Preface

The past decades have seen great advances in theories and applications of Markov
jump systems (MJSs). The systems can effectively model dynamic systems
involving stochastic switching (generally autonomous) subject to a Markov chain.
Typical examples include various dynamic systems containing variable parameters,
fault-tolerant control systems where abrupt faults occur randomly, networked
control systems where network-induced communication imperfections vary in a
stochastic way, and so on. Till date, quite a few fundamental control issues, such as
stability and stabilization, performance analysis, diverse control methodologies,
estimation and filtering, model reduction, fault detection and diagnosis, have been
extensively studied and many alluring results have been available in the literature.
However, as a crucial factor governing the behaviors of MJSs, the transition
probabilities (TPs) are generally considered to be certain, completely known, and
time-invariant in most studies. In practice, the assumption of ideal TPs is unrealistic
and incomplete TPs are often encountered, especially when adequate samples of the
transitions are costly or time-consuming to obtain. Meanwhile, due to the influence
of various environmental factors, the time-varying TPs are not rare in real
applications.

Considering the important role of TPs in determining the system behaviors and
performance, this book collects some of the authors’ existing results on MJSs
subject to complex TPs as well as the original developments on the stability
analysis of MJSs. Three categories of complex TPs will be considered: uncertain
TPs where the precise values of TPs are not obtained and only the bounds of TPs
are reachable, partially unknown TPs where not all the TPs are available, and
time-varying TPs. For time-varying TPs, two descriptive methods will be consid-
ered in this book. The first method uses finite piecewise homogeneous TPs, which
are governed by a slow switching signal or a stochastic variable subject to a
higher-level Markov chain, to present the time-varying TPs. The second method
abandons the “memoryless” property of TPs and the resulting TPs display a
time-varying feature. The system with memory TPs is also called semi-Markov
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jump system (s-MJS). MIJSs with ideal TPs, i.e., constant homogeneous TPs, can be
deemed as special cases of s-MJSs.

Several basic control issues will be addressed in this book, including stability
and stabilization, performance analysis, model reduction, and filter design, etc.
According to the type of the complex TPs, the main body of this book is divided
into three parts:

e Part [ is devoted to the MJSs with partially unknown TPs. Under the stochastic
stability notion, the criteria for stability analysis, stabilization, and filtering are
presented and then extended to the case where the bound information of some
unknown TPs is available.

e Part II focuses on the MJSs with piecewise homogeneous TPs under either
nondeterministic switching or stochastic switching. Methodologies that can
effectively handle control problems in the scenario are developed, including the
one coping with the asynchronous switching phenomenon between the currently
activated system mode and the controller/filter to be designed.

e Part III deals with the MJSs with memory TPs. The concept of o-mean square
stability is proposed such that the stability problem can be solved via a finite
number of conditions. The systems involved with nonlinear dynamics, which
are described via the Takagi—Sugeno (T-S) fuzzy model, are also investigated.

This book is aimed at providing an overview of the recent research advances on
MIJSs with complex TPs. It can be used in undergraduate and graduate study and is
also suitable as a reference for engineers and researchers in this field. Prerequisite to
reading this book is elementary knowledge on mathematics, matrix theory, prob-
ability, optimization techniques, and control system theory.
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