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a b s t r a c t

In this paper, the observer-based H∞ control problem is investigated for a class of
discrete-time switched stochastic systemswithmixed delays comprising both discrete and
distributed delays. The measurement output of the addressed system is subject to quan-
tizations and packet dropouts. The observer/controller switching is allowed to be asyn-
chronous with the subsystem switching. An observer-based controller is designed such
that, in the simultaneous presence of system switches, mixed delays, quantizations and
packet dropouts, the closed-loop system is guaranteed to be mean-square exponentially
stable while achieving the prescribedH∞ performance constraints. Based on the piecewise
Lyapunov-like functionals and the average dwell-time switching, sufficient conditions are
first established under which the closed-loop system is mean-square exponentially stable
with a weighted disturbance attenuation level. Then, the explicit characterizations of the
observer/controller gains are obtained by means of certain nonlinear matrix inequalities
that can be effectively solved by applying the cone complementary linearization algorithm.
Finally, a numerical example is given to show the effectiveness of the proposed design
scheme.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

As a special kind of hybrid systems, switched systems are composed of a finite number of subsystems and a logical
rule orchestrating the switching among the subsystems. It has been widely recognized that switched systems have great
application potentials in real-world systems such as mechanical systems, automotive industry, switching power converters,
and so on [1]. Over the past two decades, considerable attention has been devoted to the research of switched systems [2–8].
Basically, the switching rules involved in switched systems are classified into three categories, i.e., arbitrary switching, dwell-
time/average-dwell-time switching, and state-dependent switching. Based on the switched Lyapunov function approach,
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stability analysis and control synthesis problems have been studied in [9] for discrete-time switched systems, and the H∞

output-feedback control problem has been considered in [10] for switched systems with time-varying delays. Furthermore,
the asynchronous phenomena between controller and subsystem switches have recently gained much attention. For
example, under the average-dwell-time (ADT) switching, the asynchronous control problems have been investigated in [11]
and [12], respectively, for switched linear systems with delay and without delay. In [13,14], delay-dependent approaches
have been introduced to deal with the L2-stability as well as the H∞ filtering issues for switched delay systems. As for
switched stochastic systems, the problems of fault detection, stabilization and performance synthesis have been thoroughly
addressed, see e.g. [15,16] and references therein.

Over the past decade, networked control systems (NCSs) have received considerable research attention due to their
appealing advantages and wide applications [17]. The challenging issues with NCSs have mainly to do with the network-
induced imperfections (e.g. communication delays, packet dropouts, quantizations, network security and energy constraints)
which could seriously deteriorate the systemperformance or even destabilize a controlled system [18–28]. So far, a rich body
of literature has been available to deal with the networked-induced phenomena resulting from inherent bandwidth limits
of the networks. For instance, an input delay approach has been developed in [29] for the robust H∞ control problem of
uncertain NCSs with both communication delays and data dropouts. Based on the switched system approach, the output
feedback stabilization problem has been studied in [30] for NCSs with packet dropouts. In [31,32], the packet dropouts (also
called packet losses or missing measurements) have been viewed as Bernoulli distributed white sequences taking values on
0 or 1, based on which the H2 and H∞ filtering problems have been investigated. As for the logarithmic type quantizer, the
sector-bound approach has been proposed in [33] to consider the quantized control problem. Such an approach has been in a
number of papers addressing quantization issues, for example, in [34,35] for time-delay systems subject to packet dropouts
and in [36] for a class of uncertain time-varying systems.

Recently, the control/filtering problems for switched systems with packet dropouts have been a research focus leading
to a great many important results reported in the literature. For example, in [37], the robust H∞ filter has been designed
for switched delay systems under arbitrary switching. Under ADT switching, the problems of asynchronous H∞ filtering,
robust l2-l∞ filtering and exponentialH∞ filtering have been considered for switched delay systems in [38–40], respectively.
As for the control design cases, the non-fragile H∞ control has been addressed in [41] for switched delay systems with
both data missing and time delays in two channels, and the observer-based H∞ control problem has been studied in [42]
for switched linear systems with redundant channels. Despite the significant advances made so far, there is still much
room for further improvement over the aforementioned literature and four issues deserving investigation are identified
as follows. (1) In [37–39,41], the measurement output contains noises only when the packet dropout occurs at a specific
moment. It is obvious that controller/filter designs based on the noises alone do not make much sense. Instead, an effective
compensation scheme should be developed to alleviate the side effects resulting from packet dropouts. (2) In spite of its
significant impact on the system performance, the quantization effect has been largely overlooked in [37–42] probably due
to the mathematical complexity. (3) The distributed delay is widely present in many practical systems [43–46], such as the
combustion in rocket motor chambers, the population dynamics and neural networks. However, the research for switched
systemswith distributed delay under the networked environment has received little attention. (4) Switching signals of some
real-world switched systems are usually unknown and cannot be detected instantly. Therefore, the synchrony assumption
made in [41,42] is somewhat impractical.

Inspired by the recent advances on switched systems, this paper takes one substantial step further by looking into the
problem of observer-based asynchronous H∞ control for discrete-time switched stochastic systems with mixed delays
subject to quantization and packet dropouts. Using the piecewise Lyapunov-like functionals and ADT switching, we first
address the stability and weighed H∞ performance analysis of the closed-loop systems. Subsequently, we propose the
controller design algorithm in terms of the solutions to certain nonlinear matrix inequalities via the cone complementary
linearization (CCL) algorithm [47]. Corresponding results in the special case of the synchronous H∞ control are easily
accessible. Finally, a numerical example is given to demonstrate the effectiveness of the obtained results. The main
contributions of this paper are outlined as fourfold: (1) the measurement outputs are quite general that incorporates both
quantization effects and packet dropouts; (2) a compensation scheme that uses the past information about the measurements
is proposed to accommodate the probabilistic packet dropouts; (3) the proposed observer/controller is allowed to be asynchronous
with the subsystem, thereby reflecting the engineering practice more closely; and (4) the system model is fairly comprehensive to
account for more complexities such as distributed delays and stochastic disturbances.
Notation. The superscript ‘‘T ′′ stands for the matrix transposition. Rn and Rn×n denote the n-dimensional Euclidean space
and set of all n×n realmatrices, respectively. ∥·∥ denotes the Euclidean norm of a vector. Real symmetricmatrix P > 0 (≥ 0)
denotes that P is a positive definite (positive semi-definite) matrix. λM (P) and λm(P) denote the maximum and minimum
eigenvalues ofmatrix P , respectively.E{x} stands for the expectation of the stochastic variable x. I denotes an identitymatrix
with proper dimension. The symmetric terms in a symmetric matrix are denoted by ∗. Matrices, if not explicitly stated, are
assumed to have compatible dimensions.
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