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a b s t r a c t

In this paper, the problem of passive control for fuzzy Markov jump systems with packet dropouts is
studied, where Bernoulli processes are introduced to describe packet dropouts. A nonfragile asynchro-
nous controller is designed not only to overcome the difficulty that the controller is unavailable to the
information of the system mode but also to improve the robustness of the controller. Then sufficient
condition is established to guarantee that the closed-loop system is mean-square stable and achieves the
passivity. The controllers are derived by using the linear matrix inequality approach. Finally, the devel-
oped results are illustrated by a numerical example.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

Most of the actual systems are nonlinear, which brings a lot of
difficulties to analyze the stability and design the controller. In
order to overcome these problems, the T–S fuzzy model has been
proposed, where the nonlinear systems are approximated by a set
of linear systems [1]. It has become a bridge to connect the non-
linear systems and the linear systems such that some nonlinear
systems can be handled by using the linear system methods [2]. In
the past three decades, many researchers have studied the T–S
fuzzy systems, such as the filter or the controller design for time-
delay T–S fuzzy systems [3–5], stabilization and H1 performance
analysis for networked T–S fuzzy systems [6–8], the fault detection
filter design for T–S fuzzy systems [9,10] and so on.

Due to the fact that the random changes of the system struc-
ture and the parameters are unavoidable, the hybrid systems have
become an important research topic. One of them is Markov jump
systems, where a Markov chain is applied to govern the jumping
conditions between different modes [11–14]. Recently, researchers

have employed the T–S fuzzy approach to deal with discrete-time
nonlinear Markov jump systems [15]. In [16], the T–S fuzzy model
has be applied to handle the output feedback stabilization for
Markov nonlinear systems. In [17], H1 control problem has been
considered for networked Markov jump nonlinear systems based
on T–S fuzzy model. However, for some constraints existing in the
real systems, it is hard to obtain the information of the system
mode to design the mode-dependent controller. Motivated by [18–
20], how to design the asynchronous controller for Markov jump
fuzzy systems becomes a critical problem, which has not been
fully investigated.

NCS is an important and interesting problem since they possess
many advantages, such as flexibility in system implementation,
low cost of installation, and facilitating system maintenance [21–
26]. However, the characteristic of the shared communication
channels of the NCSs always causes packet dropouts, which not
only reduce the systems performance, but also lead the systems to
be unstable. It has been proved that the systems cannot be stabi-
lized if the packet dropout rate exceeds a threshold [27]. Recently,
many results concerning packet dropouts for the fuzzy systems
have been proposed. In [28,29], H1 filter and H1 controller have
been designed for the fuzzy systems with packet dropouts,
respectively. What we have to point out is that designing the
nonfragile controller for the networked T–S fuzzy systems is an
important and meaningful problem, especially, in the practical
situations.
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Passive control has been considered by a number of research-
ers, since it has been widely applied to deal with NCSs, robotic
vehicles, neural networks and so on [30,31]. In [32], the passive
output feedback controller has been designed for Markov jump
systems with multiple disturbance. In [33], the passive control
architecture has been proposed for the NCSs, which was sensitive
to the network induced influences. In [34], the robust passive
control for the T–S fuzzy systems with randomly occurring
uncertainties has been considered. However, the problem of pas-
sive control for fuzzy Markov jump systems has not been fully
studied yet.

This paper studies the passive control for discrete-time fuzzy
Markov jump systems with packet dropouts. Sufficient condition is
derived to guarantee that the closed-loop system is mean-square
stable and achieves the passive performance. The main contribu-
tions of this paper can be summarized as follows:

1. For the existing works of fuzzy Markov jump systems, they
assume that the controller is available to the information of the
system mode [16,17]. In this paper, the asynchronous controller
is firstly designed for Markov jump fuzzy systems, which is less
conservative than the mode-independent one [35].

2. For the remote control of the fuzzy systems, the controllers are
frequently influenced by the environments which was not
considered by [6,9]. In order to improve the robustness of the
controller, the nonfragile controller is firstly proposed for fuzzy
Markov jump systems.

Notation: In this paper, real numbers, Euclidean space with n
dimension, and n�m real matrices are denoted by R, Rn and
Rn�m, respectively. MT stands for the transposition of the matrix M.
Diagonal matrices are denoted by diagf�g. For a stochastic variable
xðkÞ, its probability and expectation are denoted by PfxðkÞg and
EfxðkÞg, respectively. X40 stands for a positive definite matrix. l2
½0;1Þ denotes the space of square summable infinite sequence.
The term induced by symmetry is denoted by n.

2. Problem formulation

2.1. System description

A nonlinear discrete-time Markov jump system is considered
which can be represented by the following T–S Fuzzy model:

Plant Rule i: IF ϱ1ðkÞ is δi1 and ϱ2ðkÞ is δi2 and ⋯ and ϱpðkÞ is δip.
THEN

xðkþ1Þ ¼ AiτðkÞxðkÞþBiτðkÞuðkÞþEiτðkÞνðkÞ
zðkÞ ¼ CiτðkÞxðkÞþDiτðkÞuðkÞþFiτðkÞνðkÞ

(
ð1Þ

where iAΥ9f1;2;…; rg, r is the number of IF–THEN rules, δij are
the fuzzy sets, and ϱ1ðkÞ, ϱ2ðkÞ;…;ϱpðkÞ are the premise variables.
xðkÞARn is the system state vector, uðkÞARm is the system
input vector, zðkÞARq is the controlled output. The exogenous
disturbance noise νðkÞARl belongs to l2½0;1Þ. AiτðkÞARn�n,
BiτðkÞARn�m, EiτðkÞARn�l, CiτðkÞARq�n, DiτðkÞARq�m, FiτðkÞARq�l are
known constant real matrices. The subscript τðkÞAΨ9f1;2;…;Ng
is a Markov chain with the transition probability matrix Ω¼ ½πσυ�
given by

Pfτðkþ1Þ ¼ υjτðkÞ ¼ σg ¼ πσυ

where 0rπσυr1, 8σ;υAΨ and
PN

υ ¼ 1 πσυ ¼ 1, 8σAΨ .

Then, the resulting fuzzy Markov jump system can be written
as,

xðkþ1Þ ¼
Xr
i ¼ 1

hiðϱðkÞÞ AiτðkÞxðkÞþBiτðkÞuðkÞþEiτðkÞνðkÞ
� �

zðkÞ ¼
Xr
i ¼ 1

hiðϱðkÞÞ CiτðkÞxðkÞþDiτðkÞuðkÞþFiτðkÞνðkÞ
� �

8>>>>><
>>>>>:

ð2Þ

where

hiðϱðkÞÞ ¼
ρiðϱðkÞÞPr

j ¼ 1 ρjðϱðkÞÞ
; ρiðϱðkÞÞ ¼ ∏

p

j ¼ 1
δijðϱjðkÞÞ

with δijðϱjðkÞÞ showing the grade of membership of ϱjðkÞ in δij.
Then, it is not hard to see that ρiðϱðkÞÞZ0; 8k, which implies
hiðϱðkÞÞZ0, and

Pr
i ¼ 1 hiðϱðkÞÞ ¼ 1; 8k. For the sake of brevity, in

the sequel, we use hi and hþ
i to represent hiðϱðkÞÞ and hiðϱðkþ1ÞÞ,

respectively.

2.2. Nonfragile asynchronous controller

In this subsection, the following nonfragile asynchronous
controller is presented:

Controller Rule i: IF ϱ1ðkÞ is δi1 and ϱ2ðkÞ is δi2 and ⋯ and ϱpðkÞ is
δip. THEN

ûðkÞ ¼ K iθðkÞx̂ðkÞ ð3Þ

where

K iθðkÞ ¼ KiθðkÞ þMiθðkÞΔðkÞNiθðkÞ ð4Þ

with known matrices MiθðkÞARm�n, and NiθðkÞARn�n, ΔðkÞARn�n

satisfies ΔðkÞTΔðkÞr I. x̂ðkÞARn denotes the controller input, ûðkÞ
ARm stands for the controller output, and KiθðkÞARm�n are the
controller gains which have to be designed. The subscript θðkÞA
Φ9f1;2;…; Mg is a Markov chain with the transition probability
matrix Γτðkþ1Þ ¼ ψτðkþ1Þ

ικ

h i
given by

Pfθðkþ1Þ ¼ κ jθðkÞ ¼ ιg ¼ψτðkþ1Þ
ικ

where 0rψτðkþ1Þ
ικ r1, 8 ι; κAΦ and

PM
κ ¼ 1 ψ

τðkþ1Þ
ικ ¼ 1, 8 ιAΦ.

Then, the form of the controller can be described by

ûðkÞ ¼
Xr
i ¼ 1

hiK iθðkÞx̂ðkÞ: ð5Þ

2.3. Packet dropouts

In networked environments, the controller inputs are no longer
equal to the measured states. At the same time, the inputs of the
plant are not equivalent to the controller outputs as well, that is

x̂ðkÞ ¼ ξ1ðkÞxðkÞ
uðkÞ ¼ ξ2ðkÞûðkÞ

(
ð6Þ

where ξ1ðkÞ; ξ2ðkÞAf0;1g are independent Bernoulli processes,
which are used to describe packet dropouts. We introduce another
process ζðkÞ defined as ζðkÞ9ξ1ðkÞξ2ðkÞ, where ζðkÞ ¼ 1 when both
ξ1ðkÞ ¼ 1 and ξ2ðkÞ ¼ 1, and ζðkÞ ¼ 0, otherwise. A natural
assumption on the sequence ζðkÞ is that

PfζðkÞ ¼ 1g ¼ ζ
PfζðkÞ ¼ 0g ¼ 1�ζ:

(
ð7Þ

Based on this, we have

uðkÞ ¼ ζðkÞ
Xr
i ¼ 1

hiK iθðkÞxðkÞ: ð8Þ
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