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Abstract

This paper is concerned with the Hy, filtering problem for discrete-time Markov
jump systems with repeated scalar nonlinearities in an event-triggered communication
scheme. An event-triggered scheme is proposed to determine whether the current
data should be transmitted to the filter or not. Based on the time interval analysis
approach, the discrete-time Markov jump system with network-induced delays under
event-triggered communication scheme is converted into the discrete-time Markov
jump time-delay system. By employing the positive-definite diagonally-dominant-
type Lyapunov function technique, criteria are derived to guarantee the system is
stochastically stable with a prescribed Hy, performance level. The correspondent
filter and the event-triggered parameters are also solved. Finally, a numerical example
is given to illustrate the effectiveness of the proposed method.
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1 Introduction

Due to the capability of modeling a class of hybrid systems in which the structure is
subject to random abrupt changes, Markov jump systems have attracted considerable
research attentions and have potential applications in manufacturing systems, chemical
process, power systems, networked control systems, and so on [1,25]. Many interesting
results have been reported in the literature, including stability and stabilization [10,37],
controller design [18,21,22], filter design [6,11-13], and state estimation problem
[33,38].

Nonlinear is very common in the real applications, and repeated scalar nonlinear-
ities include some typical nonlinearities, such as semi-linear function, sine function,
saturation function, and hyperbolic tangent function [4]. So repeated scalar nonlinear
systems are used widely to model manufacturing systems, recurrent neural networks,
cold rolling mills, and so on [7]. Therefore, lots of researches devote efforts to stability
analysis and stabilization problems [4], control problems [8], filtering problems [9],
and model reduction problems [5] of the repeated scalar nonlinear systems. Due to its
advantage of modeling the abrupt changes in real applications, Markov jump systems
with repeated scalar nonlinearities attract considerable attentions. Lots of instructive
results of Markov jump systems with repeated scalar nonlinearities have been reported,
for example, output feedback control [26], stabilization problem [35], filtering design
[14,15,23,36], and L, — L tracking control [24].

On the other hand, with the development of network technology, lots of real systems
are controlled through networks. But the network bandwidth is limited, which restricts
the transmission of the data or makes the network-based control low efficient. Tradi-
tionally, the data is transmitted through networks within a given time interval, which
is often called time-triggered communication scheme [2,3]. In time-triggered commu-
nication scheme, the data is transmitted every time interval even if the data has not
changed or little changed, which is easy to implement but often leads to unnecessary
waste of network resource [39]. In order to solve this problem, a novel method called
event-triggered communication scheme has been proposed during these decades. In
event-triggered communication scheme, whether the newly sampled data should be
transmitted or not is predefined by an event condition [16,19]. Only when the prede-
fined event condition is violated, the newly sampled data will be transmitted. So the
network communication load can be greatly reduced and the network resources can
be largely saved under the event-triggered communication scheme [27-29]. There-
fore, event-triggered control or filter for different systems becomes a hot research
topic and lots of event-triggered results have been discussed during these decades. To
name a few, the event-triggered Hy, filtering for continuous-time and discrete-time
Markov jump systems with time delays was studied in [30,31] and [32,34], respec-
tively. In [32], the H,, performance criterion is derived, and co-design method of the
event detector and the H, filter is given. The event-based Hy filtering for networked
linear systems with communication delays has been studied in [17], and the linear
system is converted into a time-delay linear system by using the time interval analysis
approach. The problem of event-triggered state estimation is investigated in [40], and
a novel state estimator is presented to estimate the networked states. The paper [20]
has addressed event-triggered fault detection filtering for discrete-time Markov jump
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systems. Although there are many event-triggered results on Markov jump systems,
to the best of the author’s knowledge, the H, filtering problem for Markov jump
systems with repeated scalar nonlinearities under an event-triggered scheme has not
been fully studied in the open literature. The results on Markov jump systems with
repeated scalar nonlinearities under an event-triggered scheme can be applied to many
practical systems, which increases the author’s research motivation.

Motivated by the above discussion, we focus on the event-triggered Ho filtering for
discrete-time Markov jump systems with repeated scalar nonlinearities. The main con-
tributions of this paper include three points: (1) Event-triggered scheme for dynamic
discrete-time Markov jump systems with repeated scalar nonlinearities is presented
to reduce network resource wastage; (2) based on the diagonally dominant Lyapunov
function approach, a sufficient condition is presented, which guarantees that the fil-
tering error system is stochastically stable and has a Hy, performance; and (3) the
parameter of the event-triggers and H filter can be co-designed.

The rest of the paper is organized as follows. Section 2 formulates the problem

under consideration. Hy, filtering performance analysis and the co-design method of
event-based condition and Hy filter are presented in Sect. 3. An illustrative example
is given in Sect. 4, and we conclude the paper in Sect. 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; / is the identity matrix with appropriate dimensions; the space of
square-integrable vector functions over [0, 0o) is denoted by £,[0, 00); | x| represents
the absolute value (or modulus) of x; and £{-} denotes the expectation operator; for a
symmetric matrix, * denotes the matrix entries implied by symmetry.

2 Problem Formulation
2.1 System description

The framework of event-triggered Hy filtering for discrete Markov jump system in
this paper is shown in Fig. 1, where the plant is discrete-time Markov jump system
with repeated scalar nonlinearities.

We suppose that the discrete-time Markov jump system with repeated scalar non-
linearities can be described as follows:

x(k+1) = A(r) f(x(k)) + B(r)w(k)
y(k) = C(ry) f(x (k) + D(riyw(k) , ey
z(k) = E(ri) f (x (k)

where x(k) € R" is the state of the plant; y(k) € R™ represents the measurement
output; z(k) € RP is the signal to be estimated; w(k) € £>[0, co) is the disturbance
input; and ry represents a discrete-time homogeneous Markov chain, which takes
values in a finite set S = {1,2,3,...,N} with the following mode transition probabilities:
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Fig.1 The frame of event-triggered Hy filter

Peir(k + 1) = jlr(k) = i} = mij,

where 0 < 7;; < 1,Vi, j € § and Z];’:l mij = 1,Vi € §. f(x(k)) is the nonlinear
function; for the vector x(k) = [x1 k) x2(k) ... x,(k)]T, we denote fxk) =
[f(x1(k) flxatk)) ... f (xy (,))]T. The function f(x(k)) satisfies the following
assumption.

Assumption 1 [4] The nonlinear function f(x(k)) in (1) satisfies:
Vx,y € R, [f(xX)+ fWI=Ix+yl (2)

For notational simplicity, in this paper, when ry = i € S, amatrix M (ry) is denoted
by M;; for example, A(ry) is denoted by A;, B(r¢) by B;, and so on.

2.2 Event Detector

In Fig. 1, an event detector is employed between the plant and the filter to determine
whether the current data should be transmitted to the filter or not. y(k) is the current
measurement data, and y(s;) is the latest transmitted data. So the event-triggered
scheme can be defined as follows:

[y(k) = y(nI @il (k) — y(sp] = eiy" k) @iy (k) 3)
where the @; is the positive-definite weighting matrix to be design and the ¢; € [0,1)

is a given scalar parameter. Obviously, if y(k) and y(s;) satisfies (3), y(k) will be
transmitted to the filter.
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Remark 1 Note that the event-triggered scheme (3) is a dynamic condition with some
adjustable parameters. The event-triggered parameter @; is different for different
jumping modes, which is more practicable.

2.3 H, Filter

Since the network bandwidth is limited, time delay is the inevitable phenomenon in
the process of network transmission. In this paper, we suppose that the time delay is
7% and bounded at time instant k. 7y satisfies 0 < t; < T, where 7 is a positive integer.
Taking time delay into account, the output y(s;) reaches the filter at the time instant
51 + 75, and considering the behavior of zero-order holder (ZOH), we have

yrk) = y(s1) k€ [si + T, Si41 + T — 1] 4)

The Hy filter used in this paper is supposed to be

{ xpk+1) = Ay f(xp(k)) + Byiyys(k) )

2f(k) = Crif(xf(k) + Dyiyy(k),

where x (k) € R" is the state vector of the filter, the y s (k) € R™ is the actual input of
the filter, and z 7 (k) € R” is the output of the filter. The matrices A z;, By;, Cri, Dy;
are appropriate dimensional filter parameters to be determined.
Substituting (4) into (5), we have
xpk+1)=Ayi f(xpk)) + Briy(s:) ©)
z2p(k) = Crif(xp(k)) + Dyiy(s), k€ [si+ vy, 5141 + Ty — 11

2.4 Time-Delay Modeling Based on Event-Triggered Scheme

Using the similar methods in [30], we convert the networked discrete-time Markov
jump system (1) under event-triggered scheme (3) into a new time-delay system,
which will simplify the analysis and design. So, the following two cases should be
considered:

Case A:ifs; + 7 + 1> 5741 + 75, — 1, we define a function:

(k) =k —s1 kels;+ 1y, si+1+ T, — 11 )

Obviously,
‘CSI = T(k) = (Sl+l - Sl) + ‘Csl+1 -1 = 1 + T. (8)

Case B: If sy + 1 + T < s;41 + 75, — 1, we should consider the following two
intervals:
[si+ty,s0+7], [si+T+d,si+1+7+4d], 9

where d is a positive integer, d > 1.
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As 1, < T, it can be easily shown that there exists a positive integer dys, such that
s+ THdy <spp1+ Ty, —1l<si+dy+1+7, (10)

and y(s7), y(s; +d) withd = 1,2,3, ..., dy satisfy
(st +d) =y @ily(si +d) = y(s)l < eiy” (1 + ) Piy(si + ). (11)

From (8) — (10), we can obtain:

dy—1
[t + T, 501+ Ty — 1 =+ 1,0+ T+ DY U lsas +dosigs +d+ 1]
d=1

U[S[ +dM + ‘E, SI+1 + Ts1+] - 1]
Define function t (k) as
k — 8] k e .Q]
tk)=3k—s5—d ke 2 (12)
k—si—dy ke §23,

where

21 =[si+1g, 51 +T+1),
2 =[ss+T+d,si+T+d+1), d=1,2,3,...dy— 1,
23 =[si +dy + T, 5141 + T, — 1]

From (12), we have

Ty <tk)<l+T=1twy ke

T, <1(k) <tn ke (13)
Ty <t(h) <M k € §23.
So we can obtain that
0 ST = Ty, = T(k) =™ (14)

and 7, = inf{z,}.
For Case A, k € [s; + Ty, Si+1 + T5,, — 1], define an error vector e; (k) = 0. For
Case B, we define

0 k € .Q]
ei(k) = y@si+d)—y(s) ke (15)
y(si +dp) —yGs) k€ $23.
From the definition of ¢; (k) and the triggered scheme (3), we can have

el () Biei(k) < &iy" (k — (k) ®;y(k — (k). (16)
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Utilizing 7 (k) and e; (k), the filter (6) can be rewritten as

{xf(k + 1) =Ayifxp(k) + Byiy(k — (k) — Byiei(k) (17)

zf(k) = Cyi f(xp(k)) + Dyriy(k — t(k)) — Dyiei(k),

where k € [s7 + Ty, S141 + T, — 1]
Define the new state vector £ (k) = [xT(k) x; (k)], e(k) = z(k) — zs(k), and

w’ (k) = [w” (k) w” (k — 7(k))], and then, the following filtering error system can
be obtained from (1) and (17),

{ E(k+1) = Ai f(ERK) + E;Hf (5(k — T(k)) + Bui (k) — Beiei (k) (18)

e(k) = Ci f(5(k)) + FiHf (5(k — T (k) + Diw(k) + D ie; (k),

where

|4 O o 0 . = _|Bi O = _| 0
Al_|:0 AfiiI’El_|:BfiCii|’H_[In 0]7Bwl_|:0 BfiDii|’Ba_|:Bfii|

Ci =[Ei —Cyi]. Di = [0 —Dy;D;], F; = —D;C;.

2.5 Event-Triggered H, Filter Problem

Definition 1 The filtering error system (18) with w(k) = 0 is stochastically stable, if
for any initial conditions, the following equality holds

E{Xﬂamﬁamj© < o0. (19)

k=0

Definition 2 Given a scalar y > 0, the filtering error system (18) is said to be stochas-
tically stable with Hy, performance y, if for any nonzero w(k) € £;[0, c0) under
zero initial condition, the following inequality holds

1200113, < y2 DR 13, (20)

where [|Z(k) |12, = sup; 2T (K)z(k) and [D(K)[I3 = 3520 0! (Hw (D).

The objective of this paper is to design the Hy, filter (17) such that the filtering
error system (18) is stochastically stable with Hy, performance y.

Before ending this section, we first introduce the following definition and lemma,
which will help us in deriving the main results.

Definition 3 [4] A square matrix P = [p;;] € R"*" is called diagonally dominant if
the i satisfies:

pii = Y |pijl. 1)
i#]
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Lemma1 [4] If P > 0 is diagonally dominant, for all nonlinear functions f(x(k))
satisfying (2), it holds for all w :

(@) Pf(w) <o’ Pw. (22)

Lemma2 [4] If and only if P > 0 is diagonally dominant, there exists a symmetric
matrix T = [t;;] € R" such that

t;j >0, pij+t; >0, Vi#]
pii = Y (pij +2t5), Vi (23)
i#]

3 Main Results

3.1 H filter performance analysis

In this subsection, we will discuss the Hy, filter performance for the filtering error
system (18).

Theorem 1 For given scalars y > 0, tyy > 1, > 0, 0 < & < 1, the filtering error
system (18) is stochastically stable with an Hx index vy, if there exist diagonally

dominant matrices P; = [Illel 2’] >0,® >0 01>0 02>0 03 >0, and
2i 1
Q4 > 0 with appropriate dimlensions such that
(1,1 (1,2)
[ v @) =" @4
and
N
> mijPj < Pi, (25)
j=1
with
[ Z11 HTQ3 0 0 0 0
*  Exp 04 03+ Q4 0 &
(1,1 = * * —02— 04 0 0 0
R R * —01—-03—-04 0 0 |’
* * * % —®; 0
[ o* X * * * Eeo
(AP ATHTQ1 A[HTQy Eng Emn Cf
ElP EIH"Q1 E[H" Q2 8o Eani F/
0 0 0 0 0 O
e 0 0o 0 o |
—BJ;P; —B/;H" Q1 —BJ;H" 02 Es10 Es11 D;
| By, P BL,H" Q1 Bl ,H" Q> 60 Een1 D]
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—-P 0 0 0 0 O

* —01 0 0 0O 0

_ * ¥ —Q0> O 0 O
2,2) = x % % —Q03 0|’

* % * ¥ —Q04 0

* * * * S

and

nw=—-P—H'Q3H, Eno=twm(A —DTH" 03,
1 = oy — ) (A — DTH Q4,
By =203 —204+&Cl,C;, By =e:Cl ;[0 Dy,

- 5T 1T - 5T 7T
Evio=tmE; H Q3, &1 =y —tw)E; H Qa,

03]

&

Es10 = —tyBLHT 03, &511 = —(ty — ) BLHT Oy,
Beo = —y*I + &[0 D;1"®;[0 D;l,
Bo10 = tuBL, H" 03, 611 = (tm — ) BL, H Qu.

Proof For the filtering error system (18), construct the following Lyapunov functional:

5
V(x(k), r(k)) = Z Vi(x(k), r(k)), (26)

=1

where (k) =i,i € S, with

Vi(x(k), r(k)) = ET (k) Pi&(k), Pi >0,

k
Vax(), r)) = Y ET(HT Q1HE(s), 01 >0,

s=k—1y

k

Vs(x(k), r(k)) = Y ET()HT QaHE(s), Q2 >0,
s=k—1,,
0 k—1

VaGe(k), r)y =y Y. $THTQ3HSWD), Q3> 0,

s=—ty+1I=k+s—1

—Tm k—1

Vs(e(k), r() = (i =) Y > 8T (OHTQ4HS(), Q4> 0,

s=—ty+1I1=k+s—1
SO =§&0+1)—-&D.
O

When the disturbance w(k) = 0, we consider the stochastically stable of the filtering
error system (18). Let £(-) stand for the mathematics statistical expectation of the
stochastic process, for r (k) =i, r(k + 1) = j, we have

Birkhauser



678 Circuits, Systems, and Signal Processing (2021) 40:669-690

EAVID} =EVxtk+ 1), r(k+1) | x(k), r(k)} — V(x(k), r(k)), (27)

with

N
EAVIKY =ET(k+ 1)) mijPigk +1) — & (k) Pig(k),

j=1
EAVa()y =Tk + DHT Q1 HEk + 1) — €T (k — i) HT Q1 HE(k — i),
A3y =T (k+ DHT QoHE(k + 1) — €T (k — ) HT Q2 HE(k — T),

k—1
ELAVah)) = typd" W HT Qs HS(K) — Yy 8T (VHT Q3HA().
I=k—ty
k—1—1p
E(AVs ()} = (ty — ) 8T (O HT QuHS(K) — (tyr — 1) ) 8T (VHT Q4H3().
I=k—1py
Since
k—1 k—t(k)—1
iy Y STWHTQsHs() = -ty Y ST(OHT Q3H5()
I=k—1y I=k—tm
k—1
Y, STWOHTQ3HS(),
I=k—1 (k)
k—1—1p, k—1—t(k)
—(tm =) Y STHTQuHSW) = —(ty —Tw) Y
I=k—1p I=k—1py
k—1—1p
—(—tm) Y STOHT Q4HD).
I=k—1 (k)
According to the Jensen inequality, we have
k—t(k)—1 k—1
—m Y, STOHTQsHSW) —Tv Y. ST(OHT Q3HS()
I=k—1py I=k—1 (k)
k—t(k)—1 k—t(k)—1
[ Y sOITHTQsHL Y s(D1—1 Z SOITHT Q3H| Z 8())
I=k—1py I=k—1py I=k—1 (k) I=k—1 (k)
k—t(k)—1 k—1—1y
—(m—tw) Y. 8TWHTQuHS() — (tm — 1) Y, 8T (VHT QuHS()
I=k—1ty I=k—1 (k)
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k—t(k)—1 k—t(k)—1 k—1—1y k—1—1y
<=0 > SOITH"QuH[ Y sI—1 Y. SOITHTQuHL > 8]
I=k—1y I=k—1y I=k—1(k) I=k—7 (k)
(28)
Combining the event-triggered scheme (16), we have
E(AV ()} < E{AVI(k)} 4 E{AV2(k)} + E{AV3(k)} + E{AV (k) 29)
+ELAVs ()} + & yT (k — T() P y(k — T(Kk)) — e] (K)Pje; (k).
From Lemma 1, we know that
FTEWR)PfER) < ET () PEK). (30)
Clearly, from (27) to (30), we have
E(AV(K)} < o () Tek), (1)

with

o k) =[fTE®) fTEK—TONHT fTEK—Ta)H" fTEK— ) HT €] (K],
O=0+n'pn+rH QHN +ITHT 0,H I,
+ 1y (N = DTH Qs H(Iy = D) + (v — w)* (N = DT HT QuH (I = D),
Nn=[A E;00-By], I=[10000],

(=1 HT 03 0 0 0 7
* Oy 04 03+ 04 0
O =1 * *  —Q02— 04 0 0
k% * -01—02-03 0
L * * * * —; |
i =—P—H'Q3H, By =203 — 204+ &C] &;C;.

By using the Schur complement, (24) and (25) ensure that I7T < 0, which implies
that E{AV (k)} < 0. Similar to literature [32], we have

EAV D)} =E(V(xtk+ 1), r(k+ 1) | x(k), r(k))} — V(x(k), r(k))

32
< —BxT (k)x(k), 32

where 8 = inf{Amin(—IT)} and {Amin (—17)} denotes the minimal eigenvalue of —I7.
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From (32), if thereisa T > 1, we know that

T
EVET+ D, r(T+ 1)} = E{V(x(0), r(0)} < —B Zf{xT(k)X(k)}~

k=0
Then, for any T > 1, the following equation is satisfied
a 1
25{XT(/<)X(/€)} =< 3(5{V(X(0), r0) =E{Vx(T + 1D, r(T+ 1)}
k=0

1
< EE{V(X(O),V(O))},

which implies that

T
Y el Rx (k) < %E{V(x«)), r(0)) < cc.
k=0

So according to Definition 2, the filtering error system (18) is stochastically stable.
Next we will show the H, performance of the filtering error system (18). When
w(k) # 0, under the zero initial conditions, we have

E(AV(K)} < nT (k)ywn(k) — et (ketk) — y*wT ()w(k), (33)
where

n" () = [ (k) BT k)],
=014+ + THTQHD + T HT Q2H
+ (D — I)THT Q3H(D — I) + I 13
+ (o — ) (D — INTHT QuH (I3 — 1),
D =[A; E; 00 =B, —By;], 1 =[100000],
I3 =[C; F; 00 Dy; D;],

E]]HTQ3 0 0 0 0

L INCY)) 04 03+ 04 0 &

o * % —02— 04 0 0 0
S B £ —01—0,-03 0 0 |’
* * * * —-®; 0

* * * * *  EHee

T

En = —203 =204 +5,C] ®:Ci, e = —y*1 + 5 [0 D;]" ;[0 D;].
By using the Schur complement, (24) guarantees ¥ < 0, so we have
ELAV (0} + " (k)e(k) — y*w” (ywk) < 0" (k)¥nk) <0 (34)
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According to Definition 1 and under the zero initial conditions, the following holds

£ {Z I e(k) ||2} <y Y lwk® P
k=0

k=0

Therefore, the filtering error system (18) is stochastically stable with H, performance
index y. This completes the proof.

3.2 H Filter Design

In this subsection, we will discuss the Hy, filter algorithm for the filtering error system
(18).

Theorem 2 For given scalars 0 < ¢; < 1, y > 0, and tyy > 1, > O, the filtering
error system (18) is stochastically stable with a guaranteed H, performance y, if

P P
plTl PZI,] = [P,qb] > 0, the block P;; > 0, W; > 0,
2i 3i

® >0,01>00:>003>004>0andT =T" =[], Ay;, Byi, Cyi,
D ri with appropriate dimensions such that

there exist matrices P; = [

Pli—Wi>O, (35)
(1,1 (1,2)
2, 0, 36
[ . (2,2>}< 0
N
Z]Tij(P]j—Wj)SPIi_Wia (37)
j=1
PR = (P +2") 2 0. Va, (38)
b#a
1% >0, Va#b, 39)
P+ 1% >0, Va#b, (40)
with
(EnWi Q3 00 0 0 0]
* Wi 0.0 0 0 0 0
* ok H33 Q4 E3s 0 0 &3
~ | x x % B4 0 O 0 0
1= x % % % G55 0 o o0 |’
¥ ok x  x x —@; 0 0
¥ % ok % % % —p2] 0
BT T T T * gy |
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_AZPU AZWi AT Q1 Al 0> B1i3 Evs E_,-T ]
AL, AL 0 0o 0 0 —Cj
ATRT AT RT TRT
C; By C; By, 0 0 0 0 -C Dy,
~ 0 0 0 0 0 0 0
(4,2) = 0 0 0 0 0 0 0 ’
nT nT i
B, By, 0 0 _O _0 D¢,
B'P; B/'Wi BI'Q\ Bl 0y E1i3 Ena 0
T 3T T BT T RT
| DB, DLBL, 00 0 0 -DI'DF |
[—P; W; 0 0 0 0 O
*x =W, 0 0 0 0 0
3 * * —Q1 0 0 0 O
2,2) = * * ¥ —Q0> O o 0},
* * * * —03 0 O
* * * * * —Q0aq 0
| * * * * * —I_
n=-Pi;— 03 &u=wm(A —D0;,

14 = (tn — ) (Al =D Qa, E3y3=-203—-204 +C] &,C,
35 =03+ Q4, E33=¢,C/ & D,

4 =—02— 04, Es5=-01— 03— 0a,

13 =B 03, E714 = (ty — t)B{ Q4,

g8 = —y°I + & D] &;D;.

Ly G Ell &)1

Q)
)

&1

If the above conditions are feasible, the following filter parameters can be obtained:
A=W Ay, Bpi=W7'Bs, Cp=Cp, Dyi=Dyi. 41)

Proof According to Theorem 1, if (24) and (25) are feasible, the filtering error sys-
tem (18) is stochastically stable with an Hy, performance index y. Now we define
J1; = diag{[, Pz,'Pi]}, Joi = diag{Jy;, 1, 1,1,1,1,J1;,1,1,1,1,1}.Pre-andpost-
multiply (22) by J»; and Jzz, respectively, and define new variables

Wi = Py P Pf;, Agi = PyAsiPy'Pf;, Byi= PuByi,
Cri=CyiPy'Py. Dyi=Dyi.

m}

Then, (24) is equivalent to (36). In addition, according to the Schur complement, (37)
. | Pri P
holds, and the matrix P; = [ sz Py;

Py — W; > 0.

i| > 0 is equivalent to P;; — P»; P3;1P2€ =
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Note that P»;, P3; cannot be directly derived from the condition (36), but we know
the continuous-time transfer function from y (k) to z s (k) by

T:fy; = Cri(el — Agi) ™' Bfi + Dyi.
= C_‘fipz?Tpai(ZI - szlAfiPQ;TP&‘)_lPZléfi + Dyi,
=Ci(zW; — Afi)iléfi + Dy,
= éf,‘(ZI - Wi_lfif,')_IWi_lB?fi + Dfi.

(42)

Furthermore, from (38) to (40), for each i € S, one has

P =y P 2 = A p P R P D =y @)
b#a b#a b#a

Therefore, according to Definition 3 and (43), we know that the positive-definite matrix
P; is diagonally dominant. This completes the proof.

4 Numerical Examples

In this section, we provide an example to illustrate the effectiveness of our proposed
method.

Consider the system described by (1) with two modes, S = {1, 2}. The mode
switching is governed by a Markov process with the generator

0.35 0.65
H:[O.S 0.2]'
Mode 1:
~12 0 05 0.2
Ay =|-12-02 05 |,B1=|03],C; =[120514],
—-05 0 —0.6 0.5

D, =04,E = [0.4 1 —0.3] .

Mode 2:
—-0.9 04 0.8 0.6
Ay =1[-09-0209|,B,=102|,Cr = [0.9 —-0.6 —0.2],
05 0.1 —1 0.4

Dy =03, E; =[-0.5 -0.90.2].

For this system, two cases are considered to show the effectiveness of the proposed
method, that is, Case 1: &1 = &, and Case 2: €1 # &5.

In Case 1, according to Theorem 2, when 7,, = 1 and 1)y = 7, Table 1 shows the
minimum Hy, performance index y for different triggered threshold &;. Moreover,
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Table 1 yin and for different

el =& 0.05 0.1 0.15 0.2
&; under 7, = 1 and
oy =7(Case 1) Yimin 4.6713 4.9981 57114 6.0018
Table 2 t); and for different ¢; £l = 6o 0.05 0.1 0.15 02
(Case 1)
™ 14 9 5 5
2.5 T T T T
2—n — N A AN M Ane o
()
B s i
£
NN E LA L L L UL Ul o i Uil L i
0.5 1 1 1 1
] 50 100 200 250

t(k)

Fig.2 Possible mode for Case 1

5 -

event-based release instants and release interval

I

t(k)

Fig.3 Release instants and release interval for Case 1

when y = 7 and 1, = 1, Table 2 shows the maximum allowable delay 73;. We can
find that the bigger &;, the bigger ymi, and the smaller delay tj. So the triggered
threshold ¢; can affect the network-induced delay and Hy, performance.
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0.8
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° °
~ =
T

z(k) and estimation signal Z((k)
s
N o
T

1
>
T

et
@
T

-0.8
0 50 100 150 200 250
t(k)
Fig.4 z(k) and its estimation z s (k) for Case 1
0.4 T T T T
03 -
0.2 -
»
2
S 0.1+ -
2 M
14
5 oF
=
o
o
£
5 01 -
=
w
-0.2 -1
-0.3 -
0.4 L 1 1 L
0 50 100 150 200 250

(k)

Fig.5 Estimation error e(k) for Case 1

Lety =6.5,¢1 =& = 0.15, tjy = 5, and 1)y = 1, according to Theorem 2, we
obtain that the triggered matrix @1 = 1.5167, @, = 4.9145, and the filter parameters

are

Ay
Cri
A

C 12

[—3.7163 —0.9915 1.3592 |
0.7667 —1.5582 1.7441
| 0.4688 0.1203 —0.7619 |

[—1.5614 —0.2143 0.3419 |
0.2219 —2.5903 0.7419

[~0.5117 —2.1349 0.8781 |, Dy = —0

| 0.5584 1.5587 —4.3419 |

,Br1 =

, B =

[ 1.0510 ]
1.9644
| —0.9003 |

.0011

[ 0.7957
1.0367

| —0.3314

= [2.2251 0.0576 —1.0018], D2 = —0.0026.
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Table 3 t); and for different ¢;

0.05 0.1 0.15 0.2
(Case 2) £
& 0.1 0.1 0.1 0.1
™ 12 9 5 5
25 T T T T
2k S = = = — e = — —_ —r—
% 1.5 .
E
M S 11| 1 u L1 U db | I 1 |y
0.5 1 1 1 1
0 50 100 150 200 250
t(k)
Fig.6 Possible mode for Case 2
15 T T T
]
5
s
© 10| ~
i
3 s i
wl
0 50 100 150 200 250

t(k)

Fig.7 Release instants and release interval for Case 2

We assume that the repeated scalar nonlinearity is f (x(k)) = sin(x(k)), which sat-
isfies Assumption 1. The initial condition is assumed to be x(0) = x ¢(0) = [0 0 O]T,
and the disturbance input is w(k) = 0.5/(1 4 k?). Figure 2 shows the possible sys-
tem mode transition. Figure 3 shows the event-triggered release instants and intervals.
From Fig. 3, we know that 44 times are triggered, in contrast to the time-triggered
scheme, in which 150 times are need to be triggered. So the event-triggered scheme
reduces the use of networked bandwidth. The z(k) and its estimation of z (k) are
depicted in Fig. 4. Figure 5 shows the response of filter error e(k).
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15 T T T T

e
o

2z(k) and estimation signal z'(k)
=3
o )

(k)

Fig.8 z(k) and its estimation z ¢ (k) for Case 2

In Case 2, we consider that 1 7# &3, and the & varies; the & is constant. For given
y =7 and 1, = 1, according to Theorem 2, Table 3 shows the maximum allowable
delay 7). Similar to Case 1, from Table 3, we can also find that the bigger ¢;, the
smaller delay 7.

Lety =6.5,¢ =0.15,6p = 0.1, 7, = | and 7py = 5, according to Theorem 2,
we obtain that the triggered matrix @; = 1.0053 and @, = 1.9517, and the filter
parameters are

[—7.1169 —2.3815 0.6318 | [0.7724 ]
Api = | —0.0365 —4.6229 0.1938 |, By = | 1.0031 |,
| 0.0326  0.0988 —2.7159 | —2.6471 |
Cri = [~0.0647 —4.6718 2.1571], Dy = —0.3175
[—5.5449 —2.1638 0.0812 ] [—1.1367]
Apr = | —2.3391 —6.0017 1.5384 |, Bpr = | 0.0488 |,
| 14473 0.0912 —7.0946 | 25715 ]

Cyr = [1.3641 0.0076 —3.6116], Dy, = —0.0791

Giving a possible system mode evolution as in Fig. 6. Figure 7 shows the event-
triggered release instants and intervals. From Fig. 7, we know that only 41 times are
triggered, in contrast to the time-triggered scheme, in which 150 times need to be
triggered. So our method can reduce the use of networked bandwidth. z(k) and its
estimation of z s (k) are depicted in Fig. 8. Figure 9 shows the response of filter error
e(k).
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0.8} —
0.6 -

04} -

Filtering error responses

-0.2 -

0.4} -

-0.6 -

-0.8
0
t(k)

Fig.9 Estimation error e(k) for Case 2

5 Conclusion

The problem of event-triggered H, filtering for discrete-time Markov jump systems
with repeated scalar nonlinearities is studied in this paper. In order to reduce the
communication bandwidth utilization, a dynamic discrete event-triggered scheme has
been employed to determine whether the current sampled output signals should be
transmitted or not. By using the diagonally-dominant-type Lyapunov function, the
sufficient conditions of stochastically stability with Hy, performance are obtained for
discrete-time Markov jump filter error system. The H filter is designed based on
the sufficient conditions. Finally, a numerical example is given to illustrate the effec-
tiveness of our proposed method. The future work may focus on the event-triggered
control or filter problem for Markov jump systems under different network conditions,
such as network attack and asynchronous communication.
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China (61803134) and the Zhejiang Provincial Natural Science Foundation of China (LZ17F030002,
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