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Delay-dependent Asymptotical Stability for Neutral System
with Time-varying Delays
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Abstract This paper concerns delay-dependent asymptotical stability for neutral systems with time-varying delays. Some new
delay-dependent stability criteria are derived by taking a new Lyapunov-Krasovskii functional LKF and free weighting matri-
ces. The relationship between the cross terms is derived in the Leibniz-Newton formula. Neither model transformation nor
bounding technique for cross terms has been given to derive the criteria. The proposed stability criteria are given in terms of
strict linear matrix inequality LMI and it is accordingly easy to check the robust stability of the considered systems. Numer-
ical example cited in the final part of this paper demonstrates that the proposed criteria are effective and are an improvement
over the previous papers .

Key words asymptotical stability linear matrix inequality Lyapunov-Krasovskii functional

0231.1 A 1672-6693 2011 02-0048-04

1 Introduction

During the last decades considerable attention has been devoted to the problem of stability analysis for time-

"% . The existing stability results for time delay systems can be classified into two

delay systems or neural systems
types according to their dependence on the information about the size of delays namely delay-independent stability
and delay-dependent stability. The delay-independent stability is independent of the size of delays and delay-de-
pendent stability is concerned with the size of delays. In general for small delays delay-independent criteria are
likely to be conservative. Various different techniques have been proposed to derive the delay-dependent criteria
for example model transformation and decomposition techniques >°  Razumikhin theorem >  and using free
weighting matrices * . Recently for a class of neutral systems with interval time-varying delays the stability and ro-
bust stability analysis have been discussed in ref ' .

In this paper a new delay-dependent robust stability criterion has been proposed for a class of uncertain sys-
tems with time-varying delay. By employing some free-weighing matrices sufficient conditions are given in the form
of linear matrix inequalities LMIs such that time delay system is robustly asymptotically stabile. Numerical exam-
ples are provided to demonstrate the effectiveness and applicability of the proposed method.

Through this paper the superscripts’ T” stand for the transpose of a matrix and the inverse of a matrix R"
denotes n-dimensional Euclidean space R"*"denotes the set of all real matrices with m rows and n columns P >

0 means that P is positive definite [ is the identity matrix of appropriate dimension #* denotes the matrix entries

implied by symmetry.
2 Problem formulation and preliminaries

Consider the uncertain neutral system with time delays described by
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[xt—Cxt—Tt =Ax t +Ax t-dt 1
xt =¢ 0 6 -maxdrt 0 eR
where x ¢t e R" is the state vector the discrete time delay d ¢ and the neutral time delay satisfy
0<dt <ddt <d" <10<7t <771t <7° <1 2
A A, B and C are constant matrices of appropriate dimensions.
In order to simplify the treatment of the problem 3 € -7 0 R" —R"is defined to be
Ix, =xt -Cxt—-71t 3

The necessary condition for the stability of the system 1 is that the operator ¥ is stable. The stability of the
operator 3 is defined as follows.
Definition 1 °  The operator 3 is said to be stable if the zero solution of the homogeneous difference equa-

tionJ x, =0t=0x,=¢p e pecC -70 Iy =0 is uniformly asymptotically stable.
3 Stability analysis

In this section a sufficient condition for the asymptotical stability of neutral system with uncertainties 2 is
derived in the form of strict linear matrix inequalities.

Theorem 1 For givend >0 d* >0 7 >0andr* >0 the nominal system of 1 is asymptotically stable
if the operator ¥ is stable and there exist positive-definite symmetric matrices P @, Q, S, S,and M, i =1 2 3
4 of appropriate dimensions such that

[ﬂn \le 013 014|:|

02 —dM W' dQ, + S, O O
* A (D A,
Ox —dQ 0 con=10 U 4
0 2 0 [ * 0
* * - dQ, + S, U 0

O« % = 0,0
where 2, = Q, +S, +PA+A'"P+ M, + M| 0, =M, Q, =M; +PC 0, =M, —M, +PA, 2, =— 1-7" §
0, =-M, 0y =— 1 -d* S, 0, =-M, 0, =— 1 -d* Q, -M, —=M, and M" M, M, M M
W'=40 C A"
Proof. Considering 1  we define the functional
Va =V x +V,x«

. + Vo 5

' '

(U
where V, x, ="t Pxt V, x, :j szlesds+ffszQza'csdsdGIGx, :J x' s Sxos ds +
t—d t -d -7t

1+6
oo
f % s Sx s ds
-7t

Differentiating V' x, with respect to ¢t we have

Vi=2x"t Pit =2¢' t PCit-7t +Axt +Axt—dt

V,=x"t Quxt — 1-dit x t-dt Quxit—-dit +di' t Q¢ —f;x"'sozxsds

t1—d

V=o't Sxt — 1-7¢t 2 t-7¢ Sxt-7t +x tSat — l-7t& t—-7tS8%t-7t1
(o= 2t X t-Tt -1t ' t-dt "
l
Furthermore we add the following zero equations o = 2" t M x t —-x t—d t - f LA ds =0
l—d x

where M' = M} M, M, M, .

Hence we have V<t Xt —J{szszsds—ZthMf s ds <

-d x
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ISR —f s Qs ds —27" 1 Mj

1-d 1 t—d 1

[5011 -(212 '{213 -(214[]

O O

* () 0
where . = Q+ W' dQ, +S, W and = U 2 “Ow" = 4 0 ¢ Ay Dy =0+ S, +
0+ * Ay 034D

x I

_dM][iz Jas

1
s ds <
dzﬁ -do,

WA

—-d

U H

L % ® x 0, U
PA+ATP+M1+M1T.()12=M; _(213=M§+PCQI4=MI—M1+PA[1.(222:— 1-7" 5 0, =-M,
Oy == 1-d" S, 0y =-M; O, =- 1 -4’ QI_M4_MI'

Z -dM .
] < 0 and then V<0 holds. Therefore nomi-
%

Using Schur complement 4 holds guarantees [

nal system of 1 is asymptotically stable.

Remark 1 From the proof process of Theorem 1 one can clearly see that neither model transformation nor

bounding technique for cross terms is involved. Therefore the stability criteria are expected to be less conservative.
Remark 2 When € =0 similar to the proof of Theorem 1 we have

n? -dM dW'Q, [

0, 0
D% -d0, 0 g<00=[ ! ‘2] 6
0 0 * (D,
* * —sz
where (2, = Q, +PA+A"P+M, +M] Q, =M, -M, +PA, 2, =— 1-d *Q,-M,-Myand M"' = M| M,

W= A A, "
Remark 3 It should be noted that the conditions 4 and 6 are given as strict linear matrix inequalities

LMIs which can be easily solved by using the Matlab LMI toolbox.

4 Numerical example

In this section an example is provided to demonstrate the effectiveness and the less conservation of the pro-
posed design algorithm.

Example Consider the nominal neutral system 1 with

. -0.9 0 -1.1 -0.2 -0.2 0 1.
Xt = ]xt+[ ]xt—T +[ X t-7
0.1 -0.9 -0.1 -1.1 0.2 -0.1
Tab.1 Allowable upper bound of d According to Theorem 1 the upper bound on
method 10 9 11 12 Theorem 1 the time delay to guarantee the system which is as-
d 1.371 8 1.784 4 1.785 6 1.826 6 1.904 2

ymptotically stable is listed in Tab. 1.

5 Conclusions

A new delay-dependent asymptotical stability condition for neutral systems is considered in this paper. Suffi-
cient conditions are given in terms of strict linear matrix inequalities. Numerical example is given to illustrate the
advantages of the theoretic results obtained and show that our results are much less conservative than some existing

results in the literature.
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