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The problem of robust stability of switched delay systems with average dwell time under
asynchronous switching is investigated. By taking advantage of the average dwell-time method
and an integral inequality, two sufficient conditions are developed to guarantee the global
exponential stability of the considered switched system. Finally, a numerical example is provided
to demonstrate the effectiveness and feasibility of the proposed techniques.

1. Introduction

In recent years, there has been increasing interest in the analysis and switched systems
because of its applications in a variety of areas such as signal processing, signal estimation,
pattern recognition, communications, control application, and many practical control
systems. Switched linear systems comprise a collection of linear subsystems described by
differential or difference equations and a switching law to specify the switching among
these subsystems. A switched system is a combination of discrete and continuous dynamical
systems. All of these systems arise as models for phenomena which cannot be described
by exclusively continuous or exclusively discrete processes. Most recently, on the basis
of Lyapunov functions and other analysis tools, the stability or stabilization for linear or
nonlinear switched systems has been further investigated, and many valuable results have
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been obtained, for a recent survey on this topic and related questions has attracted increasing
attention [1-10]. The average dwell-time is an effective method for the switched systems
which do not exist common Lyapunov function. Time delay commonly exists in engineering.
Because of time delay, the system can become unstable or less capable, it is significant to
study time delay. There are two kinds of stability for switched systems with time delay: time
delay-independent stability and time delay-dependent stability. The time delay-independent
stability is obviously conservative to the bounded time delay or small time delay, many
results are obtained [11-13]. At present, there has been increasing interest in time-delay
switched systems, and many valuable results have been obtained [14-18].

It is worth noting that the aforementioned results are all based on the basic assumption
that the switching instants are simultaneous with those of the system. However, in actual
operation, there inevitably exists asynchronous switching between the controllers and the
practical subsystems, that is to say, the real switching instants of the controller exceed
or lag behind those of the system, which will deteriorate performance of the systems. In
fact, the necessity of taking into consideration the asynchronous switching is shown in
efficient controller design in many mechanical and chemical systems. There are some results
presented on control synthesis under asynchronous switching which have been proposed
[19-28]. However, to the best of our knowledge, the issue of switched delay systems under
asynchronous switching has not fully been investigated, which motivated this study for us.

In this paper, we deal with the problem of robust stability and L,-gain of switched
delay systems under asynchronous switching. In terms of the average dwell-time method
and an integral inequality, two sufficient conditions are developed to guarantee the global
exponential stability of the considered switched system. Finally, a numerical example is
provided to illustrate the effectiveness and feasibility.

Notations. Throughout this paper, R" denotes the n-dimensional Euclidean space and R™"
refers to the set of all n x m real matrices. For real symmetric matrices X and Y, the notation
X 2 Y (resp., X > Y) mean that the matrix X, Y are positive semidefinite, (resp., and positive
definite). I is the identity matrix with appropriate dimensions. * represents the elements
below the main diagonal of a symmetric matrix. The superscripts T and —1 stand for matrix
transposition and matrix inverse, respectively; || - ||c denotes the Euclidean norm. Ay (P)
and Amin(P) denote the maximum and minimum eigenvalues of matrix P, respectively. The
shorthand diag{Mj, ..., M, } denotes a block diagonal matrix with diagonal blocks being the
matrices My, ..., M,. In this paper, if not explicit, matrices are assumed to have compatible
dimensions.

2. Preliminaries
In this paper, we consider the following time-delay system described by
x(t) = Aoy x(t) + Arox(t = T(t)) + Bopyw(t),
z(t) = Cox(t) + Do (t), (2.1)

x(t) =¢(t), te[-7m, 0],

where x(t) € R" is the state of the system, w(t) € R1is the noise signal. Switching signal o(t) is
a piecewise constant function of time f, and we take values in a finite set P = {1,2,...,r}, r >0
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denotes the number of subsystems. o(t) = i € P means the ith subsystem is active, and the
corresponding subsystem matrices are denoted by known constant matrices A;, A, B;, C;,
and D; with appropriate dimensions and 7(t) is the unknown time-varying delay satisfying

T <T(t) <Tm, T()<T, (2.2)

where 7, Tv, and T are constants; A, A;, and C; are known real constant matrices; ¢(t) is a
compatible vector-valued initial function on [-7a, 0].

The switching signal o(t) : R* — P = {1,2,...,r} discussed in this paper is time
dependent, that is, o(t) : {(to, o (to)), (t1,0(t1)), ..., (ts,0(ts))}, where fy is the initial instant.
In this paper, we denote tg represent the Sth switching instant. for convenience, o(t) is used
to denote the practical switching signal which can be written as

o(t) - {(to + Ao, 0(ty)), (t1 + A1, 0(t)),..., (ts + Ag, 0(t)) }, (2.3)

where Ag < infgsiltg1 — ty|, k = 0,1,.... Then there exist a matched period time interval
[ts-1 + Ag_q1) and mismatched period time interval [ty,ty + Ag) because of asynchronous
switching. For simplicity, we assume that Ag >0,<$ =0,1,....

In this paper, we denote A; and A; as follows:

A1 ={x(t) eR" | o(ty) =1, o(tgn) = j, t € [ts + Ag, t541), §=0,1,2,...},
(2.4)
Ay = {x(t) eR" | o(tgyi1) =jte [fgs1, tye1 + Agi1), S = 0,1,2,...}.

Let
p(t) = [xT(8), xT(t = 7(F)), X7 (t = Tm), X7 (£ = 70), T (B)]T. (2.5)
This way, system (2.1) can be rewritten as

x(t) = You - ¢(b),
z(t) = Cg(t)x(i’) + Dg(t)w(t), (2.6)

x(t) = (), te[-tm, 0],
where
Yo = [Aowt), Arer), 0,0, Bo] - (2.7)

First of all, we will give some definitions and lemmas about system (2.6) which plays
an important role in the derivation of our result.
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Definition 2.1 (see [29]). The unforced system is said to be exponential stable if there exist
constants v > 0 and & > 0 such that

Ix(®ll <v sup [lg(o)].e™. 2.8)

-TMm<6<0

Definition 2.2 (see [30]). For y > 0, the switched system (2.1) is said to have weighted L,-gain,
if under zero initial condition ¢(t), t € [-Tar, 0], it holds that

foo 27(s)z(s)ds < y? Jw wT(s)w(s)ds. (2.9)
0 0

Definition 2.3 (see [30]). For any T, > T; > 0, let N(T1, T>) denote the switching number of
discontinuities of o(t) during on an intercal (T3, T2). If No(T1,T2) < No + (T2 — T1) /T, holds
for Ny > 0 and T, > 0, then Ny and T, are called chattering bound and average dwell time,
respectively. Here we assume Ny = 0 for simplicity as commonly used in the literature.

Lemma 2.4 (see [29]). For any given symmetric positive definite matrix X € R™", and scalars
a> 0,0 < d; < dy, if there exists a vector function x(t) : [-dp, 0] — R" such that the following
integration is well defined, then

—d;
- f x(t+0)Te"®Xx(t +0)do
= (2.10)

a [x(t - dl)] [ X] [x(t ~dy)

= eadi _ pady |x(t - dy) x(t—dy)|’

Lemma 2.5 (see [28]). Let ¢ > 0and 6 > 6 > 0. If there exists a real-value continuous function
x(t) >0, t > to, such that the differential inequality

dx(t) < —0x(t) +6 sup x(s), t>t (2.11)
dt t—Q<s<t
holds, then
x(t) < sup x(tg+s)e ), £ >4, (2.12)
—0<s<0 '

where p > 0, and satisfies p — 0 + 6et? = 0.

Lemma 2.6 (see [9]). If a real scalar function x(t) satisfies the following differential inequality:

x(t) < —gx(t) + nou(t), (2.13)
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where ¢ > 0, 11> 0, then

x(t) <e'x(0) +7 ft e *u(t — s)ds. (2.14)
0

3. Main Results

The following theorem presents a sufficient stability condition for system (2.1). We first
present conditions w(t) = 0, the corresponding closed-loop system is given by

x(t) =You - ¢(t),
x(t) =¢(t), te[-tm, 0],

(3.1)

where

Yoy = [Acty, Aror,0,0],  (t) = [xT(t),xT(t - 7(£),xT(t - Tm), xT(t-10)]T.  (3.2)

Theorem 3.1. For given scalars 0 < 79 < a1, a > 0, p > 0O, then the system (2.1) is exponentially
stable, if there exist positive-definite matrices P;, Pij, Qki, Qij (k = 1,2,3), and Ry;, Ry;; (I = 1,2)
such that the following LMIs hold:

R a 1
Z11 S _lei 0
~ a a
~ * = —_— R»; - R,
== 22 T paty _ pamy 2 2T — pam 2 <0, (3.3)
* * 53,3 0
* * * —e (s + LR i
i 3i 2aTo — @aTh 21_
=11 212 1= b Ryij 0
= * = L Roii L Ry
Ei = =22 e‘ﬂTO — e_ﬂTM 21] e_ﬁTO — e‘ﬂTM 21] < 0 (34)
- 0
* % * —ePr Qs — LR i
Q3l] P _ o P 21]—
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with

= 24
E11= Qi+ Qi+ Qs+ PA +ATPi +aP; + lei + Ty AT Ry A

+ (v — T0) AT R Aj,

l

Ei2 = PAg, + TMAT Ry Az + (Tm — T0) Al Ryi A,

52,2 = — (]_ - T)e_uTMQh' + 260”'0 —

24 [24
= — _ p ™™ . . .
=33 = e Q21 + 1 = gatu Rh + 20T _ gty R21/

E11 = Quij + Quij + Qaij + P;jAi + AT P — PPy + H%th + TMA] RiijA;

+ (Tv — T0) A Raij Ay,

Z, = PjA; + TMAT Ry Avi + (Tv — T0) Al Raij Axi,

EZ,Z = - (1 - T)eﬂTMQIij - Z—Q’ﬁTU _ e*ﬂTM RZij + TMA;RlijATi + (TM - TO)A;iRZijATi/
oo g, P P _
SIS 1-ePm™ Ruij e P — g=Pru Raij-

In this case, for any switching signal with the average dwell-time satisfying

1
n>mzﬂ%ﬂ

T (to, ) S p+x
T-(to,t) ~ a—-x’

0<k<a.

System (3.1) is exponentially stable with y; > 1 (I = 1,2) satisfying that

Py <Py, Py <pP, Qi <paQrijy  Qkij S Qi (k=1,2,3),
Rij <uRpj, Ruj <poRy (1=1,2), Vi£j, i,j€P.

Proof. When t € A1, we consider the following Lyapunov-Krasovskii functional:

Vi(t, x(t)) = Vii(t, x(t)) + Vai(t, x(t)) + Vai(t, x(t)),

a
T T
S Roi + TM AL R1iAri + (Tm — T0) A Roi Azi,

(3.5)

(3.6)

(3.7)

(3.8)

(3.9)
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where
Vai(t, x(t)) = xT(£) Pix(t),

t
e 9 xT (5)Qyix(s)ds +f e ) xT(5)Quix(s)ds

t—TM

t
Va(t, x(8)) = f

t—7(t)

' (3.10)
+f eI xT(5)Qaix(s)ds,

t—19

0 t
Vai(t, x(t)) = f J e =9 xT (s)Ry;x(s)dsdO + f e =9 T (s) Ryx(s)dsdo.
—Tp Y t+0 t+0

—TMm

Taking the time derivative of V;(t, x(t)) for t € [0, o0) along the trajectory of the system
(2.1) turns out to be

Vai(t, x(t)) = 2x7 (t) P Y g (8),
Vai(t, x(t)) < —aVai(t, x(t)) + x7 (£) (Qui + Qai + Q3i) x(t)
= (1 =7)e™™™xT(t —7(t))Quix(t — 7(t))

— e T ) Quix(t - ) = T (=) Qux( = T),

Vai(t, x (1)) < —aVai(t, x(t)) + TM(PT(t)YiTRuYi(P(f)

+(Tp — To)qu(t)YiTRziYi(lf(t)

t t-7p
—f xT(s)e’“(t’s)Rlix(s)ds—J‘ xT(s)e ™) Ry;x(s)ds.

t—TM l’—TM

On the other hand, according to Lemma 2.4, we get that

_ft £ I Rx(s)ds < | O HRu [

— 1-eomm |x(t—1pm)| |-Rui x(t—1m)|’

t—19
—f xT(s)e ™) Ry x(s)ds

t—Tm

t—1p t—7(t)
< -J' xT(s)e ) Ry;x(s)ds — f xT(s)e ) Ry x(s)ds (3.12)

t=7(t) =T

o v | i

a [x(t - T(t))] T [ Ryi _RZi] [x(t -7(t))

et —exm | x(t—7m) | |-Rai  Roi |[x(t—7m) ]|
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Then we can get

Vilt, x(1)) + aVi(t, (1)) < g7 () Zig (1), (3.13)
where
= TMYITRliYi +(Tm — TQ)YI.TRZI-YZ-
PEO ~
S11 PiAq lei 0
=0 a _ a _
+ * =22 _MRZ _mRzl (314)
* * 55 0
a
- * * —e s + exm — ATy Rzi_
with

= a
=0 _ T
=y = Qli + Q2i + Qg,i + P,Al + Ai Pl' + T e pro Rli + aPl-,

1
a

=0 _ - . .
Sy, =—(1-7)e™™™Qy; + 2 — gt Rai

(3.15)

In view of Schur complement, (3.3) implies that Z; < 0. Then we have Vi(t, x(t)) +
aVi(t,x(t)) <0 for all gs(t) #0.
Then during the matched period, by Lemma 2.5, V;(t, x(t)) satisfy

Vit x(t)) < e 0Vi(ty, x1,), to <t <ty

Vilt, x(t)) < e Vi(te 1 + Ag 1, Xt 4ng,), o1+ Agq St<ty, §=2,3,....

(3.16)
When t € A,, we consider the following Lyapunov-Krasovskii functional:
Vij(t, x(t)) = Vaij(t, x(t)) + Vaij (, x()) + Vai(t, x(1)), (3.17)
where
Vaij(t, x(t)) = xT(t) Px(t),
t t
Vot x(0) = [ Mt Quaods+ [ eI (s)Qu(e)ds
t—7(t) t=Tnm
(3.18)

t
+I eﬁ(t‘s)xT(s)Qgﬁx(s)ds,
t—1o

0 t
Vaij (L, x(b) = f eP7I4T (5) Ryyjok () dsd6 + f
t+0

—™ —™

—T0

t
f eP=) 1T (5) Ryyjx (s)dsdb,
t+0

where § > 0.
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Similarly we have that

Vij(t,x(5) = BVii(t, x (1) < ¢T (D29 (1), (3.19)
where
Ey; = T Y] Ry Y + (ta — 70) YT Royy Y
—E(l),l Pij A, mth 0 ]
. x5, ﬁRﬂj ﬁRZU (3.20)
* % Z, 0
[ * e Qs ~ —5 _ﬂ parrveiell
with

Z)) = Quij + Quij + Qaij + PjA; + AT Pyj - %th - BP;,

1
s (3.21)
=0
2, = —(1 - T)eﬂTMQli]- — ZmRﬁj.
Through Lemma 2.5, we also have
Vii(t, x(8)) < PTVii(ts, xi,), g St<tg+Ag, =1,2,.... (3.22)

When t € [tg, ts + Ag), S =1,2,..., we have the relationship Ny (to, t) < No(to,t),
and it follows that

V(tx(1) = Vit +aeotts) (£) S Vot +aa)otte) ()P )

< ﬂZVC’(fs-l) (té)eﬂ(t_tg) < /’lZVU(fsq)(t%*l + A%fl)eﬂ(t_tg)_u(t%_tgil_ATH)

(3.23)
< Hap Vgt 285 ) (H ) P70 sam8a)
< (g ™ O Vo )l (o8 )
From (3.7), we can obtain
T (to, ) —T" (to, t)a < —x(t — to). (3.24)

Then through (3.23) and (3.24), we can easily get

- ~to)/Ta —k(t— - — (- -
V(trx(t)) < #11(/’[2#1)(t w/ Vﬁ(fo)e Kho) < #llvﬁ(to)e G~ pap) /T tO)' (3'25)
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By (3.9) and (3.25), then we have

Amin (P x(B)]1* < V (£, x(t)) [maxAmax(P) + ZTMr\?ax Amax (Qki)

2

T

M
+ Tomax A ;) + —max .\ Ry;
OVieIP max(QSz) 2 viep max( 11)

(Ths = Tg) 2 1 JTa)(t-t
+ maX)tmax(Rzi) ||Xt0|| e~ (k=(Inp2p1) /Ta)( —0),
2 VieP

(3.26)
which means
||x(t)|| < #—1/21 lz_i”xto”e*(l/z)(K*m#zl‘-l/Ta)(t*fo)’ (3.27)
where
2
a1 = MaX Amax (Pr) + D TMMaX Amax(Qi) + ToMax Amax (Q31)
k=1
2 2 g2 (3.28)
+ TMI%'}SP?( -)tmax(Rli) + M%}g@( -/\max(RZi)/
bl = )‘min(Pi)'
Similarly, when t € A1, we can also have
()] < ﬂ-l/Z1 / ||x ||e—(1/2)(1< Inpopr/Ta) (o) (3.29)
where
2
az = max Amax (Pyj) + kzz;TMg}]% Amax (Qxij) + Tomax Amax (Qsif)
2 2 g2 (3.30)
+ _M\gljaépf )lmax (Rlij) + Mgl]ax )Lmax<R21])

by = Amin (P;j)-

For convenience, let a = max{ay, az}, b = min;y; jepAmin(P;, P;j), through (3.27) and
(3.29), we have

Il <y 2o e, 631
O



Journal of Applied Mathematics

11

Theorem 3.2. For given scalars 0 < 7) < Tar, @ > 0, f > O, then the system (2.1) is exponentially
stable with Ly-gain, if there exist positive-definite matrices P;, Pij, Qxi, Qkij (k = 1,2,3), and Ry;,

Riij (I =1,2) such that the following LMIs hold:

e ~ o ~
211 B2 TT e S IST 0 S5
= a a ol
*  Zpp ————Ry; Ry 25
eu’l‘[] —_ etlTM eu’l'() —_ elXTM
=] * % = ,
2= 3,3 0 0
* * * —e Qs + LR[ 0
e %m0 — paT™ 1
| * * * * 255
r B
21,1 =12 —1 =y Rh; 0 21,5
* = P ii by
=22 oopm _ P e P _ gpru 2 25
2=« o« Z5, 0 0|<0
* * * —ePrQy;i — P i 0
Q31] P _ o P 2ij
| * * * * ;5,5_‘
with
= a
— T T
21 = Qui+ Qoi + Qo + PiAi + A P+ -0 Rii + TM A Rui A

+(Tm = T0) A] Ry Ai + C[ Ci,
315 = PB; + Tm A Ri;B; + (Tm — 70) AT RoiB; + CT D;,
35 = TMALRy;B; + (Tv — T0) AL, RaiB;,
355 = TzmB] RiiB; + (Tm — T0) BT RyiB; + DI D; — y1,
3, = Quij + Quij + Qaij + PjA;i + AT Py — 1_6%13117 + Ty Al Ryjj Ai
+ (Tm — T0) AT Ryij Ai + C] G,
2,5 = PyB, + Tm AT RyB; + (T — 70) AT Rog B, + CT D,
3,5 = TmALRijBi + (Tm — 10) AL Ry By,

;5’5 = TMBlTRlijBi + (TM - To)B;rRZijBi + DITDI — YZI

(3.32)

(3.33)

(3.34)
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Proof. For all nonzero w(t) € L;[0, ) and a scalar y > 0, then we establish system (2.1)
with L,-gain performance ||Z(f)|2 < y|lw(t)|]. For convenience, denoting IT(t) = ZT(¢)z(t) -
Y’wT (H)w(t).

When t € [to, t1) U [tg-1 + Ag-1,ts), k =2,3,..., by the system (2.1), we can obtain

V(t, x(t)) + aVi(t, x(t) + TI(t) = @7 (£)Ziep(t). (3.35)
From (3.32), we can easily get
Vi(t, ) + aVi(t,me) + T1(t) <O. (3.36)

Integrate this inequality during [fo, ¢], it is known that

t
Vi(t, x(t)) < e Vi(tg, xy,) —f e *I(s)ds, ty<t<t,
t—tg

Vi(t, x(t)) < e 17850Vt g + Ag_1, Xig 1 +8q4) (3.37)
t
_.[ e T(s)ds, tgq+Agq <t<ty, §=2,3,....
tg-1+Ag-1

When't € [ty, ts+Ag), S =2,3,..., by the system (2.1), by the same way, we can obtain
Vit x(t)) - PYilt, x(1)) + TI(E) = 9T (HZ () < 0. (3.38)

Then we have

t

Vij(t, x(t)) < Vij(ta, x1 ) e —f ePI(s)ds, ty <ty + Ay, §=1,2,....

t
(3.39)
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When t € [tg, ts + Ag), S =1,2,..., it follows that

t
V(t, x(t)) — Vg(t571+A,~,71)0(t5) (ts)eﬂT’(tg,t)—aT*(tg,t) _ f eﬁT’(tg,t)—aT*(tg‘,t)H(S)dS

[

t
< 1oV (£2) P (a1=aT " 50) _ J' PT s )-aT (T (g ds
= - <

b

< H2H1 VQ(ts—ﬁAg-z)O‘(t%J ) (t?sfl ) eﬁTi (fa-1,0)-aT" (fa-1.9)

tg-1—Ag-1
~ o f R (O (3.40)

1

to t
_ ‘uz I eﬂT’(tg,t)—aT*(tg,t)H(s)ds _ f eﬂT7(tg,t)—uT*(tgg,t)H(s)ds S .

ty-1+Ag-1

ty

t
< _ I ﬂlz\fom(s,t) ,uf]g”)(s’t) PT (sH-aT* (SHT](5) ds
to

No) (tot)  No(to,
‘u

4y D OOV ()T e -aT ),

Under the zero initial condition, Let ty = 0, (3.40) implies
t
fo ”Iz\lgm(s,t)ﬂi\fgu)(s’f) eﬂT’(s,t)—aT*(s,t)A(S)ds <0. (3.41)

Integrate (3.41) during [0, o0), then we can obtain

w pt
f I e[No-(f)(O,S) In p2+ Ny (1) (O,s)lnm]eﬂT’(s,t)—aT*(s,t)H(S)dS At
070 (3.42)
© © ©
< f elNow (0) InpatNow 05) In I () (I e-K“-S)dt) ds < j I(s)ds < 0.
0 0

S

When t € [to, t1) U [tg_1 + Ag1, ty), S =2,3,..., by the same mathematical operations,
we have [ TI(s)ds < 0.
From which we can get ||Z(t)]|> < [lw(t)]|2- This proof is completed. O

Remark 3.3. If y1 = pp = 0, which implies that P, = P;; = P, Qxi = Qnij = Qk, Ri =
Rij = Ry, i,j € P, by (3.3)-(3.4) and (3.32)-(3.33), we have T, = 0, then it requires a
common Lyapunov functional for all subsystems, and the switching signals can be arbitrary.
If pyp — oo (k =1,2), we get from (3.3)-(3.4) and (3.32)-(3.33) that there is no switching, that
is, switching signal will have a great dwell-time on the average.

4. Illustrative Example

In this section, a numerical example is given to illustrate the effectiveness of the obtained
results.
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Table 1: Different T, and 7y for @ = 0.25, f = 0.2.

o 1.0 15 2.0
T, 0.0521 21022 5.2454
™ 1.2036 1.5415 1.7154
2.5
2 e —
151
1y | I | IR
0.5 : : : : '
0 1 2 3 4 5 6

Figure 1: Switching signal with ADT.

Example 4.1. Consider the system (2.1) with parameters as follows:

Al = [—1.5 0.3], Ay = [—1.4 O.S]I A = [—2.2 —0.3],

0 -24 0.6 -2.4 0 -16
12 0 ~0.4 0.2 02 03 0.35
Ap = [ 0 —1.8]' C = [0.2 0'1], G = [0‘1 0'35], By = [0.28 ], (4.1)
~0.66 ~0.35 0.57
B2 = [0.25 ] Pr= [—0.15 ] b2 = [—0.48 ]

Ty is fixed and assumed to be 0.2. The initial condition is assumed to be x(0) = [9, -9]T,
w(t) = 0.5sint. Then by solving the LMIs in Theorem 3.2, different T, and s for different
UiMz, a, and P can be obtained in Table 1. It can be seen that, for the given 7, the upper
bounds of the time delay 7p; and the minimal average dwell-time T, are dependent on «,
B, and pip,. Then the simulation result of the system is shown in Figures 1, 2, and 3. The
switching signal o(t) with average dwell-time T, is shown in Figure 1. Figures 2-3 indicate
that the state response of the switched system without asynchronous switching and with
asynchronous switching, respectively.

5. Conclusions

In terms of the LMI approach, the problem of robust stabilization of switched delay systems
with average dwell-time under asynchronous switching has been considered. Two sufficient
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Figure 2: The state response without asynchronous switching.

0 1 2 3 4 5 6

Figure 3: The state response with asynchronous switching.
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conditions are developed to guarantee the global exponential stability of the considered
switched system. At last, a numerical example is provided to demonstrate the effectiveness

and feasibility of the proposed techniques.
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