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Abstract

Finite-time boundedness and H., finite-time boundedness of switched linear systems with time-varying delay
and exogenous disturbances are addressed. Based on average dwell time (ADT) and free-weight matrix
technologies, sufficient conditions which can ensure finite-time boundedness and H., finite-time bounded-
ness are given. And then in virtue of the results on finite-time boundedness, the state memory feedback con-
troller is designed to H,, finite-time stabilize a time-delay switched system. These conditions are given in
terms of LMIs and are delay-dependent. An example is given to illustrate the efficiency of the proposed

method.
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1. Introduction

A switched system is a special kind of hybrid system,
which is composed of a family of subsystems and a
switching sequence orchestrating the switching between
the subsystems. Recently, switched systems have re-
ceived a great deal of attention, and commonly been
found in automotive engine control systems, network
control, process control, traffic control, etc. Many im-
portant progress and remarkable results have been made
on basic problems concerning stability and design of
switched systems [1-10]. For recent progress, readers can
refer to survey papers [11-13] and the references therein.
Many Lyapunov function techniques are effective tools
dealing with switched systems [14-17]. Average dwell
time and dwell time (DT) approaches were employed to
study the stability and stabilization of time-dependent
switched systems [18-20].

Time-delay, which is a common phenomenon en-
countered in many engineering process, is known to be
great sources of poor performance and instability. For
switched systems, because of the complicated behavior
caused by the interaction between the continuous dy-
namics and discrete switching, the problem of time de-
lays is more difficult to study [21]. The current methods
of stabilization for time-delay systems can be classified
into two categories: delay-independent and de-
lay-dependent stabilization [22-24]. In [25], by using free
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weighting matrix scheme and average dwell time method
incorporated with a piecewise Lyapunov functional, ex-
ponentially stability and L,-gain were analyzed for a
class of switched systems with time-varying delays and
disturbance input. In [26], the robust stability, robust
stabilization and H, control problems for time-delay
discrete switched singular systems with parameter un-
certainties are discussed.

Up to now, most of existing literature related to stabil-
ity of switched systems investigates Lyapunov asymp-
totic stability, which is defined over an infinite time in-
terval. However, in practice, one is interested in not only
system stability (usually in the sense of Lyapunov) but
also a bound of system trajectories over a fixed short
time [27]. The finite-time stability is a different stability
concept which admits the state does not exceed a certain
bound during a fixed finite-time interval. Some early
results on finite-time stability can be found in [28-30].
Finite-time stability and stabilization for discrete linear
system were investigated in [31]. In [32], finite-time sta-
bilization of linear time-varying systems has been dis-
cussed. It should be pointed out that a finite-time stable
system may not be Lyapunov asymptotical stable, and a
Lyapunov asymptotical stable system may not be fi-
nite-time stable since the transient of a system response
may exceed the bound [33]. So far, however, compared
with numerous research results about Lyapunov stability,
few results on finite-time stability have been given in
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literature about the finite-time boundedness switched
systems with time-delay. This motivates us to study in
this area.

In [27], finite-time boundedness and finite-time
weighted L,-gain for a class of switched delay systems

with time-varying exogenous disturbances is investigated.

In [33], the problems of finite-time stability analysis and
stabilization for switched nonlinear discrete-time systems
are addressed, and then the results are extended to H,
finite-time boundedness of switched nonlinear dis-
crete-time systems. In [34], finite-time stability and sta-
bilization problems for a class of switched linear systems
were studied, and the state feedback controllers and a
class of switching signals with average dwell-time have
been designed to stabilize the switched linear control
systems.

However, to the best of authors’ knowledge, there is
no result available yet on finite-time stability of switched
systems with time-varying delay. Thus, it is necessary to
investigate finite-time stability and finite-time bounded-
ness for a class of switched linear systems with
time-varying delay, which is an important property for
switched system. Our contributions are given as follows:
1) Definitions of finite-time boundedness and H, fi-
nite-time are extended to switched linear systems with
time-varying delay. 2) Sufficient conditions for fi-
nite-time boundedness and H, finite-time boundedness
of switched linear systems with time-varying delay are
given. 3) A set of memory state feedback controllers are
designed to guarantee the closed-loop switched system
with time-varying delay H,, finite-time bounded.

The paper is organized as follows. In Section 2, some
definitions and problem formulations are presented. In
Section 3, based on ADT technology and LMIs, suffi-
cient conditions which ensure finite-time stability of
switched linear systems with time-varying delay are
given. In Section 4, sufficient conditions which guaran-
tee the switched system has H,, finite-time are presented.
In Section 5, a set of memory state feedback controllers
are designed, which can guarantee the closed-loop
switched system H,, finite-time bounded. Finally, an
example is presented to illustrate the efficiency of the
proposed method in Section 6. Conclusions are given in
Section 7.

Notations: The notations used in this paper are stan-
dard. The notation P > 0 means that P is a real symmetric
and positive definite; the symbol “*’ within a matrix
represents the symmetric term of the matrix; the super-
script “T” stands for matrix transposition; R" denotes the
n-dimensional Euclidean space; / and 0 represent the
identity matrix and a zero matrix, respectively;
diag{---} stands for a block-diagonal matrix. A, (P)
and A, (P) denote the maximum and minimum ei-
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gen-values of matrix P, respectively; Notations ‘sup’ and
‘inf” denote the supremum and infimum, respectively.

2. Preliminaries and Problem Formulation

In this paper, a switched linear system with time-varying
delay is described as follows:
(1) = A, () + Ada(t)x(t —d(1))+ By (1)+Go(t)
z(t)= Co'(t)x(t)+Dfr(t)u (1)+ Eo'(t)a)(t)
x(1)=op(t) te[-7,0]

)
where x(¢)eR" is the state, u(z)eR" is the control
input, z(s)eR" is the measurement output, Ay »
Aioy > Boty » Goy » Coy » Doy and  E,,, are real
known constant matrices with appropriate dimensions,
o(t) is the continuous vector valued function specifying
the initial state of the system, @(¢) is the time-varying
exogenous noise signal and satisfies Assumption 1,
o(t):[0 w)—>I={1,2,---,N} is the switching signal,
corresponding to it, the switching sequence
{xo;(i()ato)>(i1at1)""=(ikatk)""=|ik e[,k=0,l,~~-}
means that the i, th subsystem is activated when
teft,,t,.,). d(t) denotes the time-delay satisfying
Assumption 2.

Assumption 1. The exogenous noise signal is time-
varying and satisfies

[To" (t)o(t)dt<d, d=>0. )

Assumption 2. The time-varying delay satisfies
0<d(t)<z, d()<h<l. (3)

Remark 1. It should be pointed out that the Assump-
tion 2 about time-varying delay d(¢) in this paper is dif-
ferent from that of [27], where the time-delay is constant.
In [33], the concept of finite-time boundedness and H,,
finite-time boundedness for discrete switched system
were proposed. In this paper, we extend the definitions to
continuous switched linear system with time-varying
delay. First, the following three lemmas are presented,
which play important roles in our further derivation.

Lemma 1 [35]. The linear matrix inequality

S, S
S:[ " 12}<0, where S, =S/ and S, =S), are
821 SZZ

equivalentto S, <0, S, -S,,S5,S], <0.

Lemma 2 [36]. For any7T>¢>0, let N_(¢,T) de-
note the switching number of o(¢) over (¢,7).If
N, (t,T)<SNy+(T-t)/z, )

holds for and an integer , then is called an average
dwell-time.
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Lemma 3 [37]. For given symmetrical matrix X,
P+X P-X
[ ! §1}>0 and [ : %}>Oare satisfied

k k
1 2
simultaneously, if and only if the following inequality
holds

R+ph O 0,
* R 0|>0 (5)
* * Rz

Definition 1. (Finite-time stability) Switched system
(1) with u(r)=0 and w(t)=0 is said to be fi-
nite-time stability with respect to (5,5,Tf,d,R,G),
where 0<0<¢ andd >0, R is positive definite matrix
ando(f)is a switching signal. If x"(¢)Rx(¢)<e,
Vite [O, T/] , whenever sup___,., {xT (H)Rx(a)} <5.If

the above condition holds for any switching signal o(¢),
system (1) is said to be uniformly finite-time stability
with respect to (5,8,T/-,d,R) .

Remark 2. As can be seen from Definition 1, the con-
cept of finite-time stability and Lyapunov asymptotic
stability are different. A Lyapunov asymptotically stable
switched system may not be finite-time stable if its states
exceed the prescribed bounds.

Remark 3. The meaning of “uniformity” in Definition
1 is with respect to the switching signal, rather than the
time, which is identical to that of [11].

Next, the definitions of finite-time boundedness and
H,, finite-time boundedness for switched system with
time-varying delay are introduced.

Definition 2. (Finite-time boundedness) Switched sys-
tem (1) with u(¢)=0 is said to be finite-time bound-
edness with respect to (5, &T;,d,R, o-) , Where
0<o<¢ and d =0, R is positive definite matrix and

o(t) is a switching signal. If x'(7)Rx(f)<e ,
Vte[O,Tf], Va)(t):'[OT"a)T(t)a)(t)dt<d , whenever

SUP._pe { X" (0) RX(0)} <5 .

Definition 3. (H., finite-time boundedness) Switched
system (1) with u(t)EO is said to be H,, finite-time
boundedness with respect to (9,¢,7;,d,R,0), where
0<o6<¢e,d>20, y>0, R is positive definite matrix
and o(¢) is a switching signal, following conditions
should be satisfied:

1) Switched system (1) is finite-time bounded.

2) Under zero-initial condition(7)=0, Ve[-z,0],
the output z(¢) satisfies

[/ 2" (6)z()de <[ o () oo(e) dt.

In this paper, the main purpose is to find sufficient
conditions, which can ensure the finite-time boundedness

(6)
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and H,, finite-time boundedness, and apply these condi-
tions to design H., finite-time stabilizing controller.

Remark 4. Definition 3 means that once a switching
signal is given, a switched system is H,, finite-time
boundedness if, given a bound on initial state and a H,,
-gain y, the state remains within the prescribed bound
in the fixed finite-time interval.

3. Finite-Time Stability and Bounded
Analysis

In this section, we focus on finite-time boundedness of
switched time-delay system (1) with u (t) =0, that is

3(t) = Ay x (1) + A3 (1=d (1)) + Gy 00(1),
x(t):(p(t) te[—z’,O]
Now, let us discuss the finite-time boundedness of

switched time-delay system (6). For a symmetric positive
definite matrix R e R™", it is easy to verify that R can

T
be factorized according to R:(R”z) (R”z), where

t>0

(7

R"* s also a symmetric positive definite matrix.
Theorem 1. For any iel , let P=R"PR",

0. =RVQR", S, =R"S,R". Suppose that there exist
matrices 2>0, 0,>0, §,>0, W,>0, N, N,, ,
X, X,
X :{ M 12"}20 and
* X

: constants ¢, 20, f=0
22,0

such that
Qll QIZ Ql3
Q=] * Q, Q,[<0 ®)
* 933
Xll,i X12,i Nl,i
Y= * X22,i Nz,i >0 ©)
* * e*a[TSi

(12+rem%3)5+remf/14ﬂ+dspp(ﬂm(W,.))<ﬂ1e*“ff-fg (10)

where
Q,=A'R+PA~aR+Q+T4/SA+N, + N, +7X,, ..
Q,=PA4,+74'S,4,—N,,+N,,+7X,,,,
Q,=PG +74'SG,
Q,=—(1-he*Q +7A4.SA, - N, — N;l. +7X,,,,
Q,=74.SG,
Q. =1G'SG,—W,.

If the average dwell time of the switching signal satis-
fies
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_ Tylnu (11)
ln(ﬂ]e;)—ln(/i2 + Tem’ﬂg)é-i- e L, p+v
then the switched systems is finite-time boundedness
with respect to (6,3,Tf,d,R,a) , where u2>1,
U:dsup(/i (Wi))—aT—Noln,u, f’iﬁ,uf’j,

‘max

Q<,qu, S’S,uS’ Vi,jel , a= maxlel{a},
A=int n (B)) 2= {2 (R
A=54{2 (Q)) s A= {4 (S)-
Proof. Choose a Lyapunov-like function as follows
V(t) =V (6) =V, (1) + Vo, () 473, (1) (12)
where
V(1) =x" (1) Bx (1),
V(t)=] e 5" (5)0x(s)ds,
(=[] e"i" (5)S5(s)dsdo.

When 1€z, ,1,,,), taking the derivative of ¥(t) with
respect to ¢ along the trajectory of switched system (7),
we have

+xT(t—d(f))A£Bx(t) (13)
+x" (t)PA,x(1—d (1))
+a' (1)G/ Px(t)
+x" (1) PG(1)
V. (£) = a by, (£)+x" (1) Ox(t)
(1) (i=d(n)ex(-d()
<al, ()+x" (1)0x(1)
—(1=h)e*x" (t-d(t))Qx(t—d(t))
V() =ali, (1) + 25" (1)S,5(1)
J' e’ (t+0)Sx(t+6)do 15)

<a, (1)+ 2 (1)3,4(0)
e (5)5,6(s)ds
From the Leibniz-Newton formula, the following

equation is true for any matrices N,,, N,,, (iel)
with appropriate dimensions
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o ¥ () (i~ (s))]m"

o) =a{e=d(0) [, i(s)ds |0

For any matrices X, >0,
dimensions, we have

()X (0)=[, o ()X (s)ds =0 (17)

where 7, (1)=[x" (0)x" (1-d(1))] .
Then, it follows from (13)-(17) that
V(t)-aV (t)=V,(t)+V,, () +V;, (t)-aV (1)
() [Te, @, o, x()
<|x(t-d(1)) Q, Q| x(t-d(1))
)

(iel) with appropriate

(1) * *Qy w(t
—J’ti[e*“'<5*’>xT (S) Sl.fc(s) ds
[ ()N, +x7 (1=d (1)) N, ] (18)
x[" s X (5)ds

[ o () X, (5)ds+ o (1) Wo(0)
<772 ( )9772( )
0] (6,)¥n, (1,5)ds + o (1)W0(1)

t-d(1)

Assuming conditions (8) and (9) are satisfied, we ob-
tain

V(t)-aV(t)<o"

By calculation, we have

(t)W(1) (19)

V(r)< e%(’“(Hk)Va(rk) ()

U agylt=s) 1 (20)
+Lke e (s)W;(tk)a)(s)ds
Since p>1 , 13,.S,ul3j, QS,qu, §i£y§j and
P=R"PR"”, 0 =RVQOR", S =R"SR", then
B<ub, O <uQ,
C @1
S;suS,, Vijel

Assume that o(7,)=i and o-(t,; ) =j at switching
instant ¢, . According to (19), we obtain

Voo (1) < yVG(t;) (z;) (22)

For any fe (O, f), let N be the switching number of
o(t) over (0, T). Using the iterative method, we have
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V(t)<e” u™V,,(0)
" J.t1 0" ()W, gy (s)ds
w7 e " ()W (s)ds
e () 000
= 1"V (0) (23)
e (),
<e™ 1V ) (0)

+.[0teaT’ﬂNa)T ()W, o(s)ds

o

< T N (VG(O) (0)+dsup(/"tmax (7, )))

iel

(sds

O’(fk)

where o =max,_ {¢,} .
Noticing that N <N, +7, /z, , then

V(e)<e™ " (1, (0)+dsup (A (7)) (24)
On the other hand,
V(t)=x" (t)Px(t)=x"(t)RVPR"x(t)
inf {4, (B)) 27 (1) Re(r) = 2" (1) R (1)
(0)+]° & x" (5)Q,pyx(s)ds
+IO J'Oe"”)'cT (s) SJ(O)X(s)dsdH

s (B 27 (0)

+re™ A, ( ) sup

—7<6<0

(25)

V

= ((0) (O) <x' (O)Pa(o)x

(26)

+re™ A, ( ) sup

~7<6<0
< </12 + 76’“/13)5+ e 1,

Taking (24)-(26) into account, we obtain

X (1) Re(1)

(4 +Temﬂ3)5+re’”l4ﬂ+dsg}:)(ﬂm (m)) 27

ﬂl eaT/v ﬂNO Tyt

1) When u =1, from (10),

<

M (Rx(t)<eM e e=¢ (28)
2) When u>1, from (11),

T In 4
7, In(Ae)- ln(ﬁ2 + rem"/?g)5+ e L, B+v
Substituting (29) into (27) yields

29)
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x’ (t)Rx(t)<g (30)

According to definition 2, we can conclude that the
switched time-delay system (6) is finite-time bounded
with respect to (6,¢,7,,d,R,0). The proof is com-
pleted.

Remark 5. In the proof of Theorem 1, there is no re-
quirement of negative definitiveness on ¥ (¢), which is
different from the classical Lyapunov function for
switched systems in the case of asymptotical stability. In
order to reduce the conservatism of the theorem condi-
tions, free-weighing matrix method is introduced. When
4 =1, one obtains 7, in other words, there is no restric-
tion on the average dwell time for switching signal.

When the time-varying exogenous noise signal
a)(t) =0, the results about finite-time stability can be
obtained and given in the following corollary.

Corollary 1. Assume that the switched time-delay
system (6) satisfies u(#)=0 and (7)=0. For any

iel,let P=R"PR"”, 0 =R"QR",
S, =R"*S R . Suppose that there exist matrices P >0,

A o ‘Xllj ‘X12j
0>0. §>0. X,=") “"20. N, N,

1
22,

and constants «, 20, >0 such that

Y, Y
Y= " "l<o (31)
* Y}Z
‘Xalj ‘XHZJ ]\qj
Y=/ * X, N, [>0 (32)
* * g rs

(4 +ze™ )5 +re™ LB < e & (33)
where
Y, =A'P+PA -aP+0Q +14S 4
+N,, + N +7X),,,
Y,=BA,+7A S, 4, - N, +N,, +7X,,,,
Yy, =—(1-h)e"Q +74;S,4,— Ny, — N, , +7X,, .
If the ADT of the switching signal o satisfies
T, >T,
B T Inu 34)
In(4&)-In ((/12 + z’em‘ﬂg)é# rem"/14/3)—
then the switched system is finite-time stability with re-

spect to (5 &7, R, O'), where v =al, +N;Inu ,

pu=l, P<uP ., O <uQ,, S,<uS,, Vijel,

i

a=max,, (e}, A=inf, {4 (B)},
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A, =sup,, {ﬂ’max (131)} s Ay =sup;, {ﬂ’mfm ( ~i)} >

Ay =sup,, {ﬂ’max (Si )} .

Remark 6. It is easy to find that some differences be-
tween Lyapunov asymptotical stability and finite-time
stability. Conditions (33) and (34) must be satisfied for
finite-time stability, which is not necessary for asymp-
totical stability. Thus, the two concepts are independent.
However, in previous research, there are few results on
finite-time stability, which needs our full investigation.

4. H. Finite-Time Boundedness Analysis

In this section, we discuss H,, finite-time boundedness of
switched time-delay system (1) with u(¢)=0. First,
consider the following switched time-delay system

3(1) = Ay x () + Ao x (1 =d (1)) + G,y 0(t)

2(1) = Cox (1) + Eyp(t) (35)
x(t):q)(t) e[-7,0]
Theorem 2. For any iel , let R:RV2[~;RI/2 ,

0. =RVQR", 5 =R"SR". Suppose that there exist
matrices 13, >0, Q. >0, §,. >0,

i % X Li»

22,i

X]l,i Xz
X = >0, N, N ;and constants ¢, 20

and y >0 such that

Qll + CiTCi QIZ Ql3 + CiTEi
* Q, Q, <0 (36)
* * -y’ 1+7G'S,G,+E]E,
Xn,i Xlz,i Nl,i
X, N, [>0 (37
* * e—“:’TSi
7 2 -aTy
e L,f+yd<le e 39)

If the ADT of the switching signal o satisfies

. T, Inu
T,>7, = : (39)
ln(@e)—ln(;/zd)—oﬂ}—No In u

then the switched systems is H,, finite-time boundedness
with respectto (0,¢,7,,d,R,0), where u>1,

. O<uQ;, §,<uS;, Vijel,
o =max,, {06 } , A =inf,, {;Lmin (é)}’

A, =sup,_, {/Imax (131)} s A =supy { (Q )}
2y =5, {2 ()]

P<u

Copyright © 2011 SciRes.
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Proof. Assuming condition (36) is satisfied, then we
obtain

11 QIZ Ql3
* QZZ QZ3
* x4+ 1G'SG
(40)
clc, o C'E
+ * 0 0 [<0
* * EI'E
Since
c’c, o C'E| [T
* 0 0 |[=|0]|[C 0 E]x0 (41)
* * E'E| |E
which implies that
Ql] QIZ Q]}
Q, Q, <0 (42)
* *  —I1+1G/S.G,

From Theorem 1, conditions (37)-(39) can ensure that
the switched time-delay system (35) is finite-time
bounded with respect to (0,&,T f,d ,R,0).

Next, we will prove condition (6) is satisfied under
zero initial condition. Choose the following Lyapunov

function V¥ (¢)=V,(¢)=V,,(t)+V,,(t)+V,(¢), where
Vilt)=x (t)Bx(t),
V(1) = I ” T( )0 (s)ds,
Vi ()= [ &5 (5)8,5(s) dsde.

When ¢ €(t,,1,,,), by virtue of (36), we can obtain

) fk)V (,A)(tk)

+J-t %) (1= ”(}/ZQ)T(S)Q)(S) z (S)Z(S))ds (43)

I

1) o
= ) e

Since p>1 , P,S,uﬁj, Q[S,qu,
RZBR"™ , O =RVQR" , S =R"SR" , then

r=
F<pP,0 <pQ;,S, <uS;,Vi,jel. In what follows,

V() <e ™

I (s)ds

S < yb:j and

assume that o(f,)=i and o-(t,: )= j at switching

. We have
Voao (8) S 07 (5)

Since o= m%x{ .}, then it follows from (43) and (44)
that -

instant ¢,

(44)
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a(tft n _
V(t) <e k)VO'(tk) (tk) ) Da(t) = Da(t)sza(t) .
+ ; S (s) ds From condition (36), we have
& — _ S
. . El] E]Z RGI AiT CiT
When ¢ €(0, Ty), let N be the switching number of o(¢) _ _
S . . * = 0 AT DT
over (0, 7y). Using the iterative method, we have s di i
h a(t-s) * * _72[+E[TEi GfT 0 (<0 D
V(t)<e” u™V, 4 (0)+u J ['(s)ds % * st 0
+u! 2 g#l=s) F(s)ds 4 | * * * * -1 |
4
+ : RGN (S) ds where
k _
:emﬂNVa(O)(O) (46) g, = 4_R+PA - F+Q+N,;+N ,+7X,
EIZZRAdL Nl,[+N2T,f+TX121’

+J‘; ea(!—x)luNU(s,t)r (S)dS

< edT/luNVO'(O) (0)
. According to Lemma 3, (37) and (51) are equivalent to
aly N . . .
+j0 ™/ 1T (s)ds the following inequality
Under zero initial condition, (46) implies _(91 . 9, PG, ZI.T -TN,, C’iT ]
>T nT
0< V J‘ ean NF( )dS (47) * @22 0 Adi _TNZ,i Di
. * ox I+ E'E G 0 o1,
that is k% * 'S 0 0 )
L: e N0 ST (s)z(s)ds ok * * -te S, 0
aT, (91) r ( ) ( )d (48) * k % * * -
< Yo (s)w(s)ds - -
7 f (52)
Setting ¢ = T, we obtain where
Ty T, _ —
L @)z()as <ol (s)o(s)as (49) ©,=AP+Pd-ap+Q+N,+N].
Therefore, according to Definition 3, the proof is com- 0, = R‘Zdt Ny +N. zT,za
pleted. ©,, =—(1-h)e“"Q,—N,, - N;,.

S. Finite-Time Stabilization P 0
For matrix Inequality (52), let M, = NIT N |
In this section, the static state feedback controllers are Li 2i

designed. Based on the results in the previous section, the - |4 4,
closed-loop system H,, finite-time bounded with respect - 7 -1l then
to (0 &T,;,d,R,0) can be ensured by memory state
feedback controllers u () =K, x(t)+K,x(t—d(r)) . 0, 0,] -, .-
Applying the memory state feedback controllers into [ ¥ © }:Az M, +M; 4
switched time-delay system (1), we can obtain the 2 (53)
closed-loop switched system as follows _{QI- —-a,h, 0 }
_ — 0 —(1=h)e™

£(0) = 70 (0)+ Ay 3= () (1) (1=k)0

2(t) = C (1) + Dy x(t=d () + E () (50) L { P 0 } nd

x(t)=¢(t) te[-r,0] oLy Ly

. 0 O . .

where Z e Ag(,) +Bg(,)K1,G(,)s T =diag {M LS T } . Pre-multiplying Equation (52)
_ — by 7" and post-multiplying Equation (52) by 7, we
Aiot) = Aaoty T BotKaotn > Coty = Coty * Pt Kiopy» have
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where

6, 6, G, 05
0, 0 piQ;l Zz;
* *x  I+E'E G
* * * _T*I Sljl
* * * *

* * * *

0 0,
-7l piQ;lEiT
0 0
0 <0 (54)
—1'670”151._l
* -1

0, =B AT +E0 Ay + AR+ EA, 07 + BTOR o B =& (1-h)e™ Q!
‘912 = 371 - é:iQ;l + piZdiQ;l - pié:i (1 - h) eaiTQ;l

922 _zpiQiil - p’2 (1 - h)eaiZQ;]
6, =F'A +£0]' 4,

1 1

‘914 =P'Cl + é:iQi_IEiT

i i

where L, = EZ,'Q;] s Ly, :/’),'Qiil > ((:En P ER, p # 0) .
Denote R=F"', §=5". 0=0". Y,=K ",
Y,,=K,,0 ", By Schur complement (Lemma 1), we can

obtain the following Theorem.

‘o €n G, €13
ey 0 &3
* x4 E'E G
* * * _T—1§i
* % * *

* % * *
® % * *

e LB+ 7 d < Ae e (56)

where
n = F[AiT + Afﬁ[ + ";QA; + giAdiQi + Y]ZBI'T +BY,
+ GZ[YZC'B,‘T +&BY,, - ar‘ﬁ[ - fiz (1 - h) ea'TQ,
& = E - ":IQ + piAdiQi +pBY,, - pg (1 - h)eaiTQs
3 = ﬁszr + éQAde + Y;ZB,'T + ginzC‘Bira
&y = F[CfT + Y],CDI'T + éYZfD,'T,
Ep = _ZPiQ _piz (1 - h)eaiTQ',
&y = piQA; +pY, B
If the ADT of the switching signal o satisfies

. T, In
- Vidad (57)

‘" ln(ﬂqe)—ln(yzd)—an—No In

then the memory state feedback gains X,, =Y, ,P"' and

Tﬂ

Copyright © 2011 SciRes.

Theorem 3. For given y>0, £e€R, 0#p eR.
Suppose that there exist matrices 2 >0, O, >0, S, >0,
Y,, Y, and constants @, >0, >0 and such that

the following conditions are satisfied Vie/

0 €14 P
-7l piYZY:iDiT 0
0 0 0
0 0 0 |<0 (55
~7e”“" S, 0 0
* -1 0
* * _Qi i

K, = YZ,IQ’I ensure closed-loop switched time-delay
system (50) H, finite-time bounded with respect to
(0.6,7,.d.R,0).

Remark 7. In Theorem 3, & and p, are adjustable
parameters. By virtue of the method in [38], these pa-
rameters can be obtained.

Remark 8. It should be pointed out that the conditions
in Theorems 1, 2, 3 and Corollary 1 are not standard
LMIs conditions. However, once some values are fixed
for &, , these conditions, i.e., (10) and (38) can be trans-
lated into LMIs conditions. As in [27], (10) and (38) can
be rewritten in the following forms

1) The condition (10) can be guaranteed by the fol-
lowing LMI condition, that is, for anyi € I, there exists
some positive numbers «;, x,, k;, k, and &, such

that

Kl <P <l (58)
0<0 <l (59)
ICA
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0<S, <x,1 (60)
0<W, < (61)
(K'2 +7e™ Ky ) S+rei,frdr, <ke e (62)

2) The condition (38) can be guaranteed by the fol-
lowing LMI condition, that is, for anyi € I, there exists
some positive numbers x,, k,, k; and x, satisfying
(58)-(60) such that

. —o;T,
(., +7en ) S+ re™ Kk, B < e e (63)

6. Numerical Simulation and Results

In this section, for given¢and iz, an example is em-
ployed to verify the method proposed above. Consider a
switched linear system with time-varying delay as fol-
lows

2(1) = A, x () + Ay (1 —d(t)) +G,,o(t)  (64)

-17 17 0 1 -1 0
with 4 =13 -1 07|, 4=[07 0 -06],
07 1 -06 17 0 -17
15 -17 0.1 1
A,=|-13 1 -03|, G=| 1 |,
0.7 1 06 1
0.7 -1 0 o1
x()=| 0 |, 4,=[13 -0.1 06|, re[-h0],
0 15 0.1 1.8

G, =G, 7=02, h=0.02.

The values of &, 7,, d and R are selected as
follows:

6=05, T,=10, d=001, R=I, =005,
£ =0.01.

When u4=2 and ¢£=30, by virtue of Theorem 1,
one obtains 7, =2.4659 . For any switching signal
o(t) with average dwell time 7, >7,, switched linear
system with time-delay is finite-time bounded with re-
spect to (0.5, 30, 10, 0.01, 7, o). The state trajectory over
0~10 s under a periodic switching signal with interval
time AT =2.5s is shown in Figure 1. It is obvious that
switched linear system (64) is finite-time bounded. The
state trajectory over 0 ~ 10 s under a periodic switching
signal with interval time AT =2s is shown in Figure 2.
As can be seen from figure 2, switched linear system (64)
is not finite-time bounded any more.

7. Conclusions

In this paper, unlike most existing research results fo-

Copyright © 2011 SciRes.
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Figure 1. The histories of the state trajectory of switched
system under a periodic switching signal with interval time
AT =2.5s.

Trajectories

Timels

Figure 2. The histories of the state trajectory of switched
system under a periodic switching signal with interval time
AT =2s.

cusing on Lyapunov stability property of switched
time-varying delay system, we mainly discuss finite-time
boundedness and H, finite-time boundedness of
switched linear systems with time-varying delay. As the
main contribution of this paper, sufficient conditions
which can guarantee finite-time boundedness and H,,
finite-time boundedness of switched linear systems with
time-varying delay are proposed. And then based on the
results on finite-time boundedness, the memory state
feedback controller is designed to H,, finite-time stabilize
a switched linear system with time-varying delay. An
important and challenging further investigation is how to
extend the results in this paper to uncertain switched
systems and switched nonlinear systems.
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