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a b s t r a c t

This paper deals with the robust stability of a class of uncertain impulsive control systems with infinite
delays. By employing the formula for the variation of parameters and estimating the Cauchy matrix,
several criteria on robust exponential stability of the systems are derived, these criteria are less
restrictive than those in the earlier publications. Moreover, the criteria can be applied to stabilize the
unstable continuous systems with infinite delays and uncertainties by utilizing impulsive control. Finally,
two numerical examples are given to illustrate the effectiveness and advantages of the proposed method.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

Recently, impulsive control has attracted great interest of many
researchers [1–6]. Such control systems arise naturally in a wide
variety of applications, such as dosage supply in pharmacokinetics
[1], orbital transfer of satellite [2,3], ecosystems management [4,5]
and control of saving rates in a financial market [6]. Moreover,
time delays and uncertainties [7–11] occur frequently in engi-
neering, biological and economical systems, and sometimes they
depend on the histories heavily and result in oscillation and
instability of systems [8,12]. [14–22] are the cases of finite delays.
Yang and Xu presented several interesting criteria on robust sta-
bility for uncertain impulsive control systems with time-varying
delays [16]. Liu established several criteria on asymptotic stability
for impulsive control systems with time delays [18]. [23–25] are
the cases of infinite delays. However, the corresponding theory for
impulsive control systems with infinite delays has been relatively
less developed. In fact, an infinite delays deserve study intensively
because they are not only an extension of finite delays but also
describing the adequate mathematical models in many fields [17].

Therefore, it is necessary to further investigate the stability of
uncertain impulsive control systems with infinite delays. Mean-
while, it is challenging to address the issue since we must utilize
impulsive effects to handle the instability which may be caused by
the infinite delays and uncertainties. Hence, techniques and
methods for uncertain impulsive control systems with infinite
delays should be further developed and explored.

This paper is inspired by [16]. In this paper, we present some
criteria for the robust exponential stability of uncertain impulsive
control systems with infinite delays by using the formula for the
variation of parameters and estimating the Cauchy matrix. More
importantly, the robust stability criteria do not require the stability
of the corresponding continuous systems and so it can be more
widely applied to stabilize the unstable continuous systems with
infinite delays and uncertainties by using impulsive control.
Finally, two examples are given to show the effectiveness and
advantages of the obtained results.

2. Preliminaries

Let N¼ 1;2;⋯, I be the identity matrix, λminð�Þ and λmaxð�Þ be the
smallest and the largest eigenvalues of a symmetrical matrix,
respectively. For ϕ : R-Rn, denote ϕðtþ Þ ¼ lim

s-0þ
ϕðtþsÞ;ϕðt� Þ
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¼ lim
s-0�ϕðtþsÞ. For xARn and AARn�n, let JxJ be any vector norm,

JϕJα ¼ sup
sr0

JϕðsÞJ and denote the induced matrix norm and the

matrix measure, respectively, by

JAJ ¼ sup
xa0

JAxJ
JxJ

; μðAÞ ¼ lim
h-0þ

J IþhAJ�1
h

:

The usual norms and measures of vectors and matrices are:

JxJ1 ¼
Xn
j ¼ 1

jxj j ; JAJ1 ¼ max
1r jrn

Xn
i ¼ 1

jaij j ;

μ1ðAÞ ¼ max
1r jrn

ajjþ
Xn
ia j

jaij j
8<
:

9=
;;

JxJ2 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiXn
j ¼ 1

x2j

vuut ; JAJ2 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λmaxðATAÞ

q
;

μ2ðAÞ ¼
1
2
λmaxðAþAT Þ;

JxJ1 ¼ max
1r irn

jxi j ; JAJ1 ¼ max
1r irn

Xn
j ¼ 1

jaij j ;

μ1ðAÞ ¼ max
1r irn

aiiþ
Xn
ja i

jaij j
8<
:

9=
;:

Consider the uncertain infinite delays differential system:

_xðtÞ ¼ ½AþΔA�xðtÞþ½BþΔB�xðt�rðtÞÞþ½CþΔC� R þ1
0 hðsÞxðt�sÞ ds; tatk;

yðtÞ ¼ ExðtÞ; tZ0;

(

ð1Þ
in which xARn is the state variable, yARm is the output variable,
rðtÞ is the time-varying delay function with 0rrðtÞrτ; τ is a given
positive constant, A;B;CARn�n and EARm�n are known constant
matrices, ΔA;ΔB and ΔC are the uncertain matrices, which vary
within the range of

JΔAJra; JΔBJrb; JΔC Jrc; ð2Þ
where a; b; c are known non-negative constant, hðsÞACðRþ ;RÞ
satisfying

R þ1
0 jhðsÞj eηs dso1, where η40 is a given constant.

An impulsive control law of (1) can be presented in form of the
following control sequence ftk;Uðk; xðt�k ÞÞg (see [6,18]):

0rt0ot1o⋯otko⋯; lim
k-þ1

tk ¼ þ1;

ΔxðtkÞ ¼ xðtþk Þ�xðt�k Þ ¼Uðk; xðt�k ÞÞ; kAN:

Let Uðk; xÞ ¼ Bky;BkARn�m and Ck ¼ BkE. Then we obtain the
uncertain impulsive control system with infinite delays as follows:

_xðtÞ ¼ ½AþΔA�xðtÞþ½BþΔB�xðt�rðtÞÞþ½CþΔC� R þ1
0 hðsÞxðt�sÞ ds; tatk;

ΔxðtkÞ ¼ xðtþk Þ�xðt�k Þ ¼ Ckxðt�k Þ; kAN;

xðtÞ ¼ϕðtÞ; tr0;

8><
>:

ð3Þ
where ϕ : ð�1;0�-Rn is continuous. In particular, if hðsÞ ¼ 0, then
system (3) becomes the impulsive control system with finite
delays given in [16]:

_xðtÞ ¼ ½AþΔA�xðtÞþ½BþΔB�xðt�rðtÞÞ; tatk;

ΔxðtkÞ ¼ xðtþk Þ�xðt�k Þ ¼ Ckxðt�k Þ; kAN;

xðtÞ ¼ϕðtÞ; �τrtr0;

8><
>: ð4Þ

where ϕ : ½�τ;0�-Rn is continuous. Also, if ΔA¼ΔB¼ΔC ¼ 0,
then system (3) becomes the deterministic impulsive control
systems with infinite delays:

_xðtÞ ¼ AxðtÞþBxðt�rðtÞÞþC
R þ1
0 hðsÞxðt�sÞ ds; tatk;

ΔxðtkÞ ¼ xðtþk Þ�xðt�k Þ ¼ Ckxðt�k Þ; kAN;

xðtÞ ¼ϕðtÞ; αrtr0:

8><
>: ð5Þ

We always assume that the solution xðtÞ of ð3Þ are right
continuous at t ¼ tk, i.e., xðtkÞ ¼ xðtþk Þ. That is, the solutions are
the piecewise continuous functions with discontinuities of the first
kind only at t ¼ tk; kAN. For more details on the impulsive delay
systems, one can refer to [1,13,17] and references therein.

In order to prove our main results, we need the following
definitions and lemmas:

Definition 2.1 (Lakshmikantham et al. [1]). Assume that xðtÞ ¼ xðt;
t0;ϕÞ to be the solution of (3) through ðt0;ϕÞ. Then the zero
solution of (3) is said to be globally exponentially stable, if for any
initial data xt0 ¼ϕ, there exist two positive numbers λ40;MZ1
such that JxðtÞJrMJϕJαe�λðt� t0Þ; tZt0.

Definition 2.2 (Yang and Xu [16]). The uncertain impulsive
dynamical system (3) is called robustly exponentially stable, if the
zero solution x¼ 0 of the system is globally exponentially stable
for any ΔA;ΔB;ΔC satisfying (2).

The following lemma introduces a norm of vector, a matrix
norm and a matrix measure (we call them P-norm and
P-measure).

Lemma 2.1 (Yang and Xu [16]). Let PARn�n be symmetrical and
positive definite. Then JxJP ¼

ffiffiffiffiffiffiffiffiffiffi
xTPx

p
is a norm of a vector xARn, the

induced norm and measure of matrix AARn�n are, respectively,

JAJP ¼ JDAD�1 J2;μPðAÞ ¼ μ2ðDAD�1Þ;

where DTD¼ P.

Lemma 2.2 (Yang and Xu [16]). Let Wðt; t0Þ be the Cauchy matrix of
the linear systems:

_xðtÞ ¼ AxðtÞ; tatk;

ΔxðtkÞ ¼ xðtþk Þ�xðt�k Þ ¼ Ckxðt�k Þ; kAN:

(
ð6Þ

Given a constant J IþCk Jrγ for all kAN, we have the following:
Case (1) if 0oγo1 and ρ¼ sup

kAN
ftk�tk�1go1, then

JWðt; t0ÞJr
1
γ
e μðAÞþ ln γ

ρ

� �
ðt� t0Þ; tZt0;

Case (2) if γZ1 and θ¼ infkANftk�tk�1g40, then

JWðt; t0ÞJrγe μðAÞþ ln γ
c

� �
ðt� t0Þ; tZt0:

3. Main results

Theorem 3.1. Let ρ¼ supkANftk�tk�1go1. Suppose that there
exists a constant 0oγo1 satisfy J IþCk Jrγ and

aþbþ JBJþðcþ JC J ÞM
γ

þμðAÞþ ln γ
ρ

o0;

whereM¼ R þ1
0 jhðsÞjeηs ds. Then the zero solution of the system (3)

is robustly exponentially stable.

Proof. Since aþbþ JB J þðcþ JC J ÞM
γ þμðAÞþ ln γ

ρ o0; then we choose
small enough λA ð0;ηÞ such that

aþðbþ JBJ Þeλτþðcþ JC J ÞM
γ

þμðAÞþ ln γ
ρ

þλo0:

Furthermore, for any εA ð0; λÞ, we have

0raþðbþ JBJ Þeðλ�εÞτþðcþ JC J ÞM
γ

r�μðAÞ� ln γ
ρ

�ðλ�εÞ: ð7Þ

D. Li, X. Li / Neurocomputing 191 (2016) 12–18 13



Download English Version:

https://daneshyari.com/en/article/405852

Download Persian Version:

https://daneshyari.com/article/405852

Daneshyari.com

https://daneshyari.com/en/article/405852
https://daneshyari.com/article/405852
https://daneshyari.com

