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Reliable H,, Filter Design for a Class of Mixed-Delay Markovian Jump Systems

with Stochastic Nonlinearities and Multiplicative Noises via
Delay-Partitioning Method

Shiping Wen, Zhigang Zeng*, and Tingwen Huang

Abstract: This paper is concerned with the problem of reliable H,, filter design for a class of mixed-
delay Markovian jump systems with stochastic nonlinearities and multiplicative noises. The mixed de-
lays comprise both discrete time-varying delay and distributed delay. The stochastic nonlinearities in
the form of statistical means cover several well-studied nonlinear functions. And the multiplicative dis-
turbances are in the form of a scalar Gaussian white noise with unit variance. Furthermore, the failures
of sensors are quantified by a variable varying in a given interval. A filter is designed to guarantee that
the dynamics of the estimation error is asymptotically mean-square stable. Sufficient conditions for the
existence of such a filter are obtained by using a new Lyapunov-Krasovskii functional and delay-
partitioning method. Then a linear matrix inequality (LMI) approach for designing such a reliable H,,
filter is presented. Finally, the effectiveness of the proposed approach is demonstrated by a numerical
example.

Keywords: Delay partitioning, H,, filter, Markovian jump, multiplicative noise, reliable filtering,

stochastic nonlinearity.

1. INTRODUCTION

Filtering problem has long been an important research
topic for its theoretical and practical significance in
signal processing, communication and control systems.
The filtering problem can be briefly described as the
design of an estimator from the measured output to
estimate the state of the given system. In the last decade,
filtering problems for various systems have attracted
considered research interests and many important results
have been reported in the literature [1-8]. Among these
results, the H, filter minimizes the H, norm of the
transfer function between the noise and the estimation
error. Thus, the filter H,, is always used when the energy
of the system noise are unknown. Therefore, H,, filtering
approach has gained amount of research attention [9-15].

Markovian jump systems have a strong practical
background, since the dynamics of systems may undergo
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sharp changes in their structure and parameters caused
by phenomena such as component failures of repairs
changing subsystem interconnections and environmental
disturbance. We can model these as systems with
Markovian jump parameters. Markovian jump systems
have attracted great attention, for their extensive
applications in manufacturing systems, power systems,
economics systems, communication systems, and
networked control systems. Recently, many works about
filtering problem of Markovian jump systems have been
reported [16-24].

Recently, the control and filtering problems for
systems with multiplicative noises have received much
attention since many plants may be modeled by systems
with multiplicative noises, and some characteristics of
nonlinear system can be approximated by models with
multiplicative noises rather than by linearized models
[22], and the H, output-feedback control as well as
passive control of discrete-time systems with state-
multiplicative noises has been investigated in [23].
Therefore it is necessary to investigate the H,, filtering
for systems with multiplicative noises.

On the other hand, it is inevitable that there exist time
delays in dynamic systems due to measurement,
transmission and transport lags, computational delays or
unexpected inertia of system components, which have
been known as main sources to degrade the performance
of the control system [11]. In the last decade, significant
progress has been made on the analysis and synthesis
issues for systems with various types of delays [24-40].
However, to the best of the author’s knowledge, the
research on reliable H., filtering for mixed delay systems
with stochastic nonlinearities and multiplicative noises is
still an open problem that deserves further investigation.

@ Springer
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In this paper, we focus on the reliable filtering
problem against sensor failures for a class of mixed-
delay Markovian jump systems with stochastic
nonlinearites and multiplicative noises. The objective is
to design a reliable H,, filter such that, in the presence of
mixed delays, stochastic nonlinearities, multiplicative
noises and Markovian jump parameters, the filtering
error dynamics is asymptotically mean-square stable and
also satisfies a prescribed H, disturbance attenuation
index. (I) Comparing with [10,12,15], stochastic
nonlinearities, multiplicative noises, time-varying delays
and possible sensor failures are considered for
Markovian jumping systems, therefore the model in this
paper is more general. (II) To obtain the sufficient
conditions for the existence of a filter for such systems, a
new Lyapunov-Krasovskii functional has been proposed
and the delay-partitioning method has been employed.

Notation: The notion used through the paper is fairly
standard. N7 stands for the set of nonnegative integers;
R"and R™" denote, respectively, the » dimensional
Euclidean space and the set of all nxm real matrices. I,
is the n-dimensional identity matrix. The notation
P >(>0) means that P is real symmetric and positive
definite (semi-definite). In symmetric block matrices or
complex matrix expressions, we use an asterisk (*)to
represent a term that is induced by symmetry and
diag{...} stands for a block-diagonal matrix. Matrices,
if their dimensions are not explicitly stated, are assumed
to be compatible for algebraic operations. Moreover, we
may fix a probability space (€,(,p) where, p, the
probability measure, has total mass 1. E{x} stands for the
expectation of stochastic variable x. L,[0,+c0) is the
space of square integrable vectors.

2. PROBLEM FOMULATION

Consider the following mixed-delay Markovian jump
system with stochastic nonlinearities and multiplicative
noises:

x(k +1) = A(r )x(k) + A, (r v(k)x(k),

+A4y (n)x(k = d(k) + 4 (1) Y, p,x(k —m)

m=1

+B(r)o(k) + f(k),
y(k) = Cy(r )x(k) + C, () k),
z(k) = C(r )x(k),
x(k) = g(k),—0 <k <0,

(1)
where x(k) e R" is the state vector; y(k)e R’ is the
signal to be estimated; z(k)e R is the output; w(k)
e R? is the disturbance input, which belongs to L,[0,
+00); d(k) denotes the time-varying delay with lower
and upper bounds d<dk)<d, kefN*; d, d are
known positive integers, d can always be written by
d=tm where 7 and m are integers; @(k) is the initial
state of the system; and A(r,), 4,(r,), 4;(r), 4 (k),

B(1,), C,(1), C5(1,), C(r;) are matrix functions of the
random jumping process r; is a Markov chain taking
values in a finite state space 9={,..,N} with
transition probability matrix p={7;}y,y given by
Pt Ind=ny, Vijed, 0<mz;<1(i,jed) isthe

transition rate from i t0; and Zjv:l 7y =1Vied wk)
is a scalar Wiener process (Brownian Motion) defined on
a complete probability space (Q,(, p) with

E(k)} =0, EQ? (K} =1.
And the constants g, >0(m=1,2,..) satisfy the fol-
lowing convergence conditions:

+o0

u= i My Sz mpL,, <+, 2
m=1

m=1

The function f(k) describes the well-known stochastic
nonlinearities that consist of x(k), x(k—d(k)), and

Z:Zl M, x(k—m), which is bounded in a statistical

sense as follows:
E{f(k)}=0,

q
ET 0 (0)} = 3 2] ()G (k)4 x(K)
B G)
+x7 (k- d(k))B] x(k —d(k))
r . +o0
(X0 e =m)| €Y 5tk =m)),

where p;(/=1,...,q) are known column vectors, and
A,*,B;,C,*(l =1,..,q) are
matrices with appropriate dimensions.

known  positive-definite

Remark 1: Mixed delays are arousing increasing
interest and have been intensively studied. However,
almost all of the existing literature is concerned with
either the discrete-delay systems [9,18,25,26] or the
distributed-delay systems [27]. To the best of authors’
knowledge, papers on mixed delay systems in the
discrete-time setting are scarce, especially for the H,
filtering problem. In this paper, both discrete delay

x(k—d(k)) and distributed delay Z:; M, x(k —m)

have been considered simultaneously for the problem of
reliable H,, filtering.

When the sensors experience failures, the sensor
failure model, which is used to describe the measured
signal sent from sensors, will be considered as

y! (k) = My(k), )
where the sensor fault matrix M =diag(m,...,m,)

satisfies:

0<M =diagi{m,...m,} <M
&)

<M = diag{mi,...,mp} <1,
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there, m;(i=1,...
For simplicity, we introduce the following notation

, p) quantify the failure of the sensors.

, M+M
M, = diag{m,,...m, } = _2
o ©)
=diag{ml+ml ,...,mp p},
2 2
. . M-M
M =diag{m,..m,} = 2—
_ 2 (7)
:a’iag{ml_m1 ,...,mp mp}.
2 2

Then, M can be rewritten as follows:
M=M,+A=M,+diag{f,,....0,}, (®)
where | 0. |<m;(i=1,...,p).
Consider the filter of the following structure:
R(k+1) = 4 (1)) + By (r)y” (k)
2(k) = C (n )R(k),

where  A,(r.), B;(r), Cr(r;) are parameters to be
determined. By defining 7(k)= [x (k) AT(k)]
obtain the following filtering error system:
n(k+1) = A(r (k) + A, (r (k) (k)
+ 4,k = d(K))

+ 4, (1) pty(k —m) (10)

m=1

+B(r ) o(k) + If (k),
e(k) = C(n k),
where e(k)=z(k)-z(k) is the estimated error, and

L[ A 0
U= B oMC ) 4,60 |

- _ A4,(n) 0| - _ A4;(n) 0
Av(n)—{ 0 0}’ Ad(r}‘)_|: 0 0}

. 4() 0 B(r,)
4,0n)= { . } BG,) = {Bf(mMcz(rk)}’

I=[1 of, C=[Ct) -C,(n)]

The parameters A, By, Cy of the reliable filter (9) will be
determined to make the filtering error dynamics
asymptotically mean-square stable and satisfy a
prescribed H,, disturbance attenuation index.

)

3. MAIN RESULTS

The following Lemmas are essential in establishing
our main results.
Lemma 1 (Schur Complement): Given constant matri-

ces S, S, and S;, where S, =S5/, S,=5;. Then

S, +575;'S; <0 ifand only if

r -S, S
S5 <0, or S P
£ S, S,

Lemma 2 [38]: Let GeR™" be a positive semi-
definite matrix, x; e R"and constant a; >0(i=1,2,...).
If the series concerned is convergent, then

+00 T 4o to
(Zaixij GYlax, <Y a;x] Gayx,. (a1
i=1 i=1 i=1

In the following theorem, we will derive a sufficient
condition such that system (10) is asymptotically mean
square stable.

Theorem 1: Given a scalar y > 0 and the filter
parameters A; By, Cy. The filtering error system (10) is
asymptotically mean-square stable with its H,, stable if
there exist positve matrices P;, 0, 0, S, S2, R, matrices
M,, M,, M;, positive scalars &;(/=1,...,q) satisfying
the following inequality for any i€ 4

T AM, 4M, T,
* =S 0
! <0, 1=23, (12)
* * _S2
* * * I,
xd p£]Zng 7y Py ApilSy Zpii IS,
Zjeyﬂupj 0 <0, (13)
* * -5, 0
* * * _SZ
I=1..,q,
where

M, =—Xp PXp +X,0 X, + X0, Xy,
+X§3Q3XQ3 +X1€EXR _7/2XaTJXa) +M1XM1
(M X))+ My Xy +(My X, )

+ M3 Xy + (M3 Xy, )7,
T T

Hi2 - [(2163 ﬂ-l/PJXPlI ) (Zje& ”i/PjXP6,j )

WS Xp ) (2 Xp )T (41X

B IXn) (X)X }

7Py zjes i =515,

-A,—A,—A, —I} ,

I1,; = diag {—z
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R 0
_ [ 07 o
Q“{o —QJ’ B2lo K
7

Xp

1 = [Ai 02n,2mn ’adi ’ali 02n éi]7

XPZ = [IZn OZn,Zmn+6n+h]9

XP3 =102, 2mn420 T2n O254p41 15

XP4 :[02n,2mn+6n IZn 02n,h]’ XP4, = XPl, _sz’

XPSJ =[G OZn,Zmn+6n+h]’ Xp()j =[4y; O3 2mnr6min s

[2mn O2mn,8n+h
Yo =\ L,, 0 ’
2mn,2n 2mn 2mn,6n+h
be _ [2n O2n,2mn+6n+h
0~ >
02n,2mn+4n ]Zn 02mn,2n+h

X, = 12;7 02n,2mn+6n+h
(I >
02n,2mn+4n IZn 02n,2n+h

]Zn 02n,2mn+6n+h
Xp=
02n,2mn+6n 12}1 02n,h

XM1 =11, =1, 02n,2mn+4n+h]»
XM2 =[022mn Lon =1
XM3 :[02n,2mn+2n L, =1,
X, = [Oh,zmn+8n Iyl

L ®1/2 *1/2 D* *1/2
A =[4"?,., 47, B =[B"?,..,

n 02n,4n+h ]9

02n,2n+h]’

#1/2
B q ]’

¢ =[C?,..C P A=[87T,..8,1.
Proof: Define the following Lyapunov-Krasovskii
functional candidate V(k)szlei(k), where
Vitk) =" (K)P(r)n(k),
—Ttm+l1
V=" k*,YT<a>Q]Y(a>+Za a7 (@)Qun(a),
rm+l
AGED It
T
AGED S W k+ﬂ‘P (@)S,¥(a)
Tm— 1
Y (@Son(@),

Vs(k)= Z*’i o " (ORn(D)

T @0n(@),

with
W(i) = n(i+1)-n0),
Y@ =[n" @) n" (i-1)..n" (= (m=D7)].

For each 7, =ie 9, calculating the difference of V (k)

along system (10) and taking the mathematical expecta-
tion, then

EAV (k) =Y E{AV(k)}
=3 Bk + DY,k

where
EAV; ()} = BT (RXX, 3 o,
+ X;&i Zjes ”I'J'PJ'XPG,:'
+ XL T4 (L 1T X py
+ XA B (I 1) X p,
+ X p 2t IC (o 1) X s ()},

E{AV (k)} < E{gT (k)(X 5 0 X + X 5,0, X, )5 (k)},
E{AV3(k)} < EfgT (k)(X 5,05 X 0,5 ()},

E{AV,(k)}

= E{g" (k) X}, SSiXp, + (d—tm) X}, S, X,

g A kA A
+ X g, 2 I T v pypi 1T (28, +(d —Tm)S,))X p,
=1

+ X5, 213,1 tr(Lpypi 1" (28, +(d —tm)S, )X p,
I=1

9 A %A A A —
+ X5 Y ICT tr( pypf I (xS, +(d —tm)S, )X p,)
I=1

k-1 k—tm—1
xg(b)—= > ¥ (@S ¥(@)- > ¥ (@)S,¥(@)
a=k-t a=k-d(k)
k—d(k)-1
Y Y(@S$¥(a),
a=k-d

E{AVs(k)} < E{zn" (k —m)Rn(k —m)

+0
= > 0" (k=m)Rxn(k—m)}.
m=1
According to Lemma 3.

=Dttt (k—=m)Rn(k —m)

m=1

<;(Zu 1(k —m)) RZﬂmﬂ(k m),

m=1
therefore
E{AV(k)} < E{T (k)X RX p)s(k)} (14)
with

s(k)=[X" (k) " (k=m)n" (k—d(k) n" (k—d)

Q. ke —m)" o (O]

m=1

By the definition of W(«), for any matrices M;, M, and
M39

26T (M (k) -ntk-1) =Y 5

267 (M [tk —om) =k —d() =317 P(@)]
=0,

F(a)]=0,
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26" (k)M [k - d(k) - n(k—d) = Y- 2D P (@)]= 0

From (12)

or(d py ot fT(Zje o P+ 7S +(d —Tm)S,)
<8 =1,...q).

To analyze the H, performance of the filtering error
system (10), consider the following index:

Iy =E(X (€ (D) - 72" Mok

=E(Y" (€ et - 720" (kak)
+V(k+D)-V(k)}-V(N+1)

< E{Zszo (" (k)e(k) -y o (k)a(k)+ AV (k))}.

(15)
Then

E {Z ,]{V:O (e (k)e(k) - y* o™ (K)a(k)+ AV (k))}

d(k)—7m r
T Xy, D g my Py X,

< E{¢T (k) e

+7Xp, S Xp, +(d —Tm)Xp S, Xp +Xp Xp
q
T T TA*TT
+ X s 2 iea TP X n, T X, IZW,IA,,.I Xp )i
=1

9 A q N en
+ XD wIB I Xy + X7 D i ICTT X,
I=1 I=1
+ M ST M +(d —tm)M,S; ' MT)
dk)—tm T
i d—tm (I +Xphi zjeS”iiP/'XPu
+ngiS1XP4i +(c7—rm)x,€ S X, +X1§5 X,

T
+ X, 2 s TP X, + X7 ZV/,IAIZI Xp)})

a .. .

+Xp D Wi IB X p + X, Z:l//,ICh-ITXP4
1=1 =1

+ M ST M +(d - Tm)My Sy MY )6 (k).

(16)
According to Lemma 2, it follows from (13) that

E{YY (@ Reth) - 2" (R)olk)+ AV (k)] <0,

which implies Jy < 0. When @(k)=0, by (13) and
Lemma 2

E{AV (k)} <.

As discussed in [25], inequality (12) holds. This
completes the proof.

To solve the reliable H,, filtering problem by the LMI
technique, the stability conditions (13) in Theorem 1
have to be inverted into LMI forms. Using the numerical
convex optimization algorithm [41] to solve the modified
LMI conditions, a reliable H,, filter can be obtained. In

the following conditions, we will try to find a possible
way for the solution of (13).

Remark 2: The asymptotically stability conditions for
the filtering error system (10) with a prescribed H,,
performance level have been obtained in Theorem 1 via
the delay-partitioning method. The condition can be
checked by solving a set of LMIs. As reported that delay-
partitioning approach is effective in reducing the possible
conservatism, at the cost of increasing the computation
burden, therefore, the partitioning number m should be
properly chosen.

Theorem 2: Given a scalar y >0 and the filter
parameters A, B, C, The filtering error system (10)
is asymptotically mean-square stable with its H,, stable if
there exist positive matrices P, O, O,, S|, S,, R,
matrices M, M,, M;, ©,, positive scalars o0,(/ =1,...,q)
satisfying the following inequality for any ie 9

_Hi AM, AM, ﬁiZ
- * -5 0 0 3
g, = <0,t=2,3, (17)
* * * ﬁi3
=0y pgi@i /11,017;?@1' ﬂap;f®i
* G)pi 0 0
B, = ’ <0, (18)
* * cH 0
1
* * * 0
L 2

l = 1)'"9 %
where
T

G)Psi ZJG.E‘” P @ @

®S1,i = Sl _®i _®1T9

®S2,i = S2 _®i _®ZT9

ﬁiZ = |:(®1XPII )T (®iXP6.i )T (21®IXP4, )T (ﬂ/z@iXP&i )T

Giixy) (B, (i) x|

I, = diag{®,,,0©

p,i’®Sl,i’®Sz,i’_A’ _A’ - A’ _1}

Proof: Consider that

-1
T T
zjeS”iJPJ -6,-9; Z®i(zjegﬂljpj) o,
5,-0,-0! >0e,s)"'e’,
$,-0,-6] 20,(S5,)"0;,

then
I, A4M, 4M, ﬁiz
% —
51 0 0 <0, 1=2,3, (19)
% * _S2
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where
I, =
diag{=0,(}. 7y P)"'01,-0,(3 7P O],
-0,(5)7'0],-0,(5,)"' O] ,~A,~A,~A,~1}.
And define
¥, =diag{l, 1,1, Z,-E T PO,
2 s PO LT}

Pre- and Post-multiply (19) by ¥; and ¥,” respectively,
it is direct to drive inequality (13). By the same way, it is
easy to obtain that (17) can imply (12). The proof is
completed.

Remark 3: By a variable ®,, we can eliminate the
coupling between the Lyapunov matrices and the
filtering error system matrices. Furthermore, this variable
does not require any structural constraint such as
symmetry, and provide potentially less conservative
results.

Theorem 3: Given a scalar y > 0 and the filter
parameters A, B,, C, The filtering error system (10)
is asymptotically mean-square stable with its H,, stable if
there exist positive matrices P, O, O,, S;, S5, R,
matrices, M,, M,, M, ©;, positive scalars §;(/ =1,...,q)
satisfying the following inequality for any i€ $

I AM, 4M, TII,

[1]|
|

= <0, r=23, (20)

*
*
%
N
(=}

* % * H;3
-6, P/ﬁ@i /11P1{[A®i ﬂfngi@i
— * 0, 0 0
5 - : <0, @1
% * ®Sl O
% * * ®S2
l=1,..,q
hold, where

I, = diag{@pji@

i’

éSI ,i’éS2,i’_A’ _A’ - A’ _1}’

=A;-0,-0],
-1

= (Zje&”ij) Zjelgﬂijpf'
Proof: Forany ie 8, Z, in(17) can be rewritten as

= = ..
i z_/elgﬂ-’]

Then E, <0, t=2,3. By the same way, =, <0

®p’,
A,

[1]]

| L 1=23 (22
" |A./:(Zje\9”fj)7lzj'a9”ifpf @2)

from (21). Therefore, the filtering error system (10) is
asymptotically mean-square stable with an H,
disturbance attenuation level y. The proof is completed.

In the following part, the problem of reliable H,, filter
design will be solved.

Theorem 4: Given a scalar y > 0 and the filter
parameters A; B, Cr The filtering error system (10) is
asymptotically mean-square stable with its H,, stable if
there exist positive matrices B;, B;, B;, O, 05, |15
Si2 Si35 Sa15 Saa, Sz, R, matrices My, M,, M, ©,;,
0,;, 04;, positive scalars &;(/ =1,...,q) satisfying the
following inequality for any ie 9

I, 4M, AM, T,
- * =S 0 0
g, = ! <0, t=23, (23
* x50
* * * ﬁB
_51 23i 1’1231‘ 12231‘
2 bR O 0 1o, 1= (24)
== <0, =1..,q
* * ZSi 0
| * * * Eéi
hold, where

T T T T T T T T
Hi2=|:27i X5 AZg ALy Zo Xy Xy 212[]»

I:IiB = diag{EZi > EZ; > ZsTia Ez,- A=A =AY,

5 _|:Sll S12:| 5 _|:S21 Szz}
1~ % S ] 2 = % S ]
13 23

B P
Pi:|:*l 2}’ 23z=[,01€®1f P1€®311»

B
24[=_A1j_®1i_®£ A2j_®2i_®§i ’
L * A3j - ®3[ _®§i
5, = _Sll -0,-0]; S$,-0, _(")51},
L * 83 -0, - 0y,
Zéi _ _S21 _®li _®1Ti Szz _®2i _ng}’
L * Sy - 05, - 05,
s = _®1TiAi +BMC, 4 0,1, 2mn CHE
l _®§[A[ +BMC, 4 0,1,2mn 05,4,
0,3, ®1T1Ali 0,3, GEBI' + éiMCIi
0,1,3n 03,4, 0,130 03,5, +é1’MCli:l,
0l 4, -0 +BMC, 4,-6) 0

7 1 n,2mn
S, = A X :
“lela-el +BMC, 4-©L 0

n,2mn

®1TiAdi 0,3, ®£ 4 0,5, ®1TiBi + éiMCIi
®3TiAdi 0,3, ®1TiAli 0,3, ®3TiBi +éiMC1i ’
*1/2
51"4 li On,2mn+7n+h
So=| e o

®1/2
s, AN .. 0

n,2mn+7n+h
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®]/2
0n,2mn+2n 513 li On,5n+h
2101' . 5
®]/2
_On,2mn+2n 5qB i On,5n+h
[ *1/2
On,2mn+6n 51C li On,n+h
S R
®1/2
_On,Zmn+6n 5qC i On,n+h
Ly = |:Ci -G On,2mn+6n+h:|7

-1

Aﬁ :(Zjegﬂ-if)

And the parameters of the desired filter are given as

C,=C,. (25)

Zjegﬁ,.jpf, f=12,3.

4,=03'4, B,=6B,

l

Proof: Partition ©;, P, S|, S,, as
0, 0, B, P,

@i — li 2i , P, | Tl 2i ,
G * B

S S, Sy Sy
Sl:[* Si3 | %2 = 8|

Substituting (25), (26) into (20) and (21), it is easy to
obtain LMIs (23) and (24). This proof is completed.

In Theorems 1-4, the asymptotically stability
conditions of the filtering error system (10) and an H,,
filter based on the method are obtained with known
sensor failure paramter and disturbance lever y.

Remark 4: As an important topic, the stability of
nonlinearity stochastic systems has been widely
investigated [17,24,28,34,36,37,39,40]. However, there
are few works about the mixed time-delay systems with
Markovian jump. In this regard, for the mixed time-delay
systems with Markovian jump considered in this paper,
people can further reduce the possible conservatism of
the main results by making an effort to construct more
general Lyapunov functionals, which leaves an
interesting research issue for further investigation.

4. NUMERICAL EXAMPLE

In this section, a numerical example is used to
demonstrate the effectiveness of the proposed reliable H,,
filter for a class of discrete-time mixed delay systems
with nonlinearities and stochastic noises. Consider
system (1) and the reliable filter (9) with the parameters
as follows:

-05 0.1 -04 0.1
Al = A3 = , AZ = A4 = ,
0 =02 0 =02

0.1 0
Ap =Ap =43 =434 = 0o o1l

-0.01 0 }

A11=A12=A13=A14={ 0 ~0.01

B =B,=By=B,=[0.1 0.1],
C=C=C=C,=[0.1 0],
€, =C,=Cy=Cy=[0.1 0.1],
Gy =Cp =Cy3 =y =0.01,

_1\k
t, =37, d(k)=1.5+—1+(2 b

T
A oA oA A =B —B - B - B
001 O :|

:cl*:c;‘:c;zcj:{ 0 001

and the transition probability matrix as shown in Fig. 1 is
given by
0.1 0.1 04 04
9o 02 0.1 03 04
101 02 04 03]

03 02 0.1 04

Then the following condition satisfying (2) holds.

- 1 +o0 1
=i, =57 < > mu, =35 <
o

m=1

And it is easy to verify that

d=15 d=25.

And vi(k)(i=1,...,4) represent the mutually uncorrelated

white noise sequences with unity covariances. The
sensor fault matrix M is assumed to satisfy 0.6 < M <0.8.

Then we can obtain that M, =0.7, M =0.1. And let
m=1, o(k)=exp(—k/10)xn(k), n(k)
distributed over [-0.5,0.5].

With the above parameters and by using Matlab LMI
Toolbox, we can solve LMIs (20) and (21), and obtain
the filter parameters

-0.2740 -0.1941 —-0.8156
Af = B Bf = s
0.0010 -0.1401 —-0.3146

C, =[0.8957 0.0054],

is uniformly

and y° = 0.2925. With these parameters, according to
Theorem 4, the filter error system (10) is asymptotically
mean-square stable. The simulation results are shown in
Figs. 2 and 3. Fig. 2 shows estimation of z(k) and Fig. 3
shows the estimated error e(k) which verify that the
expected system performance requirements are achieved
well.

Remark 5: It is obvious that, as m becomes larger, it
will greatly decrease the conservatism of the conditions
in main result, however, this will increase the
computation burden, so how to choose proportional
partitioning number m leaves for a further study.
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Fig. 1. The transition of Markovian chain p.
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Fig. 2. Output z(k), and estimated output Z(k).
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Fig. 3. The estimated error e(k)
5. CONCLUSION

In this paper, the problem of the reliable H,, filtering
for a class of mixed-delay Markovian jump systems with
stochastic nonlinearities and multiplicative noises has
been investigated. A new Lyapunov-Krasovskii function-
al and delay-partitioning technique have been used to

design the filter, such that the filtering error system is
asymptotically mean-square stable. And the filter
parameters can be obtained by solving certain LMIs. An
illustrative example has been used to show the
effectiveness of the proposed method.
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