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ABSTRACT This paper put forward an improved stochastic stability condition for Markovian jump systems
with interval time-varying delays. Markov jump parameters are modeled as a continuous-time Markov chain.
We choose an improved Lyapunov—Krasovskii functional (LKF) and the linear matrix inequality (LMI)
formulation, which can improve stability conditions with delay dependent and more suitable for solving
related convex optimization problems. A new inequality processing method and the improved Wirtinger-
based inequality with integral are used to deal with the LKF. The new results are showed by the LMI. At the
end of this paper, some examples will be given to show that our method is effective and will bring lower
conservatism.

INDEX TERMS Markovian jump systems (MJSs), interval time-varying delay, improved Wirtinger-based

integral inequality.

I. INTRODUCTION

Markovian jump systems(MJSs) is a stochastic system with
multiple modes, the jump transfer between various modes is
determined by a set of Markov chains. In the process of prac-
tical application, because the equation of state of the system
often has a certain randomness, this kind of system can not be
described by the linear time invariant system. For example,
some industrial systems may change suddenly in different
parts of production or a sudden failure of some part of the
system. However, this dynamic system can be accurately
described by MJSs, which has been widely studied. In 1961,
a continuous time model of MJSs has been established by
Krasovskii and Lidskii et al. With the extensive application
of modern computers, the form of discrete time is extended in
the subsequent study, and the discrete time model of the MJSs
is established. Since then, the analysis and synthesis of MJSs
have been widely and deeply studied, and the results of the
phased research are reported. For example, In [1], the control-
lability, observability, stability, detectability and linear two
degree control problems of continuous time MJSs have been
discussed, and the indispensable and adequate conditions are
given. In [2], the problem of stability and control for uncertain
MISs are studied, the necessary and adequate conditions are
shown in the form of LMIs. In [3], the H, control problem
of the MJSs and provides a design method of the expected

controller have been studied. In [4], the Hs, and H> output
feedback control problems of MJSs are studied, the adequate
conditions for the existence of the expected controller are
shown in the form of LMIs. In [5] and [6], a design method
for a synovium controller has been provided for a MJSs with
uncertainty. In [7]-[9], for the singular systems with Marko-
vian jump parameters, the stability analysis, stabilization,
guaranteed cost control and H, control have been discussed,
the corresponding analysis and design results are given in the
form of LMIs.

However, in practical applications, time delay usually
exists in the MJSs, which reduces the normal operation of
the system and even affects the instability of the system.
Therefore, the research into MJSs with time delay has been
focused. Generally speaking, when a time-delay in a MJSs
is small enough, compared with the stable condition without
time delay, the stability criterion dependent on time delay
is not only not conservative, but also can get the upper
bound of the maximum time delay that satisfies the stability
condition of the system. In the interest of make the stability
of the jump system less conservative, researchers have put
forward many effective techniques and methods. Such as the
convex analysis method, the time delay processing, the model
transformation technology, the free weight matrix, the dis-
crete Lyapunov method in [10]-[13], [25], and [26]. These
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methods have effectively reduced the conservatism of the
conditions. However, these methods have some limitations.
Either it is not enough to consider the processing of the
condition of the function, or the method for the contraction of
the LKF can still be improved. In [24], the Jensen’s inequality
method has been used to deal with inequalities. Then we
found that this method was conservative and needed to be
improved.

In this paper, we have presented an improved stochas-
tic stability condition for MJSs with interval time-varying
delays. The improved Wirtinger-based inequality with double
integral and the new inequality processing method are used
to handle the LKF. This method has a lower conservativeness
compared to the methods mentioned above. At the end of the
article, some examples will be given to show that our results
are improved.

In this paper, the symbol “T” represents the matrix
transposition, R” shows the n-dimensional Euclidean space.
0 indicate the zero matrix. The notation {2, F, P} indicate
the probability space. €2, F and P represent the sample space,
o -algebra of subsets of the sample space and probability
measure on f, respectively. S > 0 is used to show a
symmetric positive-definite matrix. The symbol ““x” shows
a term that is induced by symmetry. When «(p) =i € § =
{1,---, M}, wesignA; = A(k(p)).

Il. SYSTEM DESCRIPTION AND PROBLEM ANALYSIS
Let us define the following delayed MJSs:

X(1) = Ar@)x(@) + Ag(r())x(r — d (1))

ey
x(1) = (1), 1 € [—h2,0]

where x(#) € R”" represents the states,r(t) represents hav-
ing values in a finite-state space § = {1,- - -, M} and a
homogenous stationary Markov chain defined on {2, F, P}.
The state transition rate matrix E = (u;j)yxn 1s represented
by:

1A + o();
ij # i,
1+ wiiA + o(A);
ifi=1i

where (1 > 0, if j # i = — Yon j; yp-In MISs (1),d()
expresses the time vary delay which section is :h; < d(¢) <
hy and d(t) < w. In MJSs (1), ¢(¢) is defined on interval
[—hy, 0].

Lemma 1 [15]: The given invariant values m and n with
m < n,(for any constant matrix H > 0,and successively
differentiable functions x € [m,n] — R,the following
inequality shows:

_ 2 n o prn
(n—my / / T (u)Hox () dud
2 m JO

n pn T n pn
> </ / x(u)dud@) H (/ / x(u)dud@)
m Jo m JO

+201HO,

Plr(t + A) =jlr(t) =i} =
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where

n n 3 n n n
O = —/ / x(u)duds + —/ / / x(u)dvduds
m JO S=rJm Jo u

Definition 1 [24]: The MIJSs (1) is stochastically stable,
if #(0) € S and for finite ¢(¢) defined on [—#h;, 0], the follow-
ing relation holds:

1—>0o0

t
lim E{/ xT(t, 9, r(0)x(¢, ¥, r(0))d(s)} < oo.
0

Ill. MAIN RESULTS
In this part, we get a improve synchronization method by
using aforementioned Lemma.

Theorem 1: For any delay d(t), given arbitrary constant
hi,hy,and w. Then, if there exist n x n matrices P; > 0,01; >
0,00; > 0,03 > 0,01 > 0,0 > 0,03 > 0,721 > O,
and Z, > 0O,the MJSs (1) is stochastically stable which the
following LMIs keep forany i =1, - - -, N:

Yi<O0 2)
N
> Qi < Qi 3)
j=1
N
D 10y < 0 )
j=1
N
D 103 < 03 (5)
j=1

and (6), shown at the bottom of the next page, with

O = P + (PA)T + Q1 + 03 + Q)
h2
+(hy — )02 + Q3 — W3 Z; — ?121

hy — hy)?
—(hy — )2 — %Zz
h4 (h2 _ h2)2 N
AT (G2 + DA+ ) b
Jj=1
h4 h2 _ h2 2
Ay = PiAdi+Al-T(ZIZ] LB n D
O2; = =01 + Oo;

O3 = —(1 — )0
h4 ( h2 _ h2)2
AT (M, 2 1
+Ay( 1 1+ —4
Proof: ~ We apply the newly improved inequality
method to the Markov structure, a new method x;(s) = x(¢ +
$5),s € [—2hy, 0] is defined. And we use an improved LKF:

Vxg, t,r(t) = Vi(t) + Va(t) + V3(t) + Va(t) where
Vi(t) = xT (O)P(r(0))x(t)
t
Va(t) = / SO0 ra)ds
t—ny

Z3)Agi

27)Agi
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t—h
+ / T (9)02(r(D)x(s)ds
t

—d(t)

t
+ / xT($)Q3(r(1)x(s)ds
t

_h2
h2 t t t
Vi(t) = -4 / / / T WZx(v)dvduds
2 t—hy Js Ju

/’l2 _ h2 t—hy t pt
+ -2 / / / i (V) Zox (v)dvduds
2 t—hy Js Ju

0 t
Va(t) = / / xT ()01 x(s)dsd0
—hy Jt+6

_hl

t
+ / xT(5)Qa2x(s)dsd6
—hy t+0

0 t
+ f / xT()03x(s)dsd6
—hy Jt+6

where P;, Q1i, Q2i, Q3i, i = 1,2, -+, N, Q1, Q2, 03, Z; and
Z, are matrices with proper dimensions, which are positive
definite, let Y be the weak infinitesimal generator of the
stochastic process x;, t > 0. Then, for each r(¢t) = i,i € S,
the following equation is shown:

LVi(xr, 1, ) = 2xT ())Pi(Aix(t) + Agix(t — d(1)))

N

+ > i (OPjx(2)

j=1

LVy(x;, t, i) = xT ()Q1ix(1)

—xT(t = h)Qux(t — hy)
+xT(t = h)Qaix(t — )
—xT(t — hp)Q3ix(t — hy)
+xT () 03ix(1)
— (1 —d@®)x"(t — d(t)Qux(t — d(1))

. N
+/ \ xT(s)(Z,uilej)x(S)dS
r—hy i=1

Jj=

—d(t)

t—hy N
+ / (O wijQapx(s)ds
t =1

t N
4 / AT @0 myQyx(sds
t—hy j=1
i 7
LVAGx, 1) = “HApx(n) + Agextt — d0) 2
X (Apx(0) + At — (1))
(h3 — h})*

+ T A () + Agix(t — d(n))’

X Zo(Aix(t) + Agix(t — d(1)))
h2 t t

-1 / / i1 ()Z1x(s)dsdo
2 t—hy Js

h2 _ hZ t—hy t
-2 1 f / 1L (5)Zox(5)dsd®
2 t—hy

LVy(x;, 1, 1) = lxT () 01x(t)
+ (ha — h)xT (1) Qax (1)
+ hoxT (1) Q3x(1)

t
— / xL ()01 x(s)ds
t—hy

t—hy
— / xT(s)sz(s)ds
t

—hy
t
- f xT(5)03x(s)ds
t—hy

Using Lemma 1,we have

h2 t t
-1 / / T ()Z1x(s)dsdo
2 t—hy Js

FOq; 0 A 0 0
* ®»; 0 0 0
* * ®3; 0 0
* * x  —03 0
* * * * —3Z

%=

* * * * *
* * * * *
* * * * *
* * * * *
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37, 0 0 37, 7
0 0 0 0
0 0 0 0
0 0 0 0
6
—Z7 0 0 0
g ©)
182 0 0 0
]
hl
* 37 37 6 Z
2 2 h2 — h] 2
* * 37 6 Z
) 2
18 Z
* * * — >
(hy — h1)*
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t
> lx(t) — / (s)ds)T Z1 [ x(0)
t—hy

t t
— / x(s)ds] + 2[——x(t) — / x(s)ds
t

—h
/ / x(u)duds|” Z, [——lx(t)
t—hy

—/ x(v)ds—l——/ / x(u)duds]
t—hy

On the other hand,
]’l2 _ h2 t—hy t
2 1 / / T (9)Zox(s)dsd6
2 t—hy s
t—hy
> [(hy — h)x(t) — / x(s)ds1" Z,
t—hy
t—hy
[(ha — h)x(o) — / x(s)ds]
t—hy
hy — h t—hy
12 1x(r)—/ x(s)ds
t—hy

3 t—hy t T
+ / / x(u)duds)” Z
h2 - hl t—hy Js

h2 t—hy
X [— x(t) — / x(s)ds

h2 —hl./ / x(u)duds]
hy

t—
— [(h — hy)x(t) — / (5)ds
t—d(t)

t—d(1)
- / . x(8)ds)” Za[(ha — hy)x(t)
t—hy

t—hy t—d(t)
— / x(s)ds — / x(s)ds]
t—d(t) t—hy

_ t—h
hlx(t) - / 1 x(s)ds
1

Li(t)
t—d(t)
- / x(s)ds +
t

h
+2[—=

/ / x(w)duds)” Z,
—hy

h —h t—d(t)
X [— 2 1x(t) —/ x(s)ds —/ x(s)ds
t—d(t) t—hy

2
3 t—hy t
+ / / x(u)duds]
hy —hy Ji—p, Js

Using this and combing, we have

LV (xs,t,10)
= LVi(x, t,0) + LVo(xy, t,0) + LV3(xs, £, 0)
+LVa(xs, 8, 1)
< 2T (OPiAx (1) + Agix(t — d(1)))
N

+ D " OP () + x" (1) Q1ix(1)
j=1
—xT(t — h)Quix(t — hy) +x7(t — h)Qaix(t — hy)
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—xT(t — ) Q3ix(t — o) + xT (1)Q3ix (1)
—(1 —d@)x" (t — d(1)Qux(t — d(1))
h4
+ f(Alx(r) + Agix(t — d) 2,
X (A x(t) + Agix(t — d(1)))
2 2
( —2 1 1) 2 (Apx(t) + Agix(t — d(0)) Z»
X (Aix(1) + Agix(t — d(1)))

t t
— [hix(r) — / x(s)ds]T Zi[hx(t) — / x(s)ds]
t—hy t—h

hl t 3 1 t
—2[——x(t)—f x(s)ds—i——/ / x(u)duds]Tzl
2 t—hy hi Ji—n Js

hl t 3 t t
X [——x(t) — / x(s)ds + — f / x(u)duds)
2 t—hy hl t—hy Js

t—hy t—d(1)
—[(hy — h)x(t) — / x(s)ds — / x(s)ds1' Z»
t

t—d(1) —hy

t—hy t—d(t)
X [(hy — h)x(t) — / x(s)ds — / x(8)ds]
t

t—d(1) —hy

hl t—hy t—d(t)
x(1) —/ x(s)ds —/ x(s)ds
t—d(t) t—hy

hz—h1/ / x(u)duds] 7>

hz t—d(t)
X [— x(t)—/ x(s)ds—f x(s)ds
t—d(t) t

—hy

h
—2[- 2

+ / f x(u)duds] + hixT (£)Q1x(t)
h —
+ (hy — h1)xT(t)Q2x(t) + hox™ (1)Q3x(1)
Then we can get
TV(x, t, ) < ' ()Tt

where n(t) = [xT@t) xT@t —h) xT(@t —d@) xT@ —
) [l xeds  [L, [ xGduds  [75L x(s)ds
lt 40 2 (5)ds tt i f x(u)duds]T

We can get the above inequalities are equivalent to
YV(x,t,i) < 0. After that, we use Definition 1, the stochas-
tic stability is established.

Remark 1: It can be seen from the derivation results of
previous papers that their results are conservative because
conservative scaling methods have been used in their deriva-
tion. Such as model transformation in delay system, Jensen’s
inequality method, and free weighting matrix method. In [24],
we can see that dealing with f; hxT($)Z1x(s)ds and
flt "(hy — h)xT (5)Zyx(s)ds in LKF by Jensen’s inequality
method can make the result more conservative. In this paper,
we use a new V3(¢) in LKF to proof the Theorem 1, which
is diffierent from [24], and the improved Wirtinger-based
integral inequality is used to handle V3(#). These methods will
bring lower conservatism. Therefore, it is more reasonable to
study the comprehensive problem of MJSs with time-varying
delay.
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When p (time derivative of delay) is unknown, by modify-
ing, we can deduce Corollary 1 from Theorem 1.

Corollary I: For any delay d(t), given arbitrary constant /;
and hy, if there exist n x n matrices G; > 0, Fj; > 0, F3; >
0,F, > 0,F3 > 0,D; > 0and D, > 0, the MJSs (1) is
stochastically stable which the following LMIs keep for any
i=1,---,N:

/
£ <0 )
N
ZM[/’FU < Fy (8)
N
ZMijF3j < F3 9

and (10), shown at the bottom of the next page, with

®Z = GiA; + F1; + oF3 + F3; + (GiA)T + hiFy

N h2
— WD+ ) uyGj - 311)1
=1
(hy — h1)?
— (hy — h1)*Da — TDz
4 ( 2)2
+AI( 1D + DA,
®é = —Fy;
h4 (h2 _ h2)2
Of = A1+ =Dy

When h; = 0, we can get Corollary 2 from Theorem 1.

Corollary 2: For any delay d(t), given arbitrary constant s
and p, if there exist n x n matrices G; > 0, Fp; > 0, F3; >
0,F > 0, F3 > 0and D, > 0, the MJSs (1) is stochastically
stable which the following LMIs keep forany i =1, - - -, N:

<0 (11
N
> wiFa < F (12)
N
> wiFy < F3 (13)
where
. Al 0 0 3D,
x 0} 0 0 0
2? — | = * —F3; 0 60 (14)
* * * —3D; —Dy
hy
* * * * 18D
i B
with

®§i = GiAi + (GiA)T + Fai + F3i + hoF»
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FIGURE 1. (a) Time response of x; (), x5 (t). (b) Time response of r(t).

h2
+ hyF3 — h%DQ — EZDZ
K4 al
+A,-T(ZzDz)Ai + Z wijG;
j=1

4

§ _ A r, M3 )

Aj; = GiAgi +A; (ZDZ)Adz
4

§ r
03, = (u— D)Fy; +Adi(ZD2)Adi

IV. NUMBERICAL EXAMPLES
In this part, three examples have been given to show the
effectiveness of our method.

When the time delay are time-invariant, in order to show
the Theorem 1 have lower conservatism in MJSs with time
delay, we provide the following example.

Example 1: Let us choose a MJSs in (1) with two modes
and the matrix parameters [18]:

33059
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TABLE 1. Different results to upper bound allowed h, for example 1.

By[17] By[18] By[19] By[20] By[24] By Theorem 1
ho 0.84 1.23 0.40 0.73 1.33 1.87
_ 0.5 -0.2 TABLE 2. Different results to upper bound allowed h, for example 2.
Aql =
0.2 0.3
03 0.5 =06 p=08 pu=16
A = 0.4 —05 ho by Theorem 1 of [22] 0.4428 03795  0.3469
ho by Theorem 2 of [22] 0.4492 0.4341 0.4314
with transition rates matrix ho by [21] 0.4927 04261  0.3860
7 7 ho by Theorem 1 of [24] 0.5159 0.4814 04789
E= [ 3 _3:| ho by Theorem 1 of this paper 0.5342  0.5147  0.5029
We now use Theorem 1 to system (1) by chooseing © = 0
and 7y = 0. Then we choose LMIs (6) to get our results. with transition rates matrix
In addition, the upper bound /; represents the time-varying
delay, which obtained for values of © and /j(see Table 1). B = [_0'1 0.1 :|
It is clear that our results are better conserved than those 0.8 —0.8

in [17]-[20] and [24].

When the time delays are time-variant, in order to show
the Theorem 1 have lower conservatism, we consider the
following example.

Example 2: We now use a MJSs in (1) with two modes and
the matrix parameters [21]:

We also use Theorem 1 to system (1) by chooseing h; = 0.
Then we choose LMIs (6) to get our results. In addition,
the upper bound A, represents the time delay,which obtained
for different values of u. The comparison results are given
in Table 2, which indicates that Theorem 1 is better than those
in [21], [22], and [24]. This means that our results have less

(34888  0.8057 ] conservative, and are more suitable for solving related convex
A = _0.6451 —3.2684 optimization problems.
:_2. 4398 0.2895 2 When the lower bound /h; i.s biger than zero, the next
Ay = 13396 —0.0211 example shows that Theorem 1 is less conserved.
L ’ - Example 3: We also use Theorem 1 to a MJSs in (1)
Ayl = —0.8620  —1.2919 by chooseing u = 0,h; = 0.5,andp;; = —7, and the
| —0.6841  —2.0729 | MIJSs parameters are given as in Exmple 1. Then we choose
A — [ —2.8306  0.4978 T LMIs (6) to get our results. In addition, the upper bound Ay
a2 = | —0.8436  —1.0115 | represents the time delay, which obtained for different values
(0L 0 Ay 0 0 3D, 0 0 3D, |
« ©L 0 0 0 0 0 0 0
« % OL 0 0 0 0 0 0
% * * —F3; 0 0 0 0 0
6
* * * * —3D; —D 0 0 0
%= hy (10)
18
* * * * * —D 0 0 0
h2
1
3D 3D 6 D
* * * * * * — —
2 2 -
3D 6
* * * * * * * -
2 - 2
18
* * * * * * * * ——2D2
L (hy —h1)= "~

33060
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TABLE 3. Different results to upper bound allowed h, for example 3.

p=—-1 p=-2 p=-3

hs by [23] 0.6898  1.1077  1.2455

ho by Theorem 1 of [24] 0.6976 1.1384 1.5091
ho by Theorem 1 of this paper  0.9324  1.2508 1.7531

of w2y (see Table 3). It can be seen through comparison that
our results are less conservative than those in [23] and [24]
when h; > 0.

V. CONCLUSIONS

In this paper, we have been used a new LKF and an
improved Wirtinger-based double integral inequality for
MJSs with interval time-varying-delays, which are shown in
LMIs. Using a new inequality approximation method, our
results have lower conservativeness than published papers
with Jensen’s inequality method. At the end of the article,
three examples have been given to show the effectiveness of
our method.

In the next study, we will discuss MJSs of the filter design
and controller design, and consider the system design in the
finite frequency domain.

ACKNOWLEDGMENT

The authors are very indebted to the Editor and the anony-
mous reviewers for their insightful comments and valuable
suggestions that have helped improve the academic research.

REFERENCES

[1] Y. Ji and H. J. Chizeck, “Controllability, stabilizability, and continuous-
time Markovian jump linear quadratic control,” IEEE Trans. Autom.
Control, vol. 35, no. 7, pp. 777-788, Jul. 1990.

[2] O.L. V. Costa and E.-K. Boukas, “Necessary and sufficient condition for
robust stability and stabilizability of continuous-time linear systems with
Markovian jumps,” J. Optim. Theory Appl., vol. 99, no. 2, pp. 359-379,
1998.

[3] C. E. de Souza and M. D. Fragoso, ““Hso-control for linear systems with
Markovian jumping parameters,” Control Theory Adv. Technol., vol. 9,
no. 2, pp. 457-466, 1993.

[4] D.P.de Farias, J. C. Geromel, J. B. R. do Val, and O. L. V. Costa, “Output
feedback control of Markov jump linear systems in continuous-time,”
IEEE Trans. Autom. Control, vol. 45, no. 5, pp. 944-949, May 2000.

[5] P. Shi, Y. Xia, G. P. Liu, and D. Rees, “On designing of sliding-mode
control for stochastic jump systems,”” IEEE Trans. Autom. Control, vol. 51,
no. 1, pp. 97-103, Jan. 2006.

[6] Y. Niu, D. W. C. Ho, and X. Wang, ““Sliding mode control for It6 stochas-
tic systems with Markovian switching,” Automatica, vol. 43, no. 10,
pp. 1784-1790, 2007.

[7]1 E. K. Boukas, “On stability and stabilisation of continuous-time singular
Markovian switching systems,” IET Control Theory Appl., vol. 2, no. 10,
pp. 884-894, 2008.

[8] Y. Xia, J. Zhang, and E.-K. Boukas, “Control for discrete singular hybrid
systems,” Automatica, vol. 44, no. 10, pp. 2635-2641, 2008.

[9] Y. Xia, E.-K. Boukas, P. Shi, and J. Zhang, “Stability and stabilization
of continuous-time singular hybrid systems,” Automatica, vol. 45, no. 6,
pp- 1504-1509,2009.

[10] Q.Zhu and J. Cao, “Stability analysis of Markovian jump stochastic BAM
neural networks with impulse control and mixed time delays,” IEEE Trans.
Neural Netw. Learn. Syst., vol. 23, no. 3, pp. 467-479, Mar. 2012.

[11] H. Sun, L. Yan, and L. Li, “Linear-quadratic stochastic differential games
with Markov jumps and multiplicative noise: Infinite-time case,” Int.
J. Innov. Comput. Inf. Control, vol. 11, no. 1, pp. 349-361, 2015.

VOLUME 6, 2018

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

H. Huang, F. Long, and C. Li, *“Stabilization for a class of Markovian jump
linear systems with linear fractional uncertainties,” Int. J. Innov. Comput.,
Inf. Control, vol. 11, no. 1, pp. 295-307, Feb. 2015.

Z.-G. Wu, P. Shi, H. Su, and J. Chu, “Stochastic synchronization of
Markovian jump neural networks with time-varying delay using sampled
data,” IEEE Trans. Cybern., vol. 43, no. 6, pp. 1796-1806, Dec. 2013.

A. Seuret and F. Gouaisbaut, “Wirtinger-based integral inequality: Appli-
cation to time-delay systems,” Automatica, vol. 49, no. 9, pp. 2860-2866,
Sep. 2013.

M. Park, O. Kwon, J. H. Park, S. Lee, and E. Cha, “Stability of time-
delay systems via Wirtinger-based double integral inequality,” Automatica,
vol. 55, pp. 204-208, May 2015.

Q. Yang, Q. Ren, and X. Xie, “New delay dependent stability criteria for
recurrent neural networks with interval time-varying delay,” ISA Trans.,
vol. 53, no. 4, pp. 994-999, 2014.

E. K. Boukas, Z. K. Liu, and P. Shi, “Delay-dependent stability and
output feedback stabilisation of Markov jump system with time-delay,”
IEE Proc.-Control Theory Appl., vol. 149, no. 5, pp. 379-386, Sep. 2002.
Y.-Y. Cao, L.-S. Hu, and A. K. Xue, “A new delay-dependent stability
condition and Hy, control for jump time-delay system,” in Proc. Amer.
Control Conf., Boston, MA, USA, vol. 5, Jun./Jul. 2004, pp. 4183-4188.
Y.-Y. Cao, J. Lam, and L. S. Hu, “Delay-dependent stochastic stability and
H analysis for time-delay systems with Markovian jumping parameters,”
J. Franklin Inst., vol. 340, nos. 67, pp. 423-434, 2003.

J. Wu, T. Chen, and L. Wang, “‘Delay-dependent robust stability and Hu,
control for jump linear systems with delays,” Syst. Control Lett., vol. 55,
no. 11, pp. 939-948, 2006.

S. Xu, J. Lam, and X. Mao, “Delay-dependent Hy, control and filtering
for uncertain Markovian jump systems with time-varying delays,” IEEE
Trans. Circuits Syst. I, Reg. Paper, vol. 54,n0. 9, pp. 2070-2077, Sep. 2007.
J. Wang and Y. Luo, “Further improvement of delay-dependent stability for
Markov jump systems with time-varying delay,” in Proc. 7th World Congr.
Intell. Control Automat., Chongging, China, Jun. 2008, pp. 6319-6324.
H. Guan and L. Gao, “Delay-dependent robust stability and H, control
for jump linear systems with interval time-varying delay,” in Proc. 26th
Chin. Control Conf., Zhangjiajie, China, Jul. 2007, pp. 609-614.

X. Zhao and Q. Zeng, “‘Delay-dependent stability analysis for Markovian
jump systems with interval time-varying-delay,” Int. J. Autom. Comput.,
vol. 7, no. 2, pp. 224-229, 2010.

R. Sara, M. S. Ali, C. K. Ahn, H. R. Karimi, and P. Shi, *Stability of Marko-
vian jump generalized neural networks with interval time-varying delays,”
IEEE Trans. Neural Netw. Learn. Syst., vol. 28, no. 8, pp. 1840-1850,
Aug. 2017.

L. Sun and J. Wu, “Schedule and control co-design for networked con-
trol systems with bandwidth constraints,” J. Franklin Inst., vol. 351,
pp. 1042-1056, Feb. 2014.

NUO XU was born in Yangquan, China, in 1994.
He received the bachelor’s degree in computer
science and software from Tianjin Polytechnic
University, Tianjin, China, in 2017, where he is
currently pursuing the master’s degree in computer
technology. His current research interests include
time-varying systems, Markovian jump system,
and stability analysis.

LIANKUN SUN was born in Tianjin, China,
in 1979. He received the M.S. degree in control
theory and control engineering from Tianjin Poly-
technic University, Tianjin, in 2005, and the Ph.D.
degree in control theory and control engineering
from Tianjin University, Tianjin, in 2009. In 2009,
he joined Tianjin Polytechnic University, where
he is currently an Associate Professor. His current
research interests include analysis and synthesis
of networked control systems Petri net theory and
application.

33061



	INTRODUCTION
	SYSTEM DESCRIPTION AND PROBLEM ANALYSIS
	MAIN RESULTS
	NUMBERICAL EXAMPLES
	CONCLUSIONS
	REFERENCES
	Biographies
	NUO XU
	LIANKUN SUN


