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Stability and Convergence of Perturbed Switched Linear Time-Delay
Systems

Qing-Kui Li, Georgi M. Dimirovski, Jun Zhao and Xiang-Jie Liu

Abstract— We address the issue of stability and convergence
of perturbed switched linear time-delay systems. By introduc-
ing the Variation-of-constants formula, the conditions of the
stability and convergence of perturbed switched linear systems
with time-delay are established, and the difficulties caused by
the interaction between the switchings and time-delay are con-
quered. Based on the general result of perturbed switched linear
time-delay systems, under two different switching schemes, new
delay dependent and independent stability criteria for switched
linear systems with time-delay are developed. The numerical
examples show feasibility and validity of the results.

Notations
R™ n dimensional Euclidean space.
AT Transpose of matrix A.
N Set {1,2,---n}.

The usual 2-norm.

The space of square integrable
functionson [0, 00).

The space of locally Lebesgue
integrable functions on [p, c0).
Maximum (minimum) eigenvalue of
P.

-1
LQ[O, OO)

Z1*([o, 00), R")

>\max (P) ()\min)

P>0(<0) Positive (negative) definite matrix P.
x¢(0) xz(t+0),0 € [—-7,0].
C([-7,0,R,) Banach space of continuous mapping

from([—7, 0], R,,) to R™ with topology
of uniform convergence.

The right continuous function denotes
the switching signal which can be
characterized by the switching
sequence X = {xo; (ig, to), (i1,%1), - -,
(ij7tj>7"'|ij €EN,j 20717"'}'
Mean that the ith subsystem is active.
sup_ <ocoll(t + O)|, (¢ +0)]}
or sup_, <geo{l(t +0)]}.

c2o(t)=1i

[tler

This work was supported in part by Dogus University Fund for Science
and Ministry of Education and Science of the Republic of Macedonia, NSF
of China under Grants 90816028 and 60874024, and supported by Program
for New Century Excellent Talents in University (NCET-06-0207).

Qing-Kui Li and Xiang-Jie Liu are with the Department of Automation,
North China Electric Power University, Beijing, 102206, P. R. China
sdlgk01@126.com; liuxj@ncepu.edu.cn

Jun Zhao is with Key Lab of Process Industry Automation of
Ministry of Education; School of Information Science and Engi-

neering, Northeastern University, Shenyang, 110004, P. R. China
zhaojun@ise.neu.edu.cn

G. M. Dimirovski is with Dogus University, Faculty of
Engineering, Istanbul, TR-34722, Turkey; and SS Cyril and

Methodius University, Faculty of FEIT, Skopje, MK-1000, Macedonia
gdimirovski@dogus.edu.tr

978-1-4244-4524-0/09/$25.00 ©2009 AACC

I. INTRODUCTION

For a perturbed switched linear system
i(t) = Ag(t)z(t) + fo (1), x(to) = o, (D

where f,)(t) : Ry — R™ is piecewise continuous vector

function representing system perturbations, paper [7] had

derived that under certain conditions, the state of system

(1) has the same convergence properties as the perturbations

fz(t), 1€ M, i.€.,

(i) the state of the perturbed system (1) is bounded if the
perturbations are bounded;

(ii) the state of the perturbed system (1) is practically
convergent if the perturbations are convergent.

On the other hand, with the Variation-of-constants formula
[2], for (0,¢) € R x C, one can easily show that under
certain conditions, the state convergence properties of the
linear perturbed time-delay system

Lo = ¢,

are consistent with the perturbation f(t).

Inspired by above works, it is natural to consider the sta-
bility and convergence of perturbed switched linear systems
with time-delay. The importance of the study of the issue
arises from the hot topics, switched systems with time-delay
which have been attracting considerable attention due to
the significance both in theory development and practical
applications (see e.g., [41,[5],[6],[91,[10],[12]). It is well
known that perturbations and uncertainties are inevitably
encountered in many control systems, including switched
time-delay systems and time-delay systems using switching
techniques. However, the stability and convergence of the
perturbed switched systems with time-delay is not easy
to handle and challenging due to the interactions between
the switchings and time-delay, a simple combination of the
existing results of switched systems and time-delay systems
can not give the solution of the problem addressed. Some
efforts are undertaken to dispose of the perturbations for
switched systems (see, e.g., [13]) or time-delay systems (see,
e.g., [11]), it is often assumed that the perturbations to satisfy
the linear growth condition, i.e., || f;(¢)|| < mil|z(t)]|, i € N,
generally speaking, such disposal is neither practical nor
reasonable.

In this paper, we address the issue of stability and con-
vergence of perturbed switched linear time-delay systems.
The novelties of this paper are as follows. In the first place,
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by introducing the Variation-of-constants formula, the condi-
tions of the stability and convergence of perturbed switched
linear systems with time-delay are established. In the next
place, under average dwell time switching scheme, delay
dependent stability and convergence criteria for perturbed
switched linear time-delay systems are developed based on
the general results, alternatively, under multiple Lyapunov
functional switching scheme, delay independent stability and
convergence criteria are given. As for deriving the delay
dependent criteria, by introducing Jensen integral inequality
and choosing a special Lyapunov functional which does not
include the time varying term, the computation complexities
and analysis difficulties are decreased, whereas the conserva-
tiveness is not increased compare to existing results (see, e.g.,
[3]). On the other hand, as for delay independent criteria,
some subsystems are allowed to be unstable. It is highly
desirable that a non-switched time-delay system can not earn
such property.

II. PRELIMINARIES

Before developing the conditions for the stability and
convergence of switched linear time-delay systems, a pre-
liminary result is presented. The following state constitutes
a generalization of Hale’s results (see in [2]).

Consider the perturbed linear time-delay system

i(t) = L(t, ) + f(t), t = o, 3)
To= ¢,
and its homogeneous system
&y = L(t, @), t = 0. “4)

Hypothesis 1. The operator L(t, ¢) in (3) is linear in ¢ and,
there are n xn matrix functions 7n(t, #) measurable in (¢, 6) €
R x R, normalized so that

n(t,0) =0 ford >0, n(t0)=n(t,—71) forf< -7,

n(t,0) is continuous from the left in 6 on (—7,0), n(t,0)
has bounded variation in 6 on [—,0] for each ¢, and there
are m(t) € Z}°¢((—o0, ), R) such that

0
L(t,¢) = [ [don(t,0)]o(0), 5)

|L(t, ¢)| < m(t)|¢]

for all t € (—o0,00), ¢ € C.

Remark 1. According to Hale’s Theory, if above hypotheses
on L are satisfied, a unique function z(p, ) defined and
continuous on [o—7, 00) which satisfies system (3) on [o, c0)
can be guaranteed (c.f. [2]). Hypothesis 1 is basic assumption
for linear time-delay system and is easily checked to be held.
Example 1. Consider a LTI time-delay system

&(t) = Ax(t) + Dx(t — 7).
We can let L(t,¢) = A¢(0) + D¢p(—7), in which ¢(6) =
x(t+6),0 € (—7,0), and there has

0
L(t,6) = / (dgn(t,0)]6(0)

-7

where
0, 0 =0,
n(t,0) = —A, -7 <0<,
—A-D, 0=—r.

Lemma 1 (Variation-of-constants [2]). If L satisfies the hy-
potheses 1, z(p, ¢, f) denotes the solution of system (3), and
z(p, ®,0) is the solution of the corresponding homogeneous
system (4), then

w0 6. )(t) = (0.6,0)(t) + / U(t, ) f(s)ds,
T, = o, t>o, (6)

where U(t, s) is the solution of the equation

Ut s) = fst L(u,Uy(+,8))du+ Ta.e. ins,t > s
v 0. s—r<t<s

in which Uy(-,$)(0) =U(t+6,s),—7 <6 <0.

For the convenience of using the variation-of-constants
formula, some notations are introduced to rewrite the for-
mula.

Denote z(o, ¢,0)(t+6) as z;(o, $,0), and if z(g, ¢,0) =
T(t, 0)¢, then the T'(t, ) is a continuous linear operator.
Therefore

0,—-7<6<0,
i) =20, %0, Xal0) = {75

With the above notations, the variation-of-constants for-
mula becomes

ze(t, 0,0, f) = T(t, @)¢+/ T(t,s)Xof(s)ds, t > o.

Before concluding this section, we recall another lemma.
Lemma 2 (Jensen integral inequality [1]). For any constant
matrix M € R™*™ M = M7T > 0, scalar v > 0, vector
function w : [0,7] — R™ such that the integrations in the
following are well defined, then

3 [ Wt o) >( / Www)dﬂ) TM( | w(ﬁ)dﬂ).

III. MAIN RESULTS

For (0, ¢») € R x C, consider the switched linear system
with time-delay

(t) = Lo (t, ze) + fo(t), t > to,
¢z(9) = I(t‘i’@), 0 S [tj — T,tﬂ, (7)

where x(t) € R™ is the state, f;(t) € £1°¢([tg,00),R"), i €
N the perturbations; ¢;(¢) the continuous vector valued
function specifying the initial state of each subsystem.
Remark 2. If L;(¢,2;) in each subsystem of (7) satisfies
the Hypothesis 1, with the stepping method in finite interval
[tj,tj+1) for each subsystem of (7) and well-defined switch-
ing law, the existence and uniqueness of the solution with
initial condition for switched linear time-delay system (7)
can be guaranteed.
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Definition 1[8]. Let M = sup {|| fi(®)||}- The perturba-

t>o,

tions f;(t), i € N are said to be

(i) bounded, if M < oo;

(ii) convergent (to the origin), if || f;(¢)|| — 0 as ¢ — oo for
all © € N;

(iii) exponentially convergent (to the origin), if ||f;(¢)|| <
ke Mt=to) '/t > ¢, for some constants x > 0 and
A>0.

A. General result on perturbed switched linear time-delay
systems

We have the following general result on perturbed
switched linear time-delay systems.
Theorem 1. For the perturbed switched linear time-delay
system (7), suppose that Hypothesis 1 hold. If under certain
switching law, the solution z = 0 of nominal system of (7),
i.e., the homogeneous system

z(t) = Lo (t, zy), ®)

is exponentially stable, then the system state of (7) is

(i) bounded if the perturbation f,(¢) is bounded;
(i) asymptotically convergent (to the origin) if the pertur-
bation f,(t) is bounded and asymptotically convergent
(to the origin);
(iii) exponentially convergent (to the origin) if the perturba-
tion f,(t) is exponentially convergent (to the origin).

Proof. According to variation-of-constants formula, since
fo(t) € ZLloc([to,0), R"™), when t € [t;,t;+1), the solu-
tion of the i;th subsystem through (;,¢;,) of (7) can be
expressed as follows

t
wi(tty 60 1) = T (1, 1)), + / T (t,5)Xo(0) f:, (s)ds,
t

J

tzth

where T, (t,tp), @ € N are continuous linear operators
with relations z(t;, ¢;,,0) £ T;,(t,t;)¢;,. By the stepping
method in finite interval [t;, ;1) for each subsystem of (7)
and well-defined switching law, the existence and uniqueness
of the solution with initial condition for system (7) can be
obtained, and there has

t
‘rt(t7 t0> ¢01 fo*) = T(t7 tO)(bO + / T(t7 S)XO(H)fU(S)dS

to
t > 1o, )

where T(t to) = T ( ) . TzJ 1(t7;t7 1) ( )
is a continuous operator with relation x(t0,¢0, ) =

T(t,t0)po (¢o = dio)-

Since the solution z = 0 of nominal system of (7), i.e.,
%(t) = L,(t,x¢) is exponentially stable, this implies that
there exist constants o > 0, x > 0, such that the solution
operator T'(to, t) satisfy

1Tt to)|| < re™@E1) || T, to) Xo|| < ke~ =10),

Firstly, suppose that f,(¢) is bounded, that is, there exists
M > 0, such that || f,(¢)|| < M, (9) gives that

[z, to, do. fo <’<567a(t tO)H‘bO” + M- / =) ds

/{M
<kl ¢oll + —
«

Hence, the state is bounded.

Secondly, suppose that the perturbation f,(¢) is bounded
and asymptotically convergent, that is, for any given number
€ >0, 377 > 0, when t > Ty, there holds || f;(¢)|| < e. The
boundedness of f;(t) gives ||fi(t)|| < Bo(i € N). When
t€tj,tjy1) C [T1,00), (9) gives rise to

||xt(ta th ¢Oa fo’)”
t
< e 1) o | + / ke )| £ (5) | ds

to

T
e~ (t—to) llpoll + KB()/ e~ (t=5) s

to
t
—H@'/
T
kB K
< </€||¢0|| + 0) efoé(thl) +7€
« (0%

For any given € > 0, choose 7 = 7; + and € = ¢.
When t € [tj,tj41) C [T, 00), it follows from (10) that

e~ (t=5) s . ¢

(10)

lnE 1

||‘rt(tat07¢07fo')” S (FLH(ZSO 4+ — KJBO Z) c

From the arbitrariness of ¢, the asymptotic convergence of
the state follows.

Thirdly, suppose that for t > o, ||f, ()] < ge™ 7t~
Then, we have

Hl‘t(t7t07 ¢07 fU)”

t
< ke~ Et0)| gy | +/ ke t=9) . ge= (5=t gg

to
Kl ol + 525 emt=t) ify > aq
< kllgoll + 2% ) e 7)o ify <o (1)

= T—a

(Kllgoll + 52 ) e~(@=a)t=t0)ify — q

where ¢ is any sufficient small positive number. Thus, the
state is exponentially convergent. The proof is complete. [J

In the following subsections, we will give delay dependent
exponential stability criteria based on time-dependent switch-
ing law and delay independent exponential stability criteria
based on state-dependent switching law, respectively.

B. Delay dependent convergence criteria:
switching law

time-dependent

In the perturbed switched linear time-delay systems (7), if
Ly(t,¢) = As9(0) + Dyp(—d, (1)), where d;(¢t), i € N is
time-varying term satisfies 0 < d;(¢) < 7, and ¢(0) = z(t +
6),6 € (—,0), note that the initial state of each subsystem is
related with the switching instant, we denote ¢, (6) = ¢(6).
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We have the familiar switched time-delay system with the
form
( ) = Asa(t) + Dox(t — do (1) + fo(t),
( ): (t+9) 0 e [tj —T,tj],
() ¢U()_07j:0717
We are in a position to present the delay dependent
stability and convergence criteria.
Theorem 2. For system (12), suppose that the time-varying
delay d;(¢) satisfies 0 < d;(t) < 7 (7 > 0, ¢ € N). For given
positive constant 7, if there exist positive definite matrices
P;, S;, with appropriate dimensions, such that the following
linear matrices inequalities
0, = [90211 80112} <0,
¥ P
hold, then, for any switching signal with average dwell time
satisfying

12)

1eN (13)

1
T,>T: = % (14)
where p > 1 satisfies
P <Py, S; < pSj, Vi,jeN, (15)
9911_Ai P, + PA; + nP; + TAZ- S;A; — Tﬁleinq—si,

SD?LQZPiDi + TAlTSiDi + T_le_nTSi,
QDEQZTD;TSZ.DZ - T_le_nTSZ'.
Then the system state of (12) is
(i) bounded if the perturbation f,(¢) is bounded;
(ii) asymptotically convergent (to the origin) if the pertur-
bation f,(¢) is bounded and asymptotically convergent
(to the origin);
(iii) exponentially convergent (to the origin) if the perturba-
tion f,(t) is exponentially convergent (to the origin).
Proof. According to Theorem 1, we need only to prove that
under the average dwell time switching law (14), the nominal
system of (12), i.e., the switched linear time-delay system

#(t) = Apx(t) + Dya(t — dy(t)) (16)

is exponentially stable.
Define the piecewise Lyapunov functional candidate

Vi(x(t)) = T (t) Py 1y (1)

—n(t 5) g o (t)

U(t) fft)

L

which is positive definite since P; and S; (i € N) are
positive definite matrices.

When ¢ € [tg,tr+1), for the simplicity of notations,
suppose that the ith subsystem is active, i.e., o(t) = 1.
Differentiating (17) along the trajectory of (16) and noticing
d;(t) < 7, we obtain

Vi(wy) <227 (£) P(Asa(t) + Dyx(t — di(1)))

t
+raT (1) Sid(t) —/ i (s)e™ S, (s)ds
t—di(t)

0 t
oL
—7 Jt+0

17
i(s)dsdf, an

$)e""=9) G i (s)dsde. (18)

Note that
@7 ()8, (t) = a7 (t)T AT S; A (t)
+ 22T ()7 AT S; D (t — dy(t))
+ 2T (t — d;(t))T D] S; D (t — dy(t)).

From the Jensen integral inequality, we obtain

t
7/ i (s)e™ " S i(s)ds
t—d; (t)

T

¢ ¢
/ (s)ds | e S, x(s)ds
t—dy (t) t—dy (1)

[o(t) = w(t = di(8)]" e " Sila(t) — a(t - di(1))]

(19)

2T (t)e ™" S;a(t) + %xT(t)e_"TSix(t — di(t))

e B i B B S R

— —aT(t —d;(t)e " Ssx(t — di(2)). (20)
.
Substituting (19) and (20) into (18), yields

Vi(we) +1Vi(ar)

SLa?&mrﬁﬁlﬁﬂL@%Qm]

Imposing condition (13) produces that

Vi(xy) +nVi(z,) <0, i€ N. 1)

When ¢ € [tg,tg+1), integrating (21) from ¢ to t gives
V(we) = Vo () < e MV (). (22)

Using (15) and (17), at the switching instant ¢;, we have
Vo) () < iV (@ (23)

Therefore, it follows from (22) (23) and the relation k =
N o (t07 )

’)7 22172a

V(z) Sefn(titk)ﬂva(t;)(xti)

Se—n(t—tkfl)uva(tk_l)(mtkﬂ) <

ot (24)
<e nt tO),UJkVU(to)(xto)
1nu
S,UNO —(n—FE)(t— tO)Va(to)('Tto)-
In view of (17) again, it holds that
allz(®)” < V(@4), Voo (@) < bllas %, (25)

where ¢ = miniey Amin(F;), b = maxjen Amax(P;) +
72 max;e N Amax(9;). Let A = %( 1““) Combining (24)
and (25) gives rise to

()] < TV () < oo e g 2,
a a

Therefore ||z(t)|| < \/gu%-e_’\(t_tﬂ)\\xtoﬂcl, which means
that system (16) is exponentially stable. The remainder of the
proof follows the procedures as in theorem 1. [J

Remark 4. We introduce Jensen integral inequality in our
proof, the computation complexities and analysis difficulties
are decreased, whereas the conservativeness is not increased
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compare to existing results, such as free weighting matrix
method (see, e.g., [3]), the correlative reference can be seen
[14].

Example 2. Consider the perturbed switched linear time-
varying delay system (12) with

—4 -25 0.2 0.1
A= {1.2 —1.5} » D= [0.1 0 ]

-2 05 0.1 0.1
Az = {—3.2 —3.5] ) D2 = {0.2 0 ] ’

and d,(t) = 0.6 + 0.6sint. For n = 0.6, 7 = 1.2, solving
(13) gives piecewise Lyapunov functional (17) with

1.7368 0.0128} p_ { 1.8561 0.0567}
» 42— ’

P= [—0.0128 1.9422 —0.0567 1.7216

and

g _ [ 0:3536 —0.1162 g _ | 10467 —0.2930
1= 1-0.11621.15345 | * 2 ~ [=0.2930 0.5838 |-

Solving (15) gives 1 = 2.9634, and according (14), we have
Th = 1“7“ = 1.8106. By using average dwell time method
provided by Theorem 2, with the convergent perturbation
fo(t) = 2! and the bounded perturbation f,(t) = sint,
the stability and convergence of the system (12) can be

guaranteed, the simulation results are depicted in Fig.1.

C. Delay independent convergence criteria: state-dependent
switching law

In the perturbed switched linear time-delay systems (7),
if Ly(t,¢) = A,6(0) + Dyep(—7(t)), where 7 is constant
dealy, and ¢(0) = z(t + 6),0 € (—7,0). We have the
following switched time-delay system with the form

z(t) = Agx(t) + Dox(t — 7) + f5 (1),

¢o(0) =2(t +0), 0 € [t; — 7,1, (26)
z(0) = ¢,(0) =0, j=0,1,---.

g
3 5¢
= .
g‘) Ofs —_——

_5 Il Il Il Il
8 0 2 4 6 8 10

with convergent perturbation

g 5
@ s

_5 Il Il Il Il
“ 0 2 4 6 8 10

with bounded perturbation

% 2
o 1
| /
=]
5
- _1 Il Il Il Il
Z 70 2 4 6 8 10

Time(sec)

Fig. 1. The state of the perturbed switched time-delay system: average
dwell time method.

We have the following delay independent stability and
convergence criteria.
Theorem 3. For given positive constant > 0, if there exist
positive definite matrices P;, S, and scalars a;; > 0, (i,j €
N), such that the following matrices inequalities

=i P,D,
BRI -
hold, where
Si=AlP+ PA +nPi+ S5+ > (P - P),
J#i,JEN
if the system (26) is with the following switching law
o(t) = argmin{s” () Pa(0)} (28)

Then the system state of (26) is

(i) bounded if the perturbation f,(¢) is bounded;

(ii) asymptotically convergent if the perturbation f,(t) is
bounded and asymptotically convergent;

(iii) exponentially convergent if the perturbation f,(¢t) is
exponentially convergent.

Proof. The result follows from Theorem 1 if we can prove

that under the multiple Lyapunov functional switching law

(28), the nominal system of (26), i.e., the switched linear

time-delay system

z(t) = Agx(t) + Dyx(t — 7) (29)

is exponentially stable.
Design Lyapunov-Krasovskii functional candidate as

t
V(a(t) = 27 (1) Pyoyalt) + / 27 (8)e="1=5) §(s)ds.
o (30)

Obviously, the Lyapunov-Krasovskii functional candidate
is positive definite.

For any ¢t > 0, the jth switching instant is denoted by
t; (§ > 0). During any time interval [t;,t;41), suppose that
the ith subsystem is active. Let £(t) = [27(t), 27 (t — 7)] 4
Consider the time derivative of V(z(t)) along the trajectory
of (29), we have

Vi(z(t)) +nV(x(t))
—<7(0) | LB S B ),
According to the condition (27), we have
* —e~ 1S 00|’ (32)
where Hi = - Z CkiJ‘(Pj — R)
JALIEN

By virtue of the designed switching law (28), it follows
() Y (P — P))a(t) >0, Va(t) € R™.
JFLIEN
During [t;,t;41), when £(t) # 0, we easily get

V(o) + 1) <€ 0 [ o] o <o
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Thus, there holds

V(a(t) < —nV(z(t), (33)
During any [t;,t;41), (33) gives rise that
V(x(t)) < eIV (a(t))). (34)

In addition, by the switching law (28), at the switching
instant ¢;, we have
T () Pory(ts) < Jim a () Py (t),
L— ]
which implies V(27 (¢;)) <lim, ,- V(2 (t)), by induction
on tg, t1,--- ,t;, from (34) we get]

V(x(t) < e MOV (a(ty)).

Then we have [|(#)|[2 < 2arEE2arlS) c=nlt=to) |21 ) |2,
which implies exponential stab'fht}; of the nominal systems
of (29), i.e., the system (26). The remainder of the proof is
omitted since it follows the iterative steps of Theorem 1. O
Remark 5. The delay independent criteria we obtained
are based on the multiple Lyapunov functional switching
scheme. It is highly desirable that some subsystems are
allowed to be unstable, comparatively, time-delay systems
without switching scheme can not earn such property.
Example 3. Consider the perturbed switched linear time-
delay system (26) with

~1.5 —1.2 -05 05
A= [1.2 1 } » D= [0.1 0.4} ’

-25 1 —-0.3 0.2
Az = [ 1 —2.3} ) D2 = [0.1 —0.3} ’
and 7 = 0.9. For n = 0.4, solving (27) gives Lyapunov
functional (30) with

po— 17.9344 1.6235 P — 16.9512 6.4649
17 11,6235 33.9704|° "% T | 6.4649 23.0416]

and

o _ [34.5285 0.6258
~ [ 0.6258 32.0362] -

By multiple Lyapunov functional method provided by The-
orem 3, with the convergent perturbation f,(t) = e~ 5
and the bounded perturbation f,(¢) = sint, the stability
and convergence of the system (26) can be guaranteed, the
simulation results are depicted in Fig.2.

IV. CONCLUSION

In this paper, we investigate the issue of stability and
convergence of perturbed switched linear time-delay systems.
By introducing the Variation-of-constants formula, the condi-
tions of the stability and convergence of perturbed switched
linear systems with time-delay are established. Based on
the general result of perturbed switched linear time-delay
systems, under two different switching schemes, new delay
dependent and independent stability criteria for switched
linear systems with time-delay are developed. The numerical
examples show feasibility and validity of the results.

0 1 2 3 4 5 6 7 8 9 10
with convergent perturbation

convergent state

bounded state
(=}
~
L

_05 L L L L L L L L L
0 1 2 3 4 5 6 7 8 9 10

with bounded perturbation

switching signal
= —_—
-

Time(sec)

Fig. 2. The state of the perturbed switched time-delay system: multiple
Lyapunov functional method.
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