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Robust Finite-time Extended Dissipative Control for a Class of Uncertain

Switched Delay Systems

Hui Gao, Jianwei Xia*, and Guangming Zhuang

Abstract: This paper investigates the problem of finite-time extended dissipative analysis and control for a class
of uncertain switched time delay systems, where the uncertainties satisfy the polytopic form. By using the average
dwell-time and linear matrix inequality technique, some sufficient conditions are proposed to guarantee that the
switched system is finite-time bounded and has finite-time extended dissipative performance, where the H.., L, — Lo,
Passivity and (Q, S, R)-dissipativity performance can be solved simultaneously in a unified framework based on the
concept of extended dissipative. Furthermore, a state feedback controller is presented to guarantee that the closed-
loop system is finite-time bounded and satisfies the extended dissipative performance. Finally, a numerical example
is given to demonstrate the effectiveness of the proposed method.
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1. INTRODUCTION

In the last decades, switched systems have received
considerable attention for their significant application in
various fields [1-5]. Switched system is a special class of
hybrid system, which consists of a finite number of sub-
systems and a logical rule that orchestrates switching be-
tween them. It is well known that time delay exists widely
in many practical systems and may cause undesirable sys-
tem performance or even instability [6]. Thus, great atten-
tion has been paid to switched delay systems in literatures
[7-10]. For example, for several switched delay systems,
the problem of stability and robust stabilization were con-
sidered in [8,9]. [7] focused on the study of H., control. It
should be noted that, all the above literature related to sta-
bility of switched systems focus on Lyapunov asymptotic
stability, which is defined over an infinite time interval.
However, in practice, the transient performance of a sys-
tem is also of great significant. And numerous finite-time
analysis and control for different switched systems were
presented in recent literatures [11-14]. Specially, finite-
time boundedness and L,-gain analysis for switched de-
lay systems was investigated in [11], robust finite-time H..
control was addressed in [12], etc.

On the other hand, an important concept named ex-
tended dissipative was firstly proposed by Zhang in [15].
The novel feature of the concept is that by adjusting

weighting matrices, the extended dissipative covers some
well-known performance indices such as H., performance,
L, — L., performance, Passivity performance and (Q, S,
R)-dissipativity performance. Recently, the concept of ex-
tended dissipative concept has been effectively applied to
several neural networks in reports [16-19]. To the best
of our knowledge, the extended dissipative concept has
not been applied to switched systems yet, and based on
above discussion, finite-time analysis for switched sys-
tems is worth researthing. Can we design the controller
for a class of switched time delay systems to make the
closed loop systems be finite-time extended dissipative?
This question is interesting and has not been investigated
yet, which motivates our current study.

This paper is organized as follows: In Section 2, Pre-
liminaries and Problem Statement are formulated. In Sec-
tion 3, finite-time boundness and finite-time extended dis-
sipative performance for switched delay systems are ad-
dressed, meanwhile, state feedback controllers are pro-
posed in terms of a set of linear matrix inequalities. In
Section 4, a numerical example is provided to show the
effectiveness of the proposed approach. Finally, conclu-
sions are given in Section 5. The most notable contribu-
tions of this paper can be summarized as follows: 1) The
concept of extended dissipative is successfully applied to
switched systems. 2) We addressed the problem of finite-
time extended dissipative analysis and control for a class
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of delayed uncertain switched systems, where the uncer-
tainties satisfy the polytopic form. 3) We create a novel
designed controller method to deal with the polytopic un-
certainties.

2. PRELIMINARIES AND PROBLEM
STATEMENT

Consider the following uncertain switched system with
time delay:

X(t) = Ag(X(t) +Bo(nx(t — h(t)) + Dg(yw(t)
t
+EG(,)M(I) —|—Go-<,) /ti mx(s)ds,

2(t) = Foux(t),
x(to+0) = ¢(8), V6 € [~1,0], (1

where x(¢) € R" is the state vector, u(r) the control input,
w(t) the exogenous disturbance which belongs to L [0, )
,z(t) € R" the output. The switching signal &(z) : [0, ) —
M = {1,2...1} is a piecewise continuous function, where
[ is the number of subsystems, () = i means that the
ith subsystem is activated. For each o(z) = i, the matrix
parameters A;, B;, D;, E;, F;, G; belong to the following un-
certainty polytype:

p
[A;,Bi,Di,E;, F;,Gi| = Y 6;[A;;,Bi;,Dij . Eij . Fj, Gijl,
=1

V4
Y6,=1 62>0, 2
=

where 0;(j € {1,2...p}) are time-invariant uncertainties,
¢(0) is the initial condition, A(z), r(t) denote the time-
varying delay and satisfying

0<h(t) Shp, h(t) <h <1, 0<r(t)<rm. (3

Assumption 1 [11]: For a given time constant Ty, the
external disturbance satisfies

T,
/ "W (Ow(t)di < d, d>0.
JO

Assumption 2: For a given time constant T, the state
vector x(t) is time-varying and satisfies the constraint

/ " Ox(0)dr <k,
0

where k is a fixed sufficient large constant number.
Assumption 3 [15]: Matrices v, Y, W3, Yy satisfy the
following conditions:
Dyi=yl <0ys=vy{ >0,ys =y >0;
2) (lvill+ [lwal)) wa = 0.

, and Guangming Zhuang

Assumption 4: For Voo > 0, u > 1, Vr € [0,T}], we
have

em,LLN"(O"t) <b

7

N5 (0,1) denote the switching number of o(z) over (0,¢),
and b a positive number.

Definition 1: [11] Given three positive constants
c1,¢2, Ty with ¢; < ¢z, a positive definite matrix R and a
switching signal o(r), assume that p(r) = 0,Vr € [0,T7],
switched system (1) is said to be finite-time bounded with
respect to (c1,¢2,R, Ty, 0), if Vi € [0,Ty],

nggLO{ xT(0)Rx(8),x" (0)R(0)} < ¢

= x"()Rx(t) < ¢s.
If the condition above holds with w(z) = 0,Vr € [0, T;], the
system is said to be finite-time stable.
Definition 2 [11]: For any 7, > T} > 0, let Ny(T1,T3)
denotes the switching number of o (¢) over (T1,T3). If

L—-T

Nos(Th, o) <Ny +

a

holds for 7, > 0 and an integer Ny > 0, then 7, is called
an average dwell-time. Without loss of generality, in this
paper we choose Ny = 0.

Definition 3 [15]: For given matrices yi, ¥,, Y3 and yu
satisfying Assumption 3, system (1) is said to be extended
dissipative if the following inequality holds for any 7, > 0
and all p(r) € L,[0,00):

T,
[ awar= sup @z = 0, 4

0<t<Ty

where J(t) = 27 (1) yz(t) + 227 (t) yaw(t) + w! (1) yaw(2).
Lemma 1 [16]: For any real matrices a, b of appropri-
ate dimensions, we have 2a”b < a’a+ b7 b.

Lemma 2 [13]: For any positive definite symmetric
matrix N € R"", scalar T > 0 and a vector function x(-) :
[—7,0] — R" the following integral inequality is satisfied

fT/t;xT(s)Nx(s)ds < —/t;xT(s)dsN/t;x(s)ds.

3. MAIN RESULTS

3.1. Finite-time boundedness analysis

Consider the following unforced switched system with
time delay

X(l) = A(,(t)x(t) + B(,(,)x(l — h(l)) + DU<,)W(I)
t
JrGG(,)/ x(s)ds,
t—r(t)

z(t) = Fox(t),
x(to+6) = 9(6),V0 € [T,0). (5)
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Theorem 1: Consider system (5). For given positive
scalars o, h,h,,,r,, if there exist positive definite sym-
metric matrices B, 0;,M; and matrices N; and Y i1 with

Yjj =Y}, j=1,2...,p,l = j,..., p with appropriate dimen-
sions, such that
@l(” <ij,j—12 P ©)
0 vol) <y +vl j<lji=12.p, (D
Yu Yoo - Y

x Yo o Yy
.1 =0 (®)

* *
* * x Y,

(A + hype™m A5 + Fme® ™ Ag)c1 + Agd < cydie T,

&)
the average dwell-time satisfies
T, > T,
_ Tylnu
In(Aicy) ’
— ln[(lz + hmeah’" Az + rpe®m )u4)C1 + z.sd]
— Ole
where (1 > 1 satisfies
P < ub;,0; < nQ;j,M; < uM,;,vi, j € M. (10)
And
P =R:PR®,0,=R:Q;R* ,M; = R*M;R*,
where
p
[P, Qi M, 29 P;,Qij,M;j], ) 6;=1,6; >0,
j=1
and
P;=R*PjR*,0;j = R>QyR* . M; = R*M;;R".
Furthermore,
(J) p p
7 P,jB;; B;D;; PGy
e _ | * ~—(- h)Qij 0 0
i * * —N; 0 ’
M;;
* * * —

=

i = — P+ PjAij+ AP+ Qij+ ruMij,

e PyB;; PiDij PyG;

oW _| * —(=-@ 0 0
i * * —N; 0 ’

i ~ _
¢1({):_a})il+PilA1]+A Pll+Qll+rm ily

o1 P, iBit PDy PGy

oW _ | * —(1=mG&; 0 0
i * * —N; 0 ’
M;;
* * * -3
W= —aB+ ByAy+ AL By + Qi+ rubli,
and
lmm( ) 247 A'ma)c( 1) 127 max(Qi) = )L3a
Amax( ) )‘4a ﬂvmax( 1) 2f5 (]1)

Then switched system (5) is finite-time bounded with re-
spect to (c1,¢2,d,R,Tf,0).

Proof: Choose the Lyapunov-Krasovskii functional
candidate as

)= V]i(t) +V2i(t) +V3i(t),

(12)
where
Vii(t) = x" (1) Px (1),
Valt)= [ T ()0 ds,
t—h(t)
Vai(t / / =) T (s)Mix(s)dsde, (13)
—Iy JI+E

in which « is a given scalar and P, Q;, M; are positive def-
inite matrices to be determined.

Taking the derivative of V (¢) with respect to ¢ along the
trajectory of system (5) yields

)
1
—/ =T (5)Mix(s)ds
t—r(t)
< aVsi(t) + rax! () Mix(t)

t
- / xT (s)Mx(s)ds
t—r(t)

by Lemma 2, it is easy to obtain that

t
—/ xT(s)M,x(s)ds
t—r(t)
1
<—— dsM/
rm r
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Thus
V(e)—av(r) —w () Niw(t) < X" (O:X (1),

where

T(e—h(r)) wT () J 2" (s)ds ],

meanwhile, we obtain from (6)-(8) that

X(t)y=1[x"(1) x

T - D @)
0, = Ze,,@, +Y Y 66600 +0;7)

/71/—j+1
Z JJJrZ Z 911 tl( 11+Yl;)
j=1l=j+1
Yn Yo -+ 1,
* Y22 Y2
—A N ) (14)
* .. :
x Y,
where
O PB; BD; PG;
« —(1-h)Qg; 0 0
8= * —N; 0 ’
M;

O = —aP.+ PA; + Al P+ Qi + 1M,
and

A=1[611,021,---,6,,1],
Therefore, from (12) to (14), we can obtain that

V(t)—aV(t)—w' (t)Nw(t) < 0. (15)

Integrating (15), it can be obtained from (10) and (15) that,

for Vt € [tk7tk+l)a
t
V(1) <e°‘(’_’k)V(tk)+/ I ($)Njw(s)ds
1
‘ !
e“(”tk)/.t\/(t,:)—i-/ I ($)Nyw(s)ds
Tx
<ea(t_tk)‘u[ea(lk—fk—l>v(tk71)

T
+ [ W () Nw(s)ds]

-1
n / A=) T () Now(s)ds
<e%(1=0) ”NU(OAV(O)
1
+ phNe04) / =W (s)Now(s)dss

0
+‘U,N6(t] i®) a(t—s) T(S)IV,W(S)dS+

+u/ (5)Npw(s)ds

and Guangming Zhuang

+ / @), 7 (s)Now(s)ds

— (= O)MNU(OOV(O)
+/le“(tfs)/,LN"(”)wT(s)N,-w(s)ds
<e™ph=@Iv(0)
+MW>/t<wwm

+/ (s)ds]

<eanUN60Tf)[ (0) + Apax (N:)d]. (16)

<e(XTfuNg (0 Tf

From Definition 3, we know

T,
NO'(Oan) < ia

Ta
such that
V(1) < @ 2TV (0) + Asd]. (17)
On the other hand,
V(t) > xT(t)Px(t) = x" (t1)R* PR x(1)
> Aomin(P)XT (£)Rx(t) = AxT (¢)Rx(1), (18)
V(0)
< ;LmaX(R')xT (O)Rx(())
+ 11" o (0;) sup {xT(0)Rx(0),i” (0)Ri(6)}
—1<6<0
+ 7€ Aax (M;) sup {xT(6)Rx(0),i7 (6)Rx(60)}
—1<6<0

< [)Lmax(Pi) + hmeahmafmwc(Qi) + rmeotr,,, lmwc (M,‘)]C[
< [)Lz + hmeah’" l3 + rmem’“ 14}6'1 . (19)

From (17)-(19), we have

xT(£)Rx(t)
< %” (20)
_r + hype®n ) +Arme°‘"" Maler +25d o, 70
1
(21)

By virtue of (9), we have

In(Aic2) —In[(A, + €™ A3 + re® Ay )t + Asd]
— OCTf > 0.

Considering (10), we have

Tf ln(ll 6‘2) — (XTf
DRl >
_ ln[(AZ + hmeahmA'S + rnzearml4)61 + l5d] ’ (23)

In(u)
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1 [ ll (914 an ]
(Ao +hme®m ds+rme®m Ay)ci +Asd

In(u)
Substituting (24) into (21) yields

" (t)Rx(1)
[[2,2 +hme‘ah M +rpe arm}u]cl + Asd
M

—aTy

(24)

e,

/1] e
(}\,2 + hme“hmk + rme“’mM)cl + Asd

=C.

Therefore, system (5) is finite-time bounded with respect
to (¢1,¢2,d,R, Ty, o) from Definition 1. The proof is com-
pleted. g

3.2. Finite time extended dissipative analysis
Theorem 2: Consider system (5). For given posi-

tive scalars o, h sy, i, b, if there exist positive definite

symmetric matrices P.,0;,M; and matrices Yy with Y}; =

YJ ;:J=12..,p,l = j,...,p with appropriate dimensions,

such that
15 T
B~ Iy >0, (25)
o <Yy, j=1.2,p, (26)
o 1ol <y Yl j<i, ji=12,.
(27)
Yn Yo - Yy
x Yo o Yy
<0, (28)
K
* * x Y,
the average dwell time satisfies
T,
T, > 1T = st ,
li’l()L[Cz) — ln[%k—!— (17 + lg)d} — OCTf
(29)
where
P =R:PR*,0; = R*QiR* ,M; = R*MiR?,
we denote
p p
P17Q17 l Z lj?QlJ? Z
Jj=1 Jj=1
and
ﬁi‘i = % Qll —R QHRZ _R M Rz
And
q)l(_u)
chid PyjByj PiDij—Fjy, PGy
B * (1—h)Q;; 0 0
- * * -y 0
M,
* * * —

=)
=11

= *OUSU +PA+ AP+ Qi — F i Fij+ raMyj,

g iiilBAij _ PaDy—Fjw PiG;;
x  —(1—h)Qy 0 0
* * -y 0 ’
=)
= —OCPlz + PyAij + APy + Qi — Fj Wi Fyj+ rnM,
qDl(_I.I)
EYIJ ) PijBAzl ) BiDy—Fj v, P,Gy
- * —(1 —h)Q,‘j 0 0
- * * —Y3 0 !
i,
* * * o
=(1j)
=11
=—ab;+PAy +AfT/15ij +0;j —F{yiFy + rM;j,
and
)me( z) llv)Lmax(FiTFi) = lﬁvlmax(WZTWZ) = )L7’

A'ma)c ( l//3 ) AS .

Then the system is finite-time bounded and satisfies the
extended dissipative performance.

Proof: Choose the same Lyapunov-Krasovskii function
as in (12)-(13), similar to the proof of Theorem 1, we have

V(t)—aV(t)—J() <XT()®X(r)
where
X(1) = [ () " (t—h(t)) wT

by (26)-(28), we can obtain

(1) S 2" (s)ds ],

)4
(I)l:Z +Z Z 9” zI /Z)Jrq)(lj))
j=1 ]11 J+1
‘ T
Z //+Z ZGU (i) ll+Ylj)
j=1 j=11=j+1
Yo Yo - Yy
* Yo - D
—A C AT <o, (30)
x Yy,
where
Dy PB; PD;—F'vy, PG,
B —(1—h)0Q; 0 0
q)ii * —U3 0~ !
* * * M
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D = —(XPL—FEAI+A,TPL+Q1_ETWIE+rmM”

and
A=1[6:11,01,---,6,1].
Therefore, from (30), we have that
V(t)—aV(t)—J(t) <0,

following the proof line of (16), it is easy to obtain the
following inequality

t
V( ) <€w,uN°0t (0)+/ e(x(tfs)'uNg(s,t)J(s)ds’
0

under zero initial condition V(0)=0, it can be calculated
that

V( [Xt NO- Ot /J

by Assumption 4 we have

! Vi) 1 4
/0 J6)ds > 52 > 2ol (0)Palr) > 0,

considering inequality

/OT/J(t)dt — sup 2" (f)yaz(t) >0

0<1<Ty
when y; = 0, it is apparent that fOT'/' J(t)dt >0, when yy >

0, it can be obtained by Assumption 3 that y; =0, y, =
0,y3 >0, so

/Otl(s)ds = /Ot w! (s)ysw(s)ds

thus for Vr € [0, Ty],

/ J(s ds>/J T(0)Px(t) > 0,

by (32) we have

I\/
w\

Ty 1 -

T(s)ds = a7 (1)Box(r) = 27 (0)F iy Fin()

=2 (1) yaz(r),

0

so we get

Ty
J(t)dt — sup ' (t)waz(t) >0
0 0<t<Ty
Thus the proof of extended dissipative is completed. [
Next, we proof finite-time boundedness. Following the
above proof, we have

V( lXt NO- 0[ /J

and Guangming Zhuang

and
" Ty
V() < e<“+lTap)T~f/ J(s)ds
0
for y; <0, we can obtain

[ s < [ Gwamts
+

w! () ysw(s)lds

and

V(1) <ot T [/Tf 227 (s)yaw(s)
0
w! (s)yaw(s)]ds],

so we get
Vit
xT (£)Rx(t) <L>
A
AT

< R R )
w' (s)yaw(s)]ds],

by Lemma 1 we have
2 (5) (s)F Fix(s) +

Flyow(s) <x' w ()3 yaw(s).

By (37) we can obtain that

((XJFI%)Tf Ty
<SR Fx()
A 0
W (5)yd yaw(s) +w (s) ysw(s)lds]
Pla Ty

<[k + (a4 As)d].
1

Considering (36), we have
xT (1)Rx(1) < cy.
Thus the proof is completed.

3.3. Robust finite-time extended dissipative control

Consider system (1), under the controller pu(r) =
Kg(1yx(t), the corresponding closed-loop system is given
by

X(l) = (Ag(t) +E(,(t)KG(t>)x(t) —i—BG(t)x(t — I’l(l))
t
+Doyw(t) + G / ()x(s)ds,
t—r(t

z(t) = Fopx(t),
x(to+6) = ¢(6),76 € [~1,0]. 31)
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Theorem 3: Consider system (31). For given posi-
tive scalars a,fz,hm,rm,b, if there exist positive definite
symmetric matrices P, 0;,M; and matrices Y 1 with Yj; =
Yj,j 1,2...,p,l = j,...,p with appropriate dimensions,

such that
1.
5= F Wk >0, (32)
n <y, j=1.2,..,p, (33)
o+ <y +vh, j<i, jl=12,.
(34)
Yn Yo - Yy
¥ Yn - Yy
<0, (35)
* *
* * x Y,
the average dwell time satisfies
Tr1
T, > T, = s e ,
ln()L]Cg) — 1n[7L6k—|— (},7 +},3)d] — OCTf
(36)
we denote
P
P17Q17 26 lj7Ql]? Z
=1
and
R P
[RhQia Ze Rl]?Qlj) ij]s Z
=1
where
)
W ByRy 018 Gy RyE] o)
« o3 0 0 0 0
B * x  —yz 0 0 0
* * * Ar/[if 0 0 ’
* * oy 0
L * * * xS +ST ]
V7). T T T
o\ = ,J—f—A,]R,j—i—RUA +EY+ Y EL+ 0
+rm ij
40 =D, Ryt
( ) _
D =E;Y;+ ST —Rij,
2(5']):*( —1)0yj,
v
-l 1 O
o1 a o1 Gy RiF] 01
« o 0 0 0 0
_ * *  —yz 0 0 0
* * * f}:”’ 0 0 '
* * * * l//l_1 0
| * * * * xS+

WD = —aRy + ARy + RiAL + EjYi + YTEL + 0y
+rmMila

13 = Dij—Ri ‘lfz,

jl

1(é) = EjY;+ 5 — R,

] o

) =—(1-h)0u,

Hl(lj)
y § -
W BaRy 0 Ga RyF] 0l
« oY 0 0 0 0
| * -w 0 0 0
= My ’
* ok ok =40 0
* * oyt 0
i * * * * S +ST
(lj) = —aR;j +AyR;; —|—R,,A,TZ + E;Y; +YTE1 + Qu
+rmMija

y
1(3j) =Dy —RijF{ v,
&) = EaYi+S] — Ry,
j P

2<2]) = —(1-h)Qyj,

and the matrices and parameters are defined as follows:

» —R:PR:, Q;=R:Q:R?, M;=R:MR?,

5, =RiP;R>, 0;=R>Q;R*, M =R>M;;R?,
f)i_l :Ru ~1_1Q~z Ni_1 = Qi; Pl MP : :MH
)me(Pi) = }'lv Ama)c( i ) = ﬁ,@, z'mm( ) = )"77

Then the switched linear system is finite-time bounded
and satisfies the extended dissipative performance under
the controller u(t) = Ky x(¢). The controller gains can
be given by K; = ¥;S; .

Proof: By (33)-(35), we get the following inequality

+Z Z 9” ll)(n(11)+n(ll))

I = Z

J=1li=j+1
Z JJ+Z Zeu (i) Jl+Ylj)
j=11l=j+1
Yi Yo - Yy
* Yo oo D
=A AT <o, (37)
* T N
L
where
IT;
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* —(1-h)Q; 0 0 0 0
. « —ys 0 0 0
. * * —]rl 0 0 ’
* * * *m l//fl 0
* * * * * 5 —&—S,T

11 = —OR; + AR + RA] +EY; + Y E[ + Qi+ ruM;,
¢13 = Di — RiF] y,
16 =EYi+S —Ri,

and
A=1[011,0p1,--- 6,1,

pre- and post-multiply (37) by

I 0 0 0 0 —EK;
07 0 0O 0
0011 0O 0
00 01O 0
0 0 0 0 I 0

and its transpose, respectively, we have

on BiR; D;—RF'y, G; RF'
x —(1-h)0; 0 0 0
* * -V 0 0 <0,
* * * —[r& 0
* * * *m 1//1’1
(33)

$11 = —ORi + AR+ RA! + EKiR+ RK! E + Qi+ ruM;
pre- and post-multiply (38) by diag{P;,P,,1,1,I} and its
transpose, respectively, by Schur complement, we have

P11 PB; BD;—F'y, PG;
x« —(1=h)0; 0 0
. . Sy 0 <0 6
* * * —M

where ¢11 = —aP, + P(A;+ EK:) + (Ai+ EK) P+ Qi +
rmM; — FTy; F;. Similar to the proof of Theorem 2, we
can obtain that

V(t)—aV(t)—J() <XT()®X (1),

where

X(6) = [«7(e) 2 (t—h(t)) W(t) Jix"()ds ],

Table 1. Matrices for each case.

Analysis ¥, ¥, ¥, ¥,

L, — L., performance 0 0 V21 1
H.. performance —1 0 V1 0
Passivity 0 1 Y 0
Dissipativity —I 1 I1—B =1 0
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where (39) is equivalent to ®;. The following proof is
similar to that of Theorem 2, it is omitted here.

Remark 1: The above results could be easily extended
to the other systems and models, for example the neu-
ral networks [22, 23], Markovian jump delayed systems,
sampled-data systems [20], Lur’e systems [21], and so on,
which deserve further study.

4. NUMERICAL EXAMPLE

In this section, we present an example to illustrate the
effectiveness of the controller design method.

Consider system (31) with two subsystems, each sub-
system has two vertices to represent polytopic uncertain
system:

Subsystem 1:

(20 -2 0
A= 5 3}7 3112{_1 _2]7

03 0 1 -1
| 0 —0.2}’1)“_[2 1]’

[3 -3 1 05 11
Eu= 10 4 ] G“_[o.s 0.6}’ F“_{o 2}’

[ 2 —1 -10
Alz—__z 3 ], 312[_2 1],

[02 0 -1 0
CIZZ_O _0.3},D12=[ }7

(4 —1 07 0 21
Ep = 1 6]’G12:[1 0.5}71712:[0 3}

Subsystem 2:

-15 —1] . _[-07 0
0 -09] [ 02 14
03 0 0.1 0
Gz‘_[—o.z —1.1}’51_{0.4 1]’
0 13 -3 2
{ 5}7 3222{0 _2}7 szz{ 0 3]7
50 b [05 —04
0 -07]"" [0 2 |
: 03 0
Gzz_[0.4 0.3}’52_{0.2 3}

Furthermore, we assume the uncertain parameters to be
6;=05,i=1,2,j=12 Andh=0.0l, h, = 0.01,
rm = 0.01, @ = 0.01. For extended dissipative control,
choose matrices for each case in Table 1:

By solving the LMIs from (33)-(35) presented in Theo-
rem 3, we can obtain the optimized variables of four per-
formances in Table 2, and controller gain for each case in
Table 3, respectively.



Robust Finite-time Extended Dissipative Control for a Class of Uncertain Switched Delay Systems

Table 2. Optimized variable for each case.

L, — L., performance H.. performance
Yo = 151077 Yo = 151077
Passivity Dissipativity

Yoin = 151077 Bunar = 0.9999999

Table 3. Controller gain for each case.

Subsystem 1
L—L. K, _ | 02985 0.0520
| 0.0445 02233 |
H.. performance K, = 0.3146 0.0503
L 0.0458 0.2340 |
Passivity K = 0.4951  0.0457
| 0.0356  0.3400 |
Dissipativity K = 0.4956 0.0449
L 0.0353 0.3419 |
Subsystem 2
L,— L. K, = —0.6627 —0.0232
| —0.0256  0.6866 |
H.. performance K = —-0.6869 —0.0207
| —0.0440  0.7234 |
Passivity K, = —0.5140 —0.0486
L —0.0711  0.8044 |
Dissipativity K, = —0.5388 —0.0392
| —0.0669  0.8064 |

5. CONCLUSION

In this paper, we have investigated the problem of finite
time extended dissipative analysis and control of switched
systems with time delay. Based on extended dissipative
performance, we can solve the H., L, — L., Passivity and

©,

S, R)-dissipativity performance in a unified frame-

work. All the results are given in terms of linear matrix
inequalities (LMIs), numerical examples are provided to
show the effectiveness of the proposed method.
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