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The problem of event-based H,, control for discrete Markov jump systems is investigated in this paper. A
time interval analysis approach is used to transform the system, the event-triggered scheme and
network-induced delays into a time-delay system. Based on the time-delay system analysis method,
criteria are derived to guarantee the discrete networked Markov jump system stochastically stable with
an H,, norm bound. The correspondent state feedback controller and the event-based parameters are
also given. An illustrative example is given to show that the proposed analysis and design techniques are
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1. Introduction

Markov jump systems, which have randomly jumping para-
meters and the jumps are modeled by the transitions of a Markov
chain, have received much attention [1-3]. Due to its capacity of
capturing the abrupt mode changes for the plant, the Markov
jump system has a wide range of application [4-7].

With the rapid development of information technology, net-
worked control systems (NCSs) have received considerable atten-
tion in recent years [8-10]. NCSs are flexible to install and main-
tain, but the limited bandwidth leads to some challenges, such as
network-induced delay, data dropout, and data disordering [11-
14], which may deteriorate the system's performance. Tradition-
ally, the sensor and the controller are updated uniformly in a
constant sampling period, which is called as time-based sampling
[15-18]. Since sampling happens at a fixed interval regardless
whether it is really necessary or not, time-based sampling may
lead to higher system costs. Recently, event-based sampling has
been proposed as an effective means to reduce the sampling [19].
In event-based sampling scheme, the necessary sampling is
determined by the occurrence of an “event” rather than “time”. So
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event-based sampling can reduce the release times of the sensor
and the burden of network communication.

Event-based control or estimation for different systems has
received considerable attention in the past years. For continuous-
time systems, the event-based analysis and design are shown in
[19-27] and the references therein. In [19], the constructed event-
triggers rely on continuous monitor of the system state and an
additional hardware is needed to detect whether the current state
exceeds the triggering threshold. Compared with the event-
triggered method in [19], the self-triggered method used in
[20,21] can save energy for the sensors and is less complexity to
implement. However, its release period is often smaller than the
event-triggered scheme, thus more constraints are needed for
controller design or implementation under self-triggered scheme.
Meanwhile, the event-triggered scheme that requires only super-
vision of the system state in discrete instants has been proposed
and analyzed in [22,28-30]. Since NCSs are generally sampled-
data systems, the discrete event-based scheme is more practical.
For discrete-time systems, the event-triggered control or estima-
tion was considered in [31-35]. Event-based control or filtering for
discrete-time systems has received little attention. To the best of
the authors' knowledge, there is no result reported in the open
literature on the event-based H,., control for discrete networked
Markov jump systems. The theoretical results for such systems
would be appealing and have wide practical use, this motivates the
research presented in this paper.

In this paper, we focus on the problem of event-based H,
control for discrete networked Markov jump systems. The event
detector is positioned between the sensor and the controller for
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determining whether the newly sampled state should be sent out
to the controller. The dynamic event-triggered scheme is designed
to reduce the utilization of limited network resources. The time-
delay method is employed to analysis and design the event-based
H,, controller for discrete networked Markov jump systems.

The main contributions of this paper are threefold. (i) In order
to reduce the use of limited network resources, the dynamic dis-
crete event-triggered scheme, where there are different triggered
thresholds for different Markov modes, is presented. (ii) The
network-induced delay, data packet dropouts, and the Markov
jump system are unified into the networked Markov jump system
with time-varying delay based on the analysis of time interval. (iii)
The H,, performance criterion is derived, and the co-design
method of the event detector and the H,, controller is given.

The remaining of the paper is organized as follows. Section 2
formulates the problem under consideration. H,, control perfor-
mance analysis and the method of state controller design based on
state feedback control are presented in Section 3. Illustrative
examples are given in Section 4, and the paper is concluded in
Section 5.

Notations:Through this paper, the superscripts “T" and “—1"
stand for the transpose of a matrix and the inverse of a matrix; R"
denotes n-dimensional Euclidean space; R™™ is the set of all real
matrices with m rows and n columns; P> 0 means that P is
positive definite; I is the identity matrix with appropriate
dimensions; the space of square-integrable vector functions over
[0, 00) is denoted by £;[0, o), and for w(k) e £,[0, c0); for a sym-
metric matrix, % denotes the matrix entries implied by symmetry.

2. Problem formulation

The framework of event-based H,, control for discrete Markov
jump system considered in this paper is shown in Fig. 1.

2.1. Plant

The plant is assumed to be described by the following discrete
Markov jump system:

z(k) = C(r(k))x(k)+ D(r(k))u(k) M

{ x(k+1) = A(r(k))x(k)+ B(r(k)u(k) + E(r(k))w(k)
where x(k) e R" is the state of the plant, u(k) e R™ is the control
input, z(k) e RP is the output to be controlled, and w(k) € £5[0, co)
is the external disturbance; r(k) represents a discrete-time
homogeneous Markov chain, which takes values in a finite set g
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Fig. 1. Framework of event-based networked Markov jump system.

Controller

={1,2,3,...,N} with the following mode transition probabilities:
Piir(k+1) =jlr(k) =i} = 7 @)

where 0 <7;; <1,Vi,je g and Elemj:l,viem

For notational simplicity, in this paper, when r(k)=i,ie g, a
matrix M(r(k)) will be denoted by M;; for example, A(r(k)) is
denoted by A;, B(r(k)) by B; and so on.

2.2. Event detector

We suppose that the signal in the network is transmitted with
a single packet. The framework of an event-based scheme for a
NCS is shown in Fig. 1, where the “event detector” has the logic
function to determine whether or not the current sampled packet
should be transmitted. Let x(k) being the current sampled packet,
and x(s)(I1=0,1,2,...,00,50 =0) being the latest transmitted
packet, then the current sampled packet x(k) is transmitted only
when the following dynamic event-based scheme satisfies

(x(k) — (51" Di[x(k) — x(s)] > €ix" (k)Dyx(k) 3)

where @; is a positive-definite weighting matrix to design, and
€ €[0,1) is the given scalar parameter.

Remark 1. Different from the traditional H,, control problem, the
data packet transmission in event-based H,, control is mediated
by event detector. The set of transmitted instants is a subset of the
sampled instants, that is, {sg,51,52,...} ={0,1,2,...}. When &; =0,
{S0,51,82,...}=1{0,1,2,...}, that is, all the sampled signals are
transmitted. It reduces to the traditional H,, control problem.

Remark 2. Note that s; denotes the current triggered instant and
s;.1 refers to the next triggered instant, and according to event-
based scheme (3), for any k €[s;,s;,.1 — 1], we have

(x(k) — x(s)1" Dy[x(k) — x(s] < X (k) Pyx(k) 4

that is, only part of sampled packet is transmitted to the controller.
So the amount of data transmission is reduced and the limited
network-bandwidth is saved.

2.3. Time-delay modelling

Because of the limited network bandwidth, time-delay is
inevitable in the process of signal transmission. We suppose that
the transmission delay is 7, at time instant k, and it is bounded,
that is, 7, € [0, 7], where 7 is a positive integer. Consider the effect
of transmission delay, the triggered data x(s;) reach the controller
at time instant s;+7,. With the help of zero-order-holder (ZOH),
the event-based controller considered in this paper can be written
as

u(k) =Kix(sp), kelsi+7s,8141+7s,,—1] (5)

where K; e R™" is the feedback gain to be designed later. Sub-
stituting (5) into (1) leads to the following closed-loop Markov
jump system:

{ x(k+1) = Aix(k)+ B;K;x(s;) + Eqw(k)

z(k) = Cix(k)+DiKix(s)), k € [s;+Ts;, S1 11+ Ts,., — 1] ©)

Remark 3. The logic ZOH stores the latest data packet in the
holding interval [s;+7s,S;+1+7s., —1], which means that the
actuator keeps the control input unchanged until the output of the
logic ZOH is being updated to a new data packet. Because the
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