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Switching rule for the exponential stability and
stabilization of switched linear systems with
interval time-varying delays
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Abstract—This paper is concerned with exponential stability and
stabilization of switched linear systems with interval time-varying
delays. The time delay is any continuous function belonging to a
given interval, in which the lower bound of delay is not restricted
to zero. By constructing a suitable augmented Lyapunov-Krasovskii
functional combined with Leibniz-Newton’s formula, a switching
rule for the exponential stability and stabilization of switched linear
systems with interval time-varying delays and new delay-dependent
sufficient conditions for the exponential stability and stabilization
of the systems are first established in terms of LMIs. Numerical
examples are included to illustrate the effectiveness of the results.
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I. INTRODUCTION

Stability analysis of linear systems with time-varying delays
z(t) = Axz(t) + Dz(t — h(t)) is fundamental to many
practical problems and has received considarable attention [1-
5]. Most of the known results on this problem are derived
assuming only that the time-varing delay h(t) is a continuously
differentialbe function, satisfying some boundedness condition
on its derivative: A(t) < & < 1. In delay—dependent stability
criteria, the main concerns is to enlarge the feasible region
of stability criteria in given time-delay interval. Interval time-
varying delay means that a time delay varies in an interval
in which the lower bound is not restricted to be zero. By
constracting a suitable argumented Lyapunov functionalsand
utilizing free weigtht matrices, some less conservative con-
ditions for asymptotic stability are derived in [6-16] for
systems with time delay varying in an interval. However, the
shortcoming of the method used in these works is that the
delay function is assumed to be differential and its derivative is
still bounded: h(t) < 4. This paper gives the improved results
for the exponential stability and stabilization of switched linear
systems with interval time-varying delay. The time delay is
assumed to be a time-varying continuous function belonging
to a given interval, but not necessary to be differentiable.
Specifically, our goal is to develop a constructive way to design
switching rule to the exponential stability and stabilization of
switched linear systems with interval time-varying delay. By
constructing argumented Lyapunov functionals combined with
LMI technique, we propose new criteria for the exponential
stability and stabilization of the switched linear system. The
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delay-dependent stability conditions are formulated in terms of
LMIs, being thus solvable by utilizing Matlab’s LMI Control
Toolbox available in the literature to date.

The paper is organized as follows: Section 2 presents defini-
tions and some well-known technical propositions needed for
the proof of the main results. Delay-dependent exponential
stability and stabilization conditions of the switched linear
system with numerical examples showing the effectiveness of
proposed method are presented in Section 3.

II. PRELIMINARIES

The following notations will be used in this paper. R
denotes the set of all real non-negative numbers; R™ denotes
the n—dimensional space with the scalar product (.,.) and
the vector norm || . |; M™ " denotes the space of all
matrices of (n x r)—dimensions; A7 denotes the transpose
of matrix A; A is symmetric if A = A”T; I denotes the
identity matrix; A(A) denotes the set of all eigenvalues of A;
Amin/max (A) = min/max{Re\; A\ € A(A)}; xp = {a(t + s) :
s € [=h. O}, laell = sup,e g | #(t+ ) [ C((0,8), B)
denotes the set of all R"™—valued continuous functions on
[0,t]; Matrix A is called semi-positive definite (A > 0) if
(Az,z) > 0, for all x € R™; A is positive definite (A > 0)
if (Ax,x) > 0 for all x # 0;A > B means A — B > 0. *
denotes the symmetric term in a matrix.

Consider a linear system with interval time-varying delay
of the form

i(t) = Aya(t) + Dya(t — h(t)),
1(t) = ¢(t)7t € [_h270}7

where z(t) € R™ is the state; y(.) : R* — N =
{1,2,...,N} is the switching rule, which is a function
depending on the state at each time and will be designed.
A switching function is a rule which determines a switching
sequence for a given switching system. Moreover, y(z(t)) = 4
implies that the system realization is chosen as the i*" system,
1 =1,2,...,N. It is seen that the system (1) can be viewed as
an autonomous switched system in which the effective subsys-
tem changes when the state x(¢) hits predefined boundaries.
A;,D; € M™ ™ 4 =1,2,..., N are given constant matrices,
and ¢(t) € C([—ha,0], R™) is the initial function with the
norm || ¢ [|= supye_p, o || ¢(s) [l The time-varying delay
function h(t) satisfies

te R,
(1

0<h; <h(t)<hy, teRT.
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The stability problem for switched system (1) is to construct
a switching rule that makes the system exponentially stable.

Remark 2.1. It is worth noting that the time delay is a
time-varying function belonging to a given interval, in which
the lower bound of delay is not restricted to zero.

Definition 2.1. Given o > 0. The switched linear system (1)
is aw—exponentially stable if there exists a switching rule ~y(.)
such that every solution x(t,¢) of the system satisfies the
following condition

(@) lI< Nem®* | ¢ |,

We end this section with the following technical well-known
propositions, which will be used in the proof of the main
results.

IN >0: YVt € RT.

Definition 2.2. The system of matrices {J;},i =1,2,..., N,
is said to be strictly complete if for every x € R™\{0} there
isi€{1,2,...,N} such that 27 J;z < 0.

It is easy to see that the system {.J;} is strictly complete if

and only if
N

J ai = R™\{o},

i=1

where

aj={zeR": 2"Jz<0},i=12,..,N.

We end this section with the following technical well-known
propositions, which will be used in the proof of the main
results.

Proposition 2.1. [17] The system {J;},i = 1,2,...,N,
is strictly complete if there exist §; > 0,0 =
1,2,...,N, Zij\;lcsi > 0 such that

N
=1

If N = 2 then the above condition is also necessary for the
strict completeness.

Proposition 2.2. (Cauchy inequality) For any symmetric pos-
itive definite marix N € M"™*" and a,b € R"™ we have

+aTb < aTNa+bTN~1b.

Proposition 2.3. [18] For any symmetric positive definite
matrix M € M™ ", scalar v > 0 and vector function
w : [0,9] — R™ such that the integrations concerned are
well defined, the following inequality holds

(/va(s) ds)TM(/va(s) ds> §7</OWWT(5)MQJ(S) ds>

Proposition 2.4. [19] Let E,H and F be any constant
matrices of appropriate dimensions and FTF < I. For any
e > 0, we have

EFH+ HTFTET < ¢EET + ¢ 'HTH.

Proposition 2.5. (Schur complement lemma [20]). Given con-
stant matrices X, Y, Z with appropriate dimensions satisfying
X=XTY=YT>0.Then X +ZTY~'Z < 0 if and only

if
x Zz7 -Y Z
7 _y <0 or gT X < 0.

III. MAIN RESULTS
Let us set
My, My Mz My Mis

* ]\/[22 O M24 SQ
Mi=| * *  Msz Mz Sz |,
* * * Mg Mys
* * * * M5
Ji = —SlAi — A?S?, (2)
a;={zeR": wTJix<0}7 i=1,2,...,N,
i—1
am=a, a=ao\Ja, i=23..,N,
j=1
)\1 = )\min(P),

A2 = Amax(P) + (ha — h1)*Amax(U),
My, = ATP + PA; + 2aP,
My = =S24A;, Mz =—S534,;,
My = PD; — S1D; — S4A;, Mis =51 — S54,,
May = —e™ 22U, Myy = e MU — S, D,
Msz = —e™?°"2U, My = e ?*"2U — S3D;,
Myy = —S4D; — 27220, Mys = Sy — SsD;,
Mss = S5 + ST + (ha — hy)?U.

The main result of this paper is summarized in the following
theorem.

Theorem 3.1. Given a > 0. The zero solution of the
switched linear system (1) is a—exponentially stable if there
exist symmetric positive definite matrices P,U, and matrices
Si,i=1,2,....5 such that satisfying the following conditions

()36, >0,i=1,2,...,N, SN 6, >0: 3" 6J;<0.
(i) M; <0, i=1,2,...,N.

Moreover, the solution x(t, @) of the system satisfies

A —«
o.0) 1< 2t 1 o), wee R

Proof: We consider the following Lyapunov-Krasovskii
functional for the system (1)

V(t7xt) = VYI + V27
where

Vi = xT(t)Px(t),

t—hi gt
Vo = (ha — hl)/ / =0T (D) Ui(7) dr ds.
t

t—ho +s
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It easy to check that

Ml z@) PSSVt a) <Xz |’ ¥E>0,  (3)

Taking the derivative of V; along the solution of system (1)
we have

Vi =227 (t) Pi(t)
=27 (O)[AT P + A, Pla(t) + 227 (t)PD;x(t — h(t));
Vo =(ho — m1)?*&" (1)U (t)

(hg — h1 —2ah2/

Using Proposition 2.2 gives

t—h(t)
(hy — h(2)] / i

N
[ /_;h” i(s)as] U] /_;h”

[w(t = h(t)) = 2(t = ho)]TUlw(t = h(t)) — x(t = ho)].

Since he — h(t) < hy — hy, we have

z(s)ds — 2aVs.

(s)Ux(s)ds >

j:(s)ds} >

t—h(t)

[ha — h1] T (s)Ui(s)ds >

t—ho

[t = (1)) — 2(t - ha)|"Ule(t - h(t)) - a(t — ho)],

t—h(t)
—(ha — hl)/
t—ho

[t — h(t)) — 2(t — ha)|TUa(t — h(t)) — z(t — ho)].

then

T (s)Ui(s)ds <

Similarly, we have

t—hy
—(h2 — hl)/ .’i’T
t—h(t)

—[a(t —h1) —z(t = h(t))

(s)Uz(s)ds <

17U [x(t — hy) — 2(t — h(t))].
Therefore, we have

V()4 2aV () <aT(t)[ATP + A; P + 2a.P)x(t)

+ 227 (t)PDx(t — h(t))
+ &7 (t)[(hy — h1)*U)i(t)

e 292 [ (t — h(t)) — (t — h)|TU
[2(t = h(t)) — x(t — ho)]
—e 22 g (t — hy) — x(t — h(t)]TU
[z(t — k1) — =(t — h(t))].

“)

By using the following identity relation

#(t) — Agz(t) — Dia(t — h(t)) =0,

we have
T (4)S12(t) — 227 (1) S, A(t)
—227 ()81 D (t — h(t)) =0
aT(t — hy)Sai(t) — 22T (t — hy)SoAsx(t)
—227(t — hy)Sy Dy (t — h(t)) =0
227 (t — ho)Ssi(t) — 22T (t — hy)S3A;x(t)
—22T(t — hy)S3Dx(t — h(t)) =0
h(t))Ssa(t) — 227 (t — h(t))SsAsz(t)
=227 (t — h(t))S4Dsx(t — h(t)) =0
T (1) S5 (t) — 227 (t)Ss Az (t)
—2iT(t)SsD;x(t — h(t)) = 0
Adding all the zero items of (5) into (4), we obtain
V() +2aV(.) < 2T (t)[ATP 4+ PA; + 2aP — 51 A;
— A7 S{ (1)
+ 227 () [~ SaA]x(t — hy)
+ 207 () [~ S5 A2 (t — ha)
+ 227 (t)[PD; — S1D; — S4A
+ 227 ()[S1 — S5 A;)i(t)
+ 2T (t — hy)[—e~ 2P Uz (t — hy)
+ 227 (t — hy)[e 22U — Sy D] (t —
+ 227 (t — hy)Sqi(t)
+ 2T (t — ho)[—e~2*"2U]x(t — hy)
+ 2T (t — he)[e 222U — S3Dy]x(t — h(t))
+ 227 (t — ho)Ssi(t)

(&)

227 (t —

il(t = h(t))

ST s

h(t))

+ 2T (t — h(t))[~S4D; — 2e 22 Ux(t — h(t))
+ 207 (¢t~ h(t))[S4 — S5 DiJi (1)
#T(t)[Ss + Sg + (hy — h1)?U)(t)
= 2T (t) Jia(t) + T ()M (),
(6)
where
C(t) = [z(t),z(t — ha), z(t — ha), x(t — h(t)), 2(t)],
Ji=—-5A; — AT ST,
My, My Mz My Mis
x My 0 My S
M; = * * Mss Mszy Sz |,
* * * My Mys
* * * * Mss
My, = ATP + PA; + 2aP,
My = =S2A;, Mz = —S34;,
My = PD; — S1D; — S4A;, Ms =51 — S54,,
Moy = —e7 22U, My, = e72*"2U - S, D,
Msz = —e 22U, My = e 2*"2U - S3D,,

M44 = —S4Di — 26_2ah2U, M45 =
Mss = S5+ S2 + (he — hy)?U.

S4 — S5D
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Therefore, we finally obtain from (6) and the condition (ii)
that

V() +2aV() <zl teRT.

() Jiz(t),

We now apply the condition (i) and Proposition 2.1., the
system J; is strictly complete, and the sets «; and &; by (2)
are well defined such that

N
U a; = R"\{0},

Vi=1,2,... N,

=
2

—

q; = R0}, asna; =0,i# .

2

Therefore, for any z(t) € R", € RT, there exists i €
{1,2,...,N} such that z(t) € 071 By choosing switching
rule as *y( (t)) = i whenever y(z(t)) € &;, from (6) we have

V() +2aV () <zT(t)Jx(t) <0, te R,
and hence
V(t,x) < —2aV(t,x;), Vte R'. (7)
Integrating both sides of (7) from 0 to ¢, we obtain
V(t,zs) < V(p)e 2, Vte RT.
Furthermore, taking condition (3) into account, we have

Ml a(t,0) [P< V(ze) S V(@)™ < dae™ | o ||,

Ag
o) 1< 2o ), ve R

which concludes the proof by the Lyapunov stability theorem
[21]. ]

then

Based on Theorem 3.1, we have the following result for
switched linear control systems with interval time-varying :

i(t) = Ayx(t) + Byu(t), teRT,
$(t) = ¢(t)7 € [7h270]7

where u(t) € R™ is the control input, 4;, B;,i = 1,2,..., N,
are given constant matrices with appropriate dimensions. We
consider a delayed feedback control law

u(t) = Fya(t — h(t)), 9

and F, is the controller gain to be determined. Applying the
feedback controller (9) to the system (8), the closed-loop time-
delay system is

®)

i(t) = Ayx(t) + B,Fyx(t — h(t)), teRT, (10)
z(t) = o), te€[—hs,0]
The time-varying delay function h(t) satisfies
0<hy <h(t)<hy, teRT.

The Stabilization problem for switched linear control systems
(8) is to construct a switching rule that makes the system
exponentially stablilizable.

Definition 3.1. The switched linear control systems (8)
is stablilizable if there is a delayed feedback control (9) such
that the switched linear systems (10) is exponentially stable.

Let us set
]‘411 M12 M13 ]V[14 ]\/f15

* ]\/[22 0 M24 SQ
M;=| * Mz Mz Ss |,

* * * Maya ]\/[45

* * * * M5
Jl = —SlAZ‘ - ALTS?, (11)
a;={zeR": 2"Jixz<0}, i=12_.,N,

o) = Qg, c’ui:a,'\Uo’% i1=2,3,...,N,

>\1 - )\min(P)v
/\2 = )\max(P) + /\max(U)v
My, = ATP + PA; + 2aP,

My = —S24A;, M3 =—S34,;,
My =P — 5 — S4A;, Mis =51 — S54,,

(hy — h1)?

Moy = —e 22U, Myy = e 2*"2U — 8y,
Mz = —e 22U, My = e ?*"2U — Sj,
M44 = 75’4 — 2672ah2[]7 ]\/[45 = 54 — 55,

Mss = S5 + ST + (hy — hy)2U.

Theorem 3.2. Given a > 0. The zero solution of the
switched linear control systems (8) is a—exponentially
stablilizable by the delayed feedback control (9), where

F,=B!B;BIl™", i=1,2,..,N,

if there exist symmetric positive definite matrices P,U, and
matrices S;,i = 1,2,...,5 such that satisfying the following
conditions

(i) 36, >0,i=1,2,...,
(ii) M; < 0,

N, sz\;l 0; >0: Zf\il 0;J; < 0.
i=1,2,...,N.

Moreover, the solution x(t,$) of the system satisfies

)\ —«
| z(t, ) ||< \/fe tle|, VteRT.

Proof: We consider the following Lyapunov-Krasovskii

functional for the system (10)
V(t,fl}t) = Vvl + V27

where

Vi = 2T (t)Px(t),
t—hy pt

Vo = (ha — hl)/ / =0T (D) Ui(7) dr ds.
t +s

—ho
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It easy to check that

M lz@) [PVt a) <Xz |2, VE>0,  (12)

Taking the derivative of 1 along the solution of system (10)
we have

Vi =227 (t) Pi(t)
=T (t)[AT P + A; Plz(t) + 227 (t) Px(t — h(t));
Vo =(ho — m1)?*&" (1)U (t)

(h2 — h1 —2ah2/
Using Proposition 2.2 gives
t—h(t)
he-nio) [t
t—ho

t—h(t) . T t—h(t) )
[/t_hz x(s)ds} U[/t_hz x(s)ds} >

[w(t = h(t)) = @(t = ho)]TUlw(t = h(t)) — 2(t — h2)]

(s) ds — 2aVs.

(s)Ux(s)ds >

Since he — h(t) < hy — hy, we have

t—h(t)
[ho — hq] ﬂUT(S)

t—ho

Ui(s)ds >

(2t — h(8)) — a(t — ho)|"UTa(t — h(1)) — a(t — ho)].
then

t—h(t)
(s — hy) / T (8)Ud(s)ds <

7h2

et — h(t)) — 2(t — ha)|TUa(t — h(t)) — z(t — ho)].

Similarly, we have

t—hy
—(h2 — hl)/ .’i’T
t—h(t)

=l —h1) —x(t = h(t))

()Uz(s)ds <

17U [x(t — hy) — 2(t — h(t))].
Therefore, we have

V() +2aV () <zT(t)[ATP + A, P + 2aP)]x(t)

+ 227 (t) Px(t — h(t))
+ &7 (t)[(ha — h1)*Uli(t)

e=20h2 (¢ — B(t)) — x(t — hy)]TU
[z(t = h(t)) — x(t — h2)]
—e 22 g (t — hy) — a(t — h(t)]TU
[z(t — h1) — =(t — h(t))].

(13)

By using the following identity relation

(t) — Agz(t) — Tz(t — h(t)) = 0,

we have
2T (8)Sya(t) — 227 (1)) Asa(t)
—22T(1)S1a(t — h(t)) =0
227 (t — hy)Sai(t) — 22T (t — hy)SaA;x(t)
—227(t — hy)Sax(t — h(t)) = 0
227 (t — ho)Ss(t) — 22T (t — hy)SzA;x(t)
—227(t — hg)Szz(t — h(t)) =0
227 (t — h(1))Sui(t) — 227 (¢ — h(t))SaAix(t)
=227 (t — h(t))Ssx(t — h(t)) = 0
2&T (t)Ssa:(t) — 2i7 (1) S5 Aja(t)
—2¢T(t)Ssx(t — h(t)) =0
Adding all the zero items of (14) into (13), we obtain
V() +2aV() <zT(t)[ATP + PA; 4+ 2aP
— 514, — ATST)x(t)

(14

+ 227 (t)[~So Az (t — hy)

+ 227 ()~ S5 A].’E(t—hg)

+ 22T ()P — Sy — SiAi]z(t — h(t))

+ 227 (1)[S) — SrA]x(

+al(t = h)[—e "2 Uz (t — )

+ 227 (t — h)[e7?"2U — Syl (t — h(t))
+ 227 (t — hn)Sai (1)

+ 2T (t — he)[—e~ 22Uz (t — hy)

+ 2T (t — ho)[e 22U — S3]x(t — h(t))
+ 227 (t — hy)Sai(t)

+ 2T (t — h(t))[=Ss — 2e2°"2Ua(t — h(t))
+ 227 (t — h(t))[Ss — Ss]&(t)
+ 2T (t)[S5 + ST + (hy — hy)2U)i(t)
= 2" () Jiw(t) + T (HMC(2),

(15)
where
C(t) = [ (t)7x(t - hl)vx(t - h2)7$(t - h(t))»i‘(t)]v
=-514; — A{S{,
My My Mz My Mis
* Mgg 0 M24 52
M;=| = * Mz Mg S |,
* * * ]\/144 M45
* * * *  Mss

My, = AT P+ PA; + 2aP,

Mg = —S24;, Mz = —S34,,

My =P — 51— S44;, Mys= 51— Ss4;,
Moy = —e72%M2,  Myy = e 2*m207 — S,

My = —e72%"2U, My = e 2*m2U — 8;,

Myy = =Sy — 272", Mys = Sy — S,

Mss = S5 + S5T + (he — h1)2U
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Therefore, we finally obtain from (15) and the condition (ii)
that

V() +2aV() <2t () Jx(t), Vi=1,2,...,N, te&R".

We now apply the condition (i) and Proposition 2.1., the
system J; is strictly complete, and the sets a; and &; by (11)
are well defined such that

N
U = R0},

N

Jai =R\ {0}, aina;=0,i#;j
Therefore, for any z(t) € R", ¢ € R, there exists i €
{1,2,...,N} such that z(t) € &;. By choosing switching
rule as y(x(t)) = ¢ whenever y(z(t)) € &y, from (15) we
have

V() 422V () <aT(t)Jz(t) <0, teRF,

and hence

V(t, o) < —2aV(t,zy), Vte RT. (16)

Integrating both sides of (16) from 0 to ¢, we obtain
V(t,z) < V(p)e 2, Vte RT.
Furthermore, taking condition (12) into account, we have

A 2(t, ) [IP< Vi) < V(g)e ™ < Xoe™? | ¢ ||,

then
)\ —«
| (t, ¢) ||s\/7je “loll, teRT

which concludes the proof by the Lyapunov stability theorem
[21]. n

To illustrate the obtained result, let us give the following
numerical examples.

Example 3.1. Consider the following the switched linear
systems with interval time-varying delay (1), where the delay
function h(t) is given by

h(t) = 0.1 + 0.5749sint,

-1 o0.01 —-1.1 0.02
A= (0.02 —2> A2 = (0.01 —2) ’
—-0.1 0.01 —-0.1 0.02
Dy = (0.02 —0.3) D2 = <0.01 —0.2) '
It is worth noting that, the delay function h(¢) is non-
differentiable. Therefore, the methods used is in [3,4,7] are
not applicable to this system. By LMI toolbox of Matlab, we

find that the conditions (i), (ii) of Theorem 3.1 are satisfied
with hy = 0.1, hy = 0.6749,6; = 0.1,02 = 0.1, « = 0.1 and

P 0.9222  —0.0008 U= 0.5688  —0.0024
~ \—0.0008 0.6540 />~ — \—0.0024 0.5201 )’

and

g — (03099 —0.0099Y o _ (—0.1219  0.0080
=1 0.0121 —0.1821/°°2 =~ \ 0.0135 —0.1703)°
g — (01219 00080 o _ (0.2300 —0.0178
37100135 —0.1703) "%~ \—0.0235 0.3329 }°
g _ (~0-5631  0.0057
57~ \-0.0010 —0.3965/"

In this case, we have

—0.6195
(Ji, J2) = ({—0.0009

Moreover, the sum

—0.1301

8111 (R, Q) + 82J2(R. Q) = {0.0001 0.0001]

—0.1457

is negative definite; i.e. the first entry in the first row and the

first column —0.1301 < 0 is negative and the determinant of

the matrix is positive. The sets a; and ag are given as

ay = {(z1,x2) : —0.6195z% — 0.0018z1 22 — 0.7285z2 < 0},

g = {(x1,72) : 0.681627 — 0.0030x1 25 + 0.7288z3 > 0}.

Obviously, the union of these sets is equal to B2\ {0}. The

switching regions are defined as

ay = {(z1,22) : —0.61952F — 0.0018z 129 — 0.7285x3 < 0},
Qg = (g \al.

By Theorem 3.1 the switched linear systems (1) is

0.1—exponentially stable and the switching rule is chosen as

~(z(t)) = i whenever z(t) € &;. Moreover, the solution
x(t, ¢) of the system satisfies

| x(t, ¢) [|<1.7315e=" || ¢ ||, Vte R

Example 3.2. Consider the following the switched linear
control systems with interval time-varying delay (8), where
the delay function h(t) is given by

h(t) = 0.1 4 0.7011sin?3t,

-1 0.01 —-1.1 0.02
A= (0.02 72> A2 = <0.01 72) ’
—-0.1 0.01 —-0.1 0.02
B = (0.02 —0.3) B2 = <0.01 —0.2) '
It is worth noting that, the delay function h(t) is non-
differentiable. Therefore, the methods used is in [3,4,7] are
not applicable to this system. By LMI toolbox of Matlab, we

find that the conditions (i), (ii) of Theorem 3.2 are satisfied
with h; = 0.1, hy = 0.8011,5; = 0.1,02 = 0.1, = 0.1 and

p_ 0.2151 0.0012 U= 0.2376 0.0013
~\0.0012 0.1404)° 7 ~ \0.0013 0.1563 )’

S, — <—0.0507 —0.0001) 5y = (0.1147 o.oon) ’

and

—0.0002 —0.0412 0.0011 0.0458

N

_ (01147 00011\ o _ (~0.2286 —0.0021
3710.0011 0.0458 /7% = \ —0.0021 —0.0943 ) °

—0.0009| [-0.6816 0.0015
—0.7285| | 0.0015 —0.7288] ) °
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—0.0018

g _ (02042 —0.0018
57 —0.0893 ) -

In this case, we have
—0.1013
(1, J2) = ([ 0.0009

Moreover, the sum

0.0009 —0.1115  0.0010
—0.1650| | 0.0010 —0.1650| ) °

—0.0213

501 J1(R, Q) + 62J2(R, Q) = { 000 0.0002 }

—0.0330

is negative definite; i.e. the first entry in the first row and the
first column —0.0213 < 0 is negative and the determinant of
the matrix is positive. The sets «; and ao are given as

a1 = {(z1,22) : —0.1013z% 4 0.0018z 29 — 0.1650x3 < 0},
s = {(x1,22) : 0.11152% — 0.0020x; x5 + 0.1650z3 > 0}.

Obviously, the union of these sets is equal to R?\ {0}. The
switching regions are defined as

a; = {(x1,72) : —0.10132% + 0.0018z122 — 0.165023 < 0},

Qg :O(Q\al.

By Theorem 3.2 the switched linear systems (8) is
0.1—exponentially stabilizable and the switching rule is cho-
sen as y(z(t)) = i whenever z(t) € a;, whenever z(t) € Q;,
the delayed feedback control is:

oy _ [10.0671at (k — h(t)) — 0.335623 (k — h(t))
u(t) = { —0.6711z! (k — h(t)) — 3.355722(k — h(t)) ] ’

~ [-10.1010z5(k — h(t)) — 1.010122(k — h(t))
uz(t) = { —0.5051z (k — h(t)) — 5.050522 (k — h(t)) ] :

Moreover, the solution z(t, ¢) of the system satisfies

| 2(t, ) [|< 1.8726e %1 || 4 ||, Vte€ RT.

IV. CoNCLUSION

This paper has proposed a switching design for the expo-
nential stability and stabilization of switched linear systems
with interval time-varying delays. Based on the improved
Lyapunov-Krasovskii functionals, a switching rule for the ex-
ponential stability and stabilization for the system is designed
via linear matrix inequalities.
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