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Abstract

This paper is concerned with the problem of H.control for a class of distributed parameter systems with delay and Markovian
jumping. The jumping parameters are generated from continue-time discrete-state Markov process, nonlinearities and leakage delay
appear in the system states. An H. state feedback controller is designed such that the closed-loop system is asymptotically stable in
the mean square for the zero disturbance input and also achieves required H. performance level. By constructing Lyapunov
functional and stochastic analysis, the sufficient conditions of systems is given in terms of linear matrix inequalities. And the criteria
derived are dependent on both delay and diffusion operator. Finally, a numerical example is presented to demonstrate the

effectiveness of the results proposed.

Keywords: H,, control, distributed parameter systems, time-varying delay, leakage delay, Markovian jumping

1 Introduction

It is well known that distributed parameter systems have
attracted increasing interest due to their extensively
applications in solving some thermal, chemical reactor
processes and population dynamics. These processes are
distributed in spatial and time, which usually described
by partial differential equations. Complexity of
dynamical behavior has been exhibited in evolution of
distributed parameter systems. Since time delays as a
main source for system bad performance even instability,
arise owing to finite switching speed of amplifiers and
communication time. Therefore, it is extremely
significant to investigate the control problem of delayed
distributed parameter systems. The variable structure
control scheme has been designed for stabilization of
parabolic distributed parameter systems with delays in
[1,2]. Time delay in the leakage term is also important on
the dynamical behavior of system [3]. Recently, stability
of BAM neural networks with leakage delay has been
investigated in [4] and passivity analysis for neutral
neural networks with Markovian jumping and delay in
the leakage term has been studied in [5]. Moreover,
stability, oscillation and periodicity for delayed
distributed parameter systems have further been studied
in [6-8]. By using meanfield theory and the auxiliary
function method, the stability of stochastic distributed
parameter systems has discussed in [9-10]. In particular,
linear matrix inequality (LMI) technique has been
introduced to study the robust control problem of delayed
distributed parameter systems in [11]. After then, LMI
technique has been the effective ways to analysis and
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control for delayed distributed parameter systems. Using
LMI technique, the problem of H., state feedback control
for a class of distributed parameter systems with delay
has been discussed in [12]. An H., fuzzy observer-based
control has been presented for a class of nonlinear
parabolic systems with control constraints in [13]. Also,
sampled-data control for fuzzy systems to achieve a
required H., disturbance attenuation level has been given
in [14].

In recent years, increasing attention has been
motivated to control of Markovian jumping systems. This
class of system has switching parameters which are
governed by a continuous-time discrete-state Markov
chain, and has many applications such as fault-tolerant
system, target tracking and so on. In [15,16], the
influence of Markovian switching on stochastic neural
networks with mixed time delays has been considered in
the stability analysis. Since, synchronization of
Markovian jumping neural networks with reaction-
diffusion terms has been investigated in [17]. However,
to the best of our knowledge, the H. control of
Markovian jumping distributed parameter systems with
leakage delay and time-varying delays has never been
tackled.

In this paper, the H., control problem is addressed for
a class of delayed distributed parameter systems with
Markovian jumping parameters. Time delay include
leakage delay and time-varying delays, and nonlinearities
appear in the system states. Ourmain purpose is design an
H.. state feedback control strategy such that the system is
asymptotically stable in the mean square for the zero
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disturbance input and also achieves
performance level.

Notation.Throughout this paper, R" and R™" denote,
respectively, the n—dimensional Euclidean space and the
set of nxm matrices. The superscript ‘T’ denotes the
transpose and X >Y (respectively, X >Y ) means that
X —Y is positive semi-definite (respectively, positive
definite). 1 is the identity matrix with compatible
dimension. Forh > 0,C([-h,0];R") denotes the family of

required He

continuous functions ¢ from [-h,0] to R" with norm

|| = sup 1@(0)|, where |-| denotes the Euclidean
-h<0<0
norm. L?() denotes the space of real Lebesgue
measurable functions. ||-||=(L|~\2)5 is the norm of
)

Banach space. Let (S, .{ /}.,.
probability space with a filteration{ 73}

P) be a complete
satisfying the
usual conditions. Denote by L”/B ([-h,0],R") the family

t>0
of all bound, .7, measurable, C([-h,0;R") — valued
random variables. E{} stands for the mathematical

expectation operator. The asterisk * in a matrix is the
term that is induced by symmetry.

2 Problem formulation

Let r(t) (t = 0) be a right-continuous Markovian process
on a probability space (s,. 7 .{ 7}.,,P) taking values in
a finite state space S ={12,-",N} with probability
transfer matrix 11 = (z),,, givenby

zA+o(A) if i# ]

Pir(t+4)= Hr(t):i}:{uﬁ A+o(A) if Q=]

where A >0, and z, >0 is the transition rate from i to
j if j =i while:

”n:iZ ”Ij’i’jES:{l’z’-”’N}' (1)

j=i
The distributed parameter systems with Markovian
jumping and leakage delay can be described by the
following partial differential equations:

[

| 6th"f) = DAX(LE)— A(r()X(t- 7. )

} +B(r () f (x(t,£))

{ OOt -o®).8) )
| FE(FO)(LE) + W(t.)

| [E(r)x(t,&)]

] (r(0)x( §)J

L G(rM)u (L&)

forteR™ and ¢ =[&,¢&,,",¢, ] eQcR",
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0<¢& <I(c=12,",m). Q isacompact set with smooth

in R"
denote

boundary  oQ and mesQ > 0
X(t,6) =[x, (6,6). %, (1. £), . %, (£, O] e R
state of system in space ¢ and attime t. A ="

the

m 52
2

is

c=1 o¢?

Laplace operator in @ , and transmission diffusion
operator

D =diag(d,,d,,"",d_) > 0. A(i),B(i),C(i),E(i),F (i) and
G(@i)(i=1,2,",N) are matrices.
u(t,&) denotes external input vector. w(t,&) denotes
disturbance input. z(t,£) is controlled output. The
leakage delay r > 0 is a constant. The bounded function
o (t) is time-varying delay, and satisfies
0<o, <o(t)<o, ,and ot)y<o, <1.
The initial conditions of Equation (2) is given by:
X (8,6) 09, (s.8)

Xk (Ssg) =0y (S, §)a ot ot B

nxn known

-7 <5<0,7 =max{r,o,,,0,L k=12,",n.
and having boundary conditions:
\T

) =>

Throughout the paper, we make following assumption
for the nonlinear function.

Assumption 1 [18]For ke {1,2,--,n} , the nonlinear
function satisfy

fk(sl)7 fk(sz) <|+
- 'k
5,735,

ox (t,E) [ ox, (&) ox (&) . ax (1.€)
on _|\ or,  o&, T o,
Vt>0,E€0Q,k=12,",n.

I, < >
s,)— s
IT],ggk(l) gk(z)gm;’
S-S,

wherel_, 17, m_ and m, are fixed constants.

Assumption 2 f() and g() satisfy f(0)=g(0)=0 .
Remark 1: The constants I_,I7,m, and m; are allowed
to be positive, negative, or zero in Assumption 1. Hence,
the resulting nonlinear functions are in the sector, and are
more general than the usual Lipschitz conditions. In this

paper, for the Equation (2), we consider the following
state feedback controller:

U(t,é) = —KX(t,f) (3)

and the definition for asymptotically stable in the mean
square as follows:

Definition 1 The controlled systems is said to be
asymptotically stable in the mean square if, in case of
w(t, &) = 0, for every system mode the following holds:



COMPUTER MODELLING & NEW TECHNOLOGIES 2014 18(12A) 152-160

lim E |x(t.&)[ =o.
The combination of controller Equation (3) and the
Equation (2) yields the following closed-loop system:

ox(t,¢)
ot

=DAx(t,&) - A(r(t))x(t—-7,&) +

B(r(t)) f (x(t,$)) +
Cr))g(x(t-o(t).&)) -
E(r(t)Kx(t, &)+ w(t, &)
[ F(r) 1
= x(t, &)
7G(r(t))KJ

(4)

(
|
|
|
3
|
|
| z(t.$)
(

The purpose of the problem proposed in this paper is
to design a stable H., controller for Equation (2) via state
feedback. The controller is to be designed such that:

1) The zero-solution of the closed-loop system with
w(t, &) = 0 is asymptotically stable in the mean square.

2) Under the zero-initial condition, the controlled
output z(t,&) satisfies |z| < 7 |w|| hold, where y >0 is a
prescribed constant.

To obtain the main results, we introduce the following
lemmas.

Lemma 1(Jensen’s inequality) [19] For any positive
definite matrix M > 0, scalar v > 0, and vector function
o :[0,v]— R" . If the integrations concerned are well

defined, the following inequality holds:

T

(LV w(s)ds) M (jo w(s)ds) < vjo o' (5)M w(s)ds .

Lemma 2 [18] Suppose that B = diag(s,,5,.".5,) IS &

positive semi-definite matrix. Let x = (x,x,,"",x,)" ,
eR" and I (x) = (h(x).h,(x,),,h (x,))" be a
continuous nonlinear function satisfying:
h
<  (5) <z',s#0,seR,k=12,",n,
S
with  ~ and y " being constant scalars. Then:
[ox 178x, -8x, x ]
<0,

[0l [-3x, 3 |[9r00]
oOr:
X BX,x—2x"BX,H (x)+ H " (X)BH (x) <0
where X, =diag(x, 2, 2, 22> Xn X)) and
X2 _ diag(n’;z[ , 12;15 o zn*;zn’ )

Lemma 3(Schur complement) [19]. The following linear
matrix inequality (LMI):

(Q s’
| | <
(s -R)

0,
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is equivalent to the conditions: R >0, Q+S"R'S<0,
where Q =Q", R=R".

For presentation convenience, we denote

)

(17 +17 1+
L2:diag| 1 1 2 2
L 2

P
’Inln

L, = diag(l,’1,,1;1, "
1)

,2)|,

s 5

. + - + - hee + -
M, =diag(m; m ,m,m, -, m m_),

(m:+m- m!+m,
M, = diag| — L 2 z .-
2 2

\
ax(t,&)

and x (t,&) ==

+ -
m +m
2

> s ]

|
J

3 Stability analysis of closed-loop system

First of all, we deal with the problem of stability analysis
of closed-loop Equation (4) with given controller and

w(t,&)=0.

Theorem 1 Given the controller parameter K . The
closed-loop Equation (4) with w(t,£)=0 is globally
asymptotically stable in the mean square if there exist
three matrices Q, >0, Q, >0 and R >0, three sets of
matrices P, >0, P, >0 and P, >0(ieS), and two sets
of positive-definite diagonal matrices A,, =,(i e S) such
that the matrix inequality holds:

[, ,30) Q.0 2,3
I * Q) -P,A() P,B(i)
o= * Q, 0
E(i) =] )
.. ..
M, P,C(i)]
0 PBiC(i)I
0 0 |
0 0 I<0’ ®)
2.3 o i
* ‘QGGJ
where:

. m _
Q11(|):—2|—2F’2iD—2P2iE(|)K -Q,+Q, +

AL -EM,

ZﬂijP
Qu(i)=P —P, —-KE"()P,,
[213(i) =Q, - PZiA(i),.Q”(i) = PZiB(i) + AL,

0,,(1) = Tle —2P;, 02, =-Q,-Q,,
Q. ()=R-2,02,.=-1-0,)R.
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Proof: In order to obtain the stability conditions, we  Markov process. Its weak infinitesimal operator LV is
choose the following Lyapunov functional for each mode  gefined by:

ieS.
1
V(Li) =V, (Li) +V, (t,i) +V, (t.i) +V, (t,i), (6) ?/V(tai):A'L";‘ZSUP[E{V (LA, r(t+ A) IX(EE).r() =1} 7y
where =V (tr(t) =i)],
V, (t,i) = j X' (LE)P x(t,E)dE, From Equation (6), it can be seen that:
V(L) = IQ {T.LO Lt 0 X (5,£)0.x. (5, £)dsd 6 + UVt = 2V (i) + 2 V(i) + 2 V(G + 2V (L), (8)
. ] where:
[ X (56Qx(s.6)ds ¢, N0 = [ [2X (LEPX (L) +
V=] [ 0T (K DRI (s ENdsa s, S T (P (LA, ©)

Vv, (t,i) = jﬂ (VX(t,£))" DP, VX(t,£)d €.

For the Equation (4), we will discuss the system mode
r(t)=i,vies . It is known that {x(t,&),r(t)} is a

M) = [ ) (GO () o[ X (5,6)Q,x,(5,£)ds + X' (LE)Q,X(L,E) - X' (t=7,£)Q,x(t~ 7, E)}¢ <

L) O )~ ([ x(5.£05) ([ X, (5.5 )+ X' (LEIQK(LE) - X' (1= r. E)Qx(t - 7,23 = (10)
[ A% (0 OQX (.6) + T (1.6)(-Q, + Q,)x(1.£) + 2XT (L E)QX(t=7.6) + X' (t=7.6)(-Q, - Q,)x(t ~ 7.6)}d¢,

SV (D) < [ {9T (LRI (X(LE) - (L= 0, ) (X(t - o (1. EDRY(X(t- o (1), ENIIE, (11)
O 08 OR s gs ) We e e e derotr nevon 20 1
0=2[ X (LEP[DAX(LE) - AMX(t-7,8)+ BO) T (X(6.6) + CI(X(t - (), £) - EDKX(L.E) - X, (LENAE, (13)
and:

0= ZJ'QX: (L S)PLIDAX(L &) = A x(t —7,5) + B(I) F (x(t,£)) + C (g (x(t - o (1), 5)) - E(Kx(t, &) — X, (t.5)]d S, (14)

with a set of matrices P, >0 and P, > 0. where:

From the boundary condition and Green equation, T T T T
taking into account the Poincare inequality, we get: 7(t.8) =D (t.8)x (L&) X (t=r. &), T (x(.£).
9" (x(t.€)).g" (x(t—o (t),EN]".

[ X" t.)P,DAxX(tE)dE = —_[Q(Vx(t,zf))TPZiDVx(t,é)d§ <

- [ X (L), DX(L &)L - Iré“(i) 2,00 2,0) B0 0 RO
17 7o ’ “ , | * sz(i) _PsiA(i) PsiB(i) 0 P3iC(i)|
Integrating by parts and taking the place of boundary 2 } * * a2, 0 0 o |
condition leads to: =M=, N N |
| 0 0 0 |

[ X (6P DAX(LE)dE = { * * * < R0
(16) L * * * * * '066 J

=2[ (VX(t.£))" DP, (VX(t.£)),d¢.

Therefore, by adding the right-hand side of Equations ~ ,,(i) = - Z%Pz.D —2P,E())K —Q, +Q, + > 7P,
(13)-(14) to ~ v (t,i) and by taking note of Equations =

(15) and (16), we obtain: 02, (i), 2,,(), 2,(), 2, and 2, are defined in Theorem

1.
7V (i) < J’ n (LE)E @t E)deE, (17)  Also, by Lemma 2 and Assumption 1 and 2, we have:
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I X (LEVA Lx(LE) = 2x" (LEVA L, f (X(,E)) + ) From Equations (18) and (19), it follows that:
£ ENA,F(X(,E)]dE <0,
J‘Q[XT (t: §)Z|M 1X(t5 é) - 2XT (t: é‘:)Z.M zg (X(tag)) (19)

+9" (X(6,E)Z, g (x(t,£)]dE <0,

V(L) < L){UT OO (1.8 ~[x (LA LxX(E) - 2x" (LA L, F(x(t.E) + T (x(LENA, F(x(t, )]~ (20)

X' (O M X(,E) = 2xT (LE)ZM,g(X(1,E)) + g (X(1,E))Z,g(X(LENIIAE = IQUT(t,é)(i)n(t,é)dé
where (i) are defined in Theorem 1. In othe_r words, _the Equation (4) is globally
Letting p, =sup. {2 (i)}, it follows that p, < 0. asymptotically stable in the mean square.

From Equation (20), it is clear that: 4H.performance analysis of closed-loop system

, : T 2

SV pof 0T @S < py [x(t (@1 Next, we will analyze the H.. performance of the closed-
loop Equation (4).

Theorem 2 Let the controller parameter K be given and
y be a prescribed positive constant. The closed-loop

(22) Equation (4) is globally asymptotically stable in the mean
EV(O,r(O))+/JOEL:||><(S,§)||2 ds. square for w(t,&) =0 and satisfies |z| < »* |w| under
the zero initial condition for any nonzero w e L,[0,) , if
there exist three matrices Q, >0, Q,>0 and R >0,
three sets of matrices R >0, P, >0 and P, >0,(i e S)
t — +oo . By Barbalat’s lemma, it holds that: and two sets of positive-definite diagonal matrices A ,
T, (i € S) such that the matrix inequality holds:

Therefore, we obtain

EV (L, r(t)) = EV (0,r(0)) + Ej;:/v (s,r(s))ds <

Note that o, < 0and v (t,r(t)) > 0 . Equation (22) implies

that the integral I;E"x(s,g)uzds is convergent when

lim E |x(t, )| =o.
tow

|—Y11(|) ‘le(l) ‘Qla‘(l) QlA(I) 2|M2 PZlc(l) P2i —|

| 2,(@0) -PyAG) PB(G) 0 P,C() P, I

} * * Q, 0 0 0 0 }
E’(i):l * * * _Ai 0 0 0 |<07 (23)

i * * * * st(i) 0 0 i

| * * * * * 065 0 |

\\ * * * * * * _}/2 |J
where We now focus on the H,, performance of the closed-
loop system. Choose the same Lyapunov functional
y () = —zﬂzpﬂo -2P,E())K -Q, +Q, + candidate Vv (t,i) as in Theorem 1. The similar line

. calculation as in Theorem 1 leads to

%ﬁiij—AiLl—EiMl+F HF@)+K'GT ()G (i)K, z/V(t,i)sjggT(t,g)lﬁ(i)g(t,g)dg, (24)
2, (i), 2,,(), 2,,(i), 2,,(i), 2
defined in Theorem 1.

Q. () and @, are  where:

33!

Proof:It is easy to verify that = (i) < oimplies ¥ (i) < 0.
According to Theorem 1, the closed-loop Equation (4) is
globally asymptotically stable in the mean square.
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|F.Qn(i) Q,0) 2,0 2,0 M, P,C(i) Pzﬂ‘
| * 'sz(l) _P3iA(i) P3|B(|) 0 P3|C(I) I:)3i ‘

I * * Q, 0 0 0 0 }
wi)y=| * * * ' 0 0 0 <0,
I * * * * st(i) 0 0 }
| * * * * * Qee O ‘

L * * * * * * O J

$(6,8) =[x (€)% (t.6),x" (t-7,€), fT(x(t,€), 9" (X(t,£)), 9" (x(t - o (1), ), W' (1]

In order to study the H., performance of the Equation (4),

we introduce the indicator as follow:
t'

1= " (lewol -7 we.o) )at. (25)

Under the zero initial condition, from Equations (24) and

(25), for all non-zero external disturbance w e L,[0,),

we get:

J=E[[ @' (LO2LE) -y W (LWL E)dsdt <

E[NI] (27 0Oz -y W (LWt g)de + (26)

LV (@Dl = E[ '] &7 (0¥ ()¢ (L £)ddt,

wherey (i) is defined in Theorem 2.

By Lemma 3, Equations (27) and (28) can be
rewritten as the form of Equation (23). Along the similar
line as in the proof of Theorem 1, we can derive that

J<0 Letting t, > o , we obtain that

[z2(t.&)] <  |w(t.£)| . This completes the proof.

Accordingly, an approach to design a stable H.
controller for Equation (2) is provided in Theorem 2. The
result in Theorem 2 can be solved efficiently by LMI
algorithms.

5 Two special cases

In fact, the Equation (2) is rather general. Two special
cases are considered in the following.

Case 1 InEquation (2) has no Markovian jumping
parameters and the model can be reduced to:

l[¥ = DAX(L,) - AX(t=7,&) + B (x(t,£))

|

J +Cg(x(t—o(t),£)) .(27)
| +EU(t, &)+ w(t, &)

| [ Fx(t,&) ]

| e

The following corollary is easy obtained from Theorem 2.
Corollary 1 Let the controller parameter K be given and
y be a prescribed positive constant. The closed-loop

system of Equation (27) is globally asymptotically stable

157

for w(t,&) =0 and satisfies ||z[" < »*|\w|’ under the zero
initial condition for any nonzero we L,[0,) , if there
exist six matrices P >0, P,>0, P,>0,Q, >0, Q, >0

and R >0, and two positive-definite diagonal matrices
A, ¥ such that the matrix inequality holds:

;—rll 'le Qla 014 E M 2 PZC PZ ~I
| * 2, -PRA PB 0 PC P
} * x 0. 0 0 0 0 I
o= x ox * 4 0 0 0 <0, (28)
1= |
} x o« x x 0o_ 0 0 {
‘ * * * * * QBB 0 |
L * * * * * * _]/2|J
where

m
r11=—2|—2P2D—2P2EK -Q+Q,— AL, ~IM, +
F'F+K'G'GK,

T T
~-K'E"PR,,

0

12

=P-P

2
0,=Q,-PA 02  =PB+A4L,

:TZQ1_2P3’ '033 -Q,-Q,,
=R-2, Q,=-(1-0,)R.

0
Q

55

22

Case 2 In second cases, by taking =0 and C =0 in
Equation (27), i.e., the Equation (27) has no leakage
delay and time-varying delay. Equation (27) becomes:

(

| ax(;t,g) ~ DAX(L, &) — AX(L, &) + B (x(t,£)) +

J Eu(t,&) + w(t, &) . (29)
|

ey X

| LGu(t,e;)J

and we have the following corollary.
Corollary 2 Let the controller parameter K be given and
y be a prescribed positive constant. The closed-loop

system of Equation (29) is globally asymptotically stable
for w(t,&) =0 and satisfies ||z[" < »*|\w|’ under the zero
initial condition for any nonzero we L,[0,) , if there
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exist three matrices >0, P,>0 and P,>0, and a

positive-definite diagonal matrices A such that the
matrix inequality holds:

I— 11 012 ‘013 PZ —I
* _2P, PB P
y | = Rl (30)
L *  _4 o |
\‘* * * 772|J
where
- m T T T
Yn=—2|—2P2D—2P2EK—2P2A—AL1+F F+K'G'GK,

Q,=P-P,-A'P,-K'E'P, Q_,=PB+AL,.
6 A numerical example

In this section, an example is given to show the
effectiveness of our results. Consider the closed-loop
Equation (4) with the following parameters:

|=1,m=1,D:[2 21,1:0.1,6d —04.
4 o [15 147 r17 11
Am:{o 3J'B(1):[—1.7 —1.3J'C(1)1—1A8 1,6J'
[0.6] 1
E(1)={1J,F(1)=L J,G(l):LO J,
M35 [17 197 [15 1.3]

E(2) = {Oﬂ JF(2) = {Oﬂ ,G(2) = {Ow )

The probability transfer matrix of the Markov process
2]
_4J'

In this example, the H.performance level is given as
y =1.2 and state feedback controller is designed by
ut,g)=-I8 6]x(t,¢).

Nonlinear function are described by:
f,(s) = g,(s) = tanh(-0.8s), f,(s) = g, (s) = tanh(s) and we
have:

governing the mode switching is I1 = L A

[-0.4
0

0
0.5

1
J .

With the above parameters, we can solve Equation
(23) by using the MATLAB LMI toolbox.

—

5 [ 0.1318 -0.1464]
1_{70.1464 0.3123J

[ 0.0797 -0.0531]

P, = '
|-0.0531 0.3051 |

2
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[0.8813

P = L0.3635

21

[0.0572

P ™ Lo.o335

31

[ 1.4745
t {—0.1608
[1.2197
- LO.SOSG

[2.2490
1o

A

2

[2.7588

EZ—L 0

Therefore, the Equation (2) is globally asymptotically
stable in the mean square when w(t,&) = 0 and the effect

of the disturbance input on the controlled output is

Qian Xueming, Cui Baotong

03635] 09014 0.3223]
0.7294] % Lo.3223 0.6515J'
003351 ~ [0.0687 0.0218]
0.0377]" % L0.0218 0.0426J
~0.1608] B [0.9150 0.3651] .
12787 | L0.3651 0.1818J
0.3036 [1.5833 0 |
2.2693J’ oo 1.3644J'
0 ] _[22055 0 ]
2.0964J’ ' 0 4.3833J’
0
4.5153J '

constrained to the required level (Figure 1-6).
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FIGURE 1 Mode 1:x; State Evolution

A

FIGURE 2Mode 1:x, State Evolution
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FIGURE 3Mode 1: Evolution of state L, norm

)

FIGURE 4Mode 2:x; State Evolution

FIGURE 5Mode 2:x, State Evolution

References

[1]
[2]

[3]
(4]

(5]

Orlov YV,Utkin VI11987Automatica23(6)753-7
CuiB,WangW,DengF 2004Chinese  Journal
Mathematics21(6) 920-4(in Chinese)
LiC,HuangT2009Journal of Franklin Institute346 (4) 366-77
GopalsamyK2007Journal of Mathematical ~ Analysis
Applications325(2) 1117-32
BalasubramaniamP,NagamaniG,RakkiyappanR
2011Communications in Nonlinear Science and Numerical
Simulation16(11) 4422-37
CuiB,LiuY2003Journal
Mathematics154(2)373-91
LouX,CuiB 2009ActaAutomaticaSinica35 (1)77-84(in Chinese)

Ji M, Li Y, Chen Z 2014 Computer Modelling & New
Technologies18(1)38-43

of Engineering

and

[6] of and
[7]

(8]

Computational Applied

Xueming Qian, 1981, Wuxi, Jiangsu province, China.

professional college of science and technology, China.

159

Qian Xueming, Cui Baotong

FIGURE 6Mode 2: Evolution of state L, norm

7 Conclusions

In this paper, H., control problem for a class of delayed
distributed parameter systems with leakage delay and
Markovian jumping parameters has been studied. A state
feedback controller has been proposed such that the
resulting closed-loop system is asymptotically stable in
the mean square for zero disturbance input and also
achieves a required H. performance level. The criterion
obtained is delay-dependent and LMI-based, which can
be solved by MATLAB easily. It is worth noting that
sector condition of nonlinear function is considered
reducing the conclusion conservative. A numerical
example has been provided to demonstrate the
effectiveness of our results.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China (N0.61174021, 61403165), the
Natural Science Foundation of Jiangsu Province of China
(No.BK20131109), Soft Science Research Program of
Wuxi of China (No.KX14-B-13).

[9] Liao X,Fu Y, Gao J, ZhaoX 2000Acta Electronica Sinica28(1) 78-
80(in Chinese)

[10] LuoQ,DengF,BaoJ, et al 2004Sci China Ser F-Info Sci47(6) 752-62

[11] LuoY,DengF 2006Control Theory and Applications23(2) 217-24

[12] LiY2010Science Technology and Engineering10(26) 6391-3

[13]WuH,LiH2008IEEE Transactions onFuzzy Systems12(2) 502-16

[14] Yoneyama J 2008Journal of Computers3(11)25-31

[15] Liu Y,Wang Z,Liu X2008Nonlinear Dynamics54(3) 199-212

[16]Ma Z, Zheng Y, Zhong S, Zou X2014Computer Modelling & New
Technologies18(1)31-7

[17]Shi G,Ma Q 2012Neurocomputing77(1) 275-280

[18] Liu Y,Wang Z,Liu X2012Neurocomputing94(1)46-53

[19] LouX, CuiB 2010MathematicsandComputersin
Simulation80(12)2258-71

[20] FridmanE, 2001Systems & Control Letters43(4)309-19

Current position, grades: PhD candidate in control theory and control engineering at Jiangnan University; lecturer at Wuxi

University studies: MS degree in mathematics at Yangzhou University, China in 2009.
Scientific interests: control theory of distributed parameter systems, modeling and control of mobile sensor networks.



COMPUTER MODELLING & NEW TECHNOLOGIES 2014 18(12A) 152-160 Qian Xueming, Cui Baotong
Baotong Cui, 1960, Zibo, Shandong province, China.

Current position, grades: professor at the School of Internet of Things.

University studies: PhDdegree in control theory and control engineering at the College of Automation Science and Engineering,
SouthChina University of Technology, China, in 2003.

Scientific interests: systems analysis, stability theory, impulsive control, neural networks and chaos synchronization.
Experience: post-doctoral fellow at Shanghai Jiaotong University, China, since 2003 to 2005.

160



