows:
dx = f(x, t)ydt +h(x, t)dw, 1

where x e R" denotes the state variable, w stands for an indepen-
dent r-dimension standard Brownian motion defined on the
complete probability space (£2,F, {Ft}; - o, P) with £2 representing a
sample space, F being a o-field, {F};. o being a filtration, and P
denoting a probability measure.

Definition 1 (/46]). Define the following differential operator for
V(x, t) which is a twice continuously differentiable function:

av v T
= 2
5 xf + r{h h} )
where Tr represents a trace of the matrix.

Lemma 1 ([47,48]). If there exist a function V(x,t)e C>!, two posi-
tive constants ¢ and b, k.-functions a; and a,, all of which satisfy

ai1(Ixl) <Vx,t) <a(lixl)
LV < —cV(x,t)+b, 3

for vxeR" and vVt > 0, the system is bounded in probability.

Lemma 2 (/49]). For the following dynamic system:

0ty = —yO(t)+xp(t), (4)

with y and k being positive constants and p(t) being a positive
function, under any given bounded initial condition 9(to) > 0, 6(t) >
0 for Vt > to.

2.2. System description

Consider the switched stochastic systems with quantized input
as follows:

dx; = X1 +fi e @)t +8] o ®dw, 1<i<n-1,
dxn = (qo'(t)(uo‘(t))+fn,o'(t)(¥n))dt+g£,o—(t)(7n)dw> (5)
Y =X,

where X; = [x1,X,....x]T e Ri(i=1,2,...,n) is the state vector and

yeR stands for system output. o(t):[0,00)-»M={1,2,...,m}
denotes a piecewise continuous switching signal. o(t) = k(k e M)
implies that the kth subsystem is active. w is defined in (1). f;,(-) :
R >R and gix(): R >R (i=1,2,...,n) are unknown smooth non-
linear functions. uy e R is the real control input, which is subject to
quantization, and the quantized signal g, (uy) represents the input
of the switched stochastic systems, which is represented as shown
below [42,43]:

Uik
Uj g SgN(Ug), 1 +5 | <ujy, Uy <0,0r
uz k .
Uik < | Ul <7 5 ,Up >0
u; )
Uik(1+31) sgn(uy), Ui < U] <35 _”é’ ,Ug <0,0r
K
q(uy) = Uik Ui (1+6p) 0
_5l<| Ul < 1——5 s U >
0, O<|uk|<u"mln U, <0, 0r
- 1+’
u .
1’:_“32 < || < Upmin, g >0
(Ut ™)), other cases.
(6)
where Uy =pl it min (i=1,2,...) and & _—KHZ with parameters
Ugmin >0 and O<pp<1. qu) is in the set Uy={0, +

Ui, T Up(1+0),i=1,2,...}, the parameter uy,, determines the
range of the dead-zone for q,(uy), and the parameter p; can be
seen as a measure of quantization density.

Remark 1. If f; X)), g{”m(ii) are known functions and the
quantized effect is not considered, the system (5) is reduced to the
system (1) in [14]. If the switched effect is not taken into account,
the system (5) can be reduced to the system (1) in [44]. Therefore,
the system (5) is more general and interesting. However, there are
no results for the quantized control of general switched stochastic
systems due to its complexity. The challenge inspires the current
research.

Remark 2. Superficially, the system (5) is similar to the controlled
system in [15], however, the control method in [15] is only suitable
for the deterministic systems, not for the stochastic system dis-
cussed in this manuscript. The control for such systems is more
challenging than [15] under the effect of quantization and
switched laws.

This paper aims to construct a common quantized controller
such that the tracking error y —y, converges to an adjusted area of
the origin under arbitrary switching and all closed-loop signals are
bounded in probability.
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