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Abstract

In this paper, the global asymptotic stability for a class of differential inclusion systems with discrete and distributed
time delays is investigated. Some delay-dependent criteria are proposed to guarantee the global asymptotic stability of
the systems. Finally, a numerical example is provided to illustrate the use of the main results.
� 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Recently, much effort has focused on the stability criteria and control design of differential inclusion systems; see, for
example, [1–6] and the references therein. Generally speaking, any dynamic systems can be represented as the differen-
tial inclusion equations when the uncertainties exist in such dynamic systems. On the other hand, any physical system
inherently owns, more or less, some time-delay phenomena because the energy’s propagation of the dynamic system is
with a finite speed; see, for example, [5,7–19]. Frequently, the delay in many systems is a source of instability and a
source of the generation of oscillation. Such systems exist in various fields of application, such as economics, biology,
physicals, engineering, and medicine. For physical and engineering systems, these include flip–flop circuits, communi-
cations systems, nuclear reactors, rocket engines, the ship stabilization, the manual control, the microwave oscillator,
transistor design, and chemical engineering systems. Therefore the robust stability of differential inclusion time-delay
systems is due not only to theoretical interests but also to an effective tool for the robust stability analysis and control
design. The reasoning of the stability criterion for differential inclusion time-delay systems is in general not as easy as
that without time delays. The stability criteria for differential inclusion time-delay systems can be classified into two
categories, namely delay-dependent criteria and delay-independent criteria. Generally speaking, the latter ones are more
conservative than the former ones, since the latter ones must work for any delay. It is the purpose of this paper to inves-
tigate the delay-dependent criteria for the global asymptotic stability of differential inclusion time-delay systems. In this
paper, based on the frequency-domain approach, some delay-dependent criteria are proposed to guarantee the global
asymptotic stability for a class of differential inclusion systems with discrete and distributed time delays.

0960-0779/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.chaos.2007.07.002

* Tel.: +886 7 6577711x6626; fax: +886 7 6577205.
E-mail address: yjsun@isu.edu.tw

Chaos, Solitons and Fractals 39 (2009) 2386–2391

www.elsevier.com/locate/chaos

mailto:yjsun@isu.edu.tw


This paper is organized as follows. In Section 2, some delay-dependent criteria are proposed to guarantee the global
asymptotic stability for a class of differential inclusion systems with discrete and distributed time delays. An example is
given in Section 3 to illustrate the main results. Section 4 presents the conclusions.

2. Problem formulation and main results

Before presenting the problem formulation, let us introduce some lemmas which will be used in the proofs of the
main theorems.

Lemma 1 [20]. If the matrices A and B 2 Rn�m satisfy jAj 6 B, then kAk 6 kBk.

Lemma 2 [21]. Let A 2 Rn�n, then we have rðAÞ 6 kAk.

Lemma 3. If the matrix A 2 Rn�n satisfies kAk < 1, then det½I � A�–0.

Proof 1. By Lemma 2, it can be obtained that rðAÞ 6 kAk < 1, which implies that 1 R fkiðAÞji 2 ng. Thus, it can be
deduced that det½I � A�–0. This completes the proof. h

Lemma 4 [22]. Suppose that f(z) is a nonconstant analytic function on any region R. Then f(z) cannot attain its maximum

modulus at an interior point of R.

In this section, we consider the following differential inclusion systems with discrete and distributed time
delays

_xðtÞ 2 AI ;0xðtÞ þ
Xq

i¼1

AI ;ixðt � hiÞ þ
Xq

i¼1

Z t�ci

t�di

BI ;ixðsÞds; ð1aÞ

xðtÞ ¼ uðtÞ; t 2 ½�H ; 0�; ð1bÞ

where x 2 Rn is the state vector, h0is, c0is, and d 0is are constant delays with 0 6 ci 6 di, 8i 2 q, H :¼ maxfhi; ci; diji 2 qg,
uðtÞ is a given continuous vector-valued initial function, and

Nomenclature

Rn the n-dimensional real space
Rm�n the set of all real m by n matrices
jaj the modulus of a complex number a

I the unit matrix
A�1 the inverse of the matrix A

kxk the Euclidean norm of the vector x 2 Rn

kAk the induced Euclidean norm (or spectral norm) of the matrix A

rðAÞ the spectral radius of the matrix A

detðAÞ the determinant of the matrix A

kiðAÞ the ith eigenvalue of the matrix A

Re½s� the real part of the complex number s

jAj ½jarsj� with A ¼ ½ars�
A 6 B iff ars 6 brs for all r; s0, with A ¼ ½ars� and B ¼ ½brs�
rmaxðAÞ the maximum singular value of A

kHðsÞk1 sup
w

rmax½HðjwÞ�

q f1; 2; � � � ; qg
�q f0; 1; 2; � � � ; pg
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