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ARTICLE INFO ABSTRACT
KEJ{WOTE_IS-' - This paper investigates the problems of finite-time stability and stabilization for stochastic
Finite-time stability Markovian jump systems with generally uncertain transition rates (SMJSWGUTRs). Firstly,

Stochastic systems
Markovian jump
Generally uncertain transition rates

a less conservative stability criterion is presented by a mode-dependent approach. Then,
the state feedback controller and observer-based controller are designed by a cone com-
plementary linearization method, and two specific algorithms are presented. Finally, an
example is used to illustrate our results.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Recently, Markovian jump systems (M]Ss) have attracted much attention by virtue of modeling the abrupt phenomenon
such as random failures, sudden environment changes, see [1-7]. And also, a wealthy of problems have been studied, such as
the sliding control [8,9], robust H., control [10], fault detection [11]. However, in most existing results, the transition proba-
bilities are always assumed to be completely known [12,13] or partially known [14], that means, at least a part of elements
in the transition rate matrix need to be accurately measured. In fact, it is difficult to achieve the accurate transition rate in
many actual applications due to the short of technology and expensive cost. Thus, the model of MJSWGUTRs has been paid
more attention. In concrete terms, GUTRs means that the transition probabilities can be fully unknown or only its estimate
is known. Some significant results have been reported. For example, Kao et al. [15] studied the delay-dependent stability
for MJSwGUTRs. In [16], the problem of robust H, control for Markovian jump linear systems with uncertain transition
probabilities was investigated. Some other related papers can be found in [17-19] and the references therein.

In the meanwhile, the finite-time stability has been widely studied in many practical fields, such as aircraft systems,
economic-controlled systems, see [20-23]. Roughly speaking, if the state of dynamic systems does not exceed a certain
threshold during a fixed time interval, then the system is said to be finite-time stable [24]. As a matter of fact, this kind
of stability is more concerned about the transient performance of systems within a short time. A great deal of results
on the finite-time stability and stabilization have been reported. For instance, Yan et al. [25] investigated the finite-time
stability and stabilization for the Itd stochastic systems with Markovian switching in terms of a mode-dependent parameter
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approach. Chen et al. [26] studied finite-time stability for switched stochastic delayed systems, and obtained some mean-
square finite-time stability conditions. Readers can refer to [27,28] for more results on finite-time stability.

Although there have been many results on the finite-time stability and stabilization, there are nearly no results on this
kind of problems of the model of It6 stochastic Markovian jump systems with GUTRs. In the existing literatures, such as,
[29,30], an important method is to use the following inequality

W < BIX (OPX(D], .

where P; is mode-dependent but the B is mode-independent. Because the 8 is common to all modes (8 is common to P;),
some results obtained are conservative. If §; is also mode-dependent, that is, one f; is corresponding to P;, then some loose
conditions will be obtained. Besides, there is nearly no literatures to investigate finite-time stability problems of Itd-type
SMJSwGUTRs.

Motivated by the above discussions, the problems of finite-time stability and stabilization for It6-type SMJSwWGUTRs are
considered in this paper. Because of the special structure of the considered system, the stability analysis and controller
design are more difficult than those in existing literatures. The main contributions of this paper are as follows: (1) The
system model addressed include generally uncertain transition rates and stochastic noise, which is more complex than that
in [29]. (2) Some less conservative conditions for the existence of two kinds of controllers (state feedback and observer-based
controllers) are given by a mode-dependent parameter approach. (3) Two new algorithms are given to solve the inequalities
arising from the design of state-feedback controllers and observer-based controller.

The rest of this paper is organized as follows. Section 2 gives some preliminaries, definitions and lemmas. In Section 3,
we provide a finite-time stability criteria for [t6 SMJSWGUTRs. Section 4 gives the design method of state feedback controller
and observer-based controller. In Section 5, two algorithms are given. An illustrative example is discussed in Section 6. The
last section provides our conclusions.

Notions: X' is the transpose of a matrix X. X >0 means that X is real symmetric and positive definite. E[X] stands for
the expectation of a stochastic variable X. tr(X) is the trace of a matrix X. Amax(X) and A;;,(X) represent the maximum and
minimum eigenvalue of a matrix X, respectively. I, stands for n x n identity matrix. In symmetric block matrices, the
asterisk “*’ is the term that can be determined by symmetry. diag{---} stands for a block-diagonal matrix. The ‘wrt’ stands
for ‘with respect to’.

2. Systems model and problems formulation

Consider a kind of stochastic systems with Markovian jumps
dx(t) = [Ao(6)x(t) + Bo (B )u(t)]dt + [A1 (B)x(t) + By (B )u(t) Jdw(t),
y(t) = C(6)x(t). x(0) =xo0 € R", 6(0) = b,

where x(t) ¢ R" is system state, u(t) € R™ is control input, and y(t) € RP is measurement output; w(t) is an one-
dimensional Winner process; 6 is a right-continuous Markov chain and takes values in S = {1, 2, ..., N} with the transition
probabilities

(2)

Yo Ot +0(AL), a#b,
1+ yaAt +0(AL), a=b,

where At>0, y 4, >0 is the transition rate from mode a to mode b in the time interval At, which satisfies y 4, >0, a#b and
Yaa = — Y. Vab- FOr O = a, Ag(0¢), A1(0¢), Bo(0¢), B1(8¢) and () are known matrices and are denoted by Agg, A1q, Boa, Bia
a#b

P = {Oiyne = b/, = a} = {

and C, for simplicity. 8; and w(t) are independent.

Considering the uncertain transition rates in jumping process, the elements in the matrix I' can be unknown, or only its
lower and upper bounds are known. For example, the transition rate matrix of system (2) with four jumping modes can be
expressed as

i+ Ayn ? Y13 + Ayiz ?
r— ? Y22 + Ay ? ? (3)
? ? ? V34 + AY34
? Va2 + AV ? Vag + Ayaq

where P4 = Yap + AVap, Yap and AYg € [—hap. Map] (Iap > 0) represent the estimate value and estimate error of the uncer-
tain transition rate j,,, respectively, and they satisfy y4q = — 211;121, bza Yabs DYaa = — ZQ’:L bza OVabs |V abl > |Uapl- Vap and
Mqp are known. The notation “?” represents the completely unknown elements. For a €S, we denote U* = S¢ + 52, , with

S2 £ {b : the estimate value of J,; is known for b € S},

s2. = {b: the estimate value of 7,, is unknown for b € S}.
Moreover, if S§ # @, it is further described as

Sp = {k{, K5, ..., k%), 1<m<N,
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