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1 Introduction

A switched system is composed of a family of subsystems and a switching signal that spec-
ifies which subsystem is activated to the system trajectories at each instant of time [1].
Switched systems are often encountered in many practical examples such as automated
highway systems, automotive engine control system, constrained robotics, robot manu-
facture, and stepper motors. Many complicate system behaviors, such as multiple limit
cycles and chaos, are produced by a switching signal in systems [1-14]. It is also well
known that the existence of delay in a system may cause instability or bad performance
in closed control systems [15-18]. Time-delay phenomena usually appear in many prac-
tical systems such as AIDS epidemic, chemical engineering systems, hydraulic systems,
population dynamic model, and rolling mill. Hence stability analysis and stabilization for
discrete switched systems with time delay have been studied in recent years [2-4, 6,7, 9,
10, 12-14].

There are three basic problems in dealing with the stability of discrete switched systems:
(1) Find the stability or controller design of switched systems under an arbitrary switching
signal [3, 4, 8, 9, 13]; (2) Identify the useful stabilizing switching signal for switched sys-
tems [14]; (3) Construct the stabilizing switching signal for switched systems [6, 7]. In this
paper, the stability conditions for switching signal design of uncertain discrete switched
time-delay systems will be developed. It is interesting to note that the stable property
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for each subsystem cannot imply that the overall system is also stable under an arbitrary
switching signal [4]. Another interesting fact is that the stability of a switched system can
be achieved by choosing a switching signal even when each subsystem is unstable [6, 7].
Although many important results have been proposed to design the switching signal of
switched time-delay systems, but there are only few reports concerning the switching sig-
nal design of discrete switched time-delay systems [6, 7]. Some additional nonnegative
inequalities are used to improve the conservativeness for the obtained results [4, 18]. In-
terval time-varying delay and linear fractional perturbations of a system are also included
in our problem under consideration. In this paper, a new scheme for switching signal de-
sign is developed to guarantee global exponential stability of a switched system with inter-
val time-varying delay and linear fractional perturbations. By the proposed approach, our
results are shown to be less conservative than some recent reports in our demonstrated
numerical examples.

The notation used throughout this paper is as follows. For a matrix A, we denote the
transpose by A7, symmetric positive (negative) definite by A > 0 (A < 0), maximal eigen-
value by A, (4), minimal eigenvalue by Anin(A4), # x m dimension by A(,xm). A < B means
that matrix B — A is symmetric positive semi-definite. I denotes the identity matrix. For
a vector x, we denote the Euclidean norm by |x||. Define N = {1,2,...,N}, A\ B = {x|x €
Aandx ¢ B), [wlls = maxo—_r,; -ryyo.0 5k + 6)]].

2 Problem statement and preliminaries
Consider the following uncertain discrete switched time-delay system:

x(k+1) = [A(, + AA(,(k)]x(k) + [BU + ABa(k)]x(k - r(k)), k=0,1,2,3,..., (1a)
x©0)=¢0), 0=-ry,-ry+1,...,0, (1b)

where x(k) € R”, x is the state defined by x(0) := x(k + 0), VO € {-ryr,—rp +1,...,0}, 0 is
a switching signal in the finite set {1,2,...,N} and will be chosen to preserve the stability
of the system, ¢(k) € i” is an initial state function, time-varying delay r(k) is a function
from{0,1,2,3,...}t0{0,1,2,3,...} and 1 < r,,, <r(k) < ra, r,y and rps are two given positive
integers. Matrices A;, B; € W™, i =1,2,...,N, are constant. AA;(k) and AB;(k) are two
perturbed matrices satisfying the following condition:

[AAAk) ABAM]:AL-AAH-U%U Ngl, i€{L,2,....N}, (1c)

Ai(k) = [1 - Ti(k)E;] Ti(k),

]
[1]

l.T <1, (1d)

i

where M;, Ny;, and Np;, i =1,2,...,N, and E; are some given constant matrices with ap-
propriate dimensions. I';(k) is an unknown matrix representing the perturbation which
satisfies

rF (k) < 1. (le)

Definition1 System (1a)-(le) is said to be globally exponentially stable with a convergence
rate « if there are two positive constants 0 < & <1 and WV such that

x| < W - llxolls - o, k=0,1,2,3,....
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Define the switching domains of a switching signal by
Qi(e, P, U, Ay) = {w(k) € W' : 2" (k) (A] PA; — o® - U)x(k) < 0}, i=1,2,...,N, (2a)

where the constant 0 < « <1 is a convergence rate, matrices P > 0, U; > 0 are given from
the proposed results, and

Q= Q=2 \ Qi Q3= \ U\ Q...
_ _ _ (2b)
Qn=Qu\ 2\ -\ Qno.

Now the main results are provided in the following theorem.

Theorem 1 If for some constants 0 < <1,0 <a; <1,i € N, and Zﬁl a; =1, there exist
some n X n matrices P>0,Q>0,R; >0,R, >0,R3>0,5>0,T >0, U;>0,ieN, Vi €
Rmxdn Vo e A Vs € W [ = 1,2,3,4, and constants €; > 0, i € N, such that the
following LMI conditions hold for all j = 1,2,...,N:

a?MRy — Vigy >0, a¥MRy — Vazy > 0, o™ Ry — Vi > 0, 33)
a
a¥MRy — Vizy > 0, Van — Vin >0,
Vin Vv, Vou Vi
v, = | g V, = wm V|
*  Vip * Vo
- (3b)
V- V- V. V.
Vs = s Ve | V= a Vaz | g
* V320 * Vi
_lej 0 0 0 X5 X O 23181_
* 222}' 0 0 2251' 226j 0 2281'
* * 233}' 0 0 0 0 0
§ _ * * * 244,]' 0 0 0 0
N * * * 2555 0 s57; 0
* * * * * 266]' E67j 0
* * * * * * Xy Xgg
| * * * * * * * Yigs; |
Q 0
" |: (4nx4n) (4n><4n):| <0, ij L2,...,N, (3¢)
* 0(4n><4n)
N
;- (A PA; - o® - U;) <0, (3d)
i=1
where

Swj= =P+ (m—rm+1)-Q+ T+ U —a Al PA;,
O =ry- (R +Ry) + 71 - R3, S5 =(4,-D'6, Li6j = A/'TP’
T = - Ny, Ty =~ Q, Tas = B} O, T2 = B P,

Togy = & - Njg,» T3z = —a*MS, Tagj = -0 (T -9), Y55 = -0,
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257/ = ®TM/’ 2:66j =—a?- P, 267j = PM},

T
j ’

Y77 =& -1, Yrgi=¢- 8 Yggi =&+ 1,
Q=ry- Vo + - Vau + 7 - Var = 7 - (Van = Vi) + Vi A + Al VL,
+ Vara Ao + AT Vio + VanAs + AL VI, + Vi Ay + AL V],
Ar=[I -I 0 Olwxan Ao=[I 0 —I Olpixan
As=[I 0 0 —Iluxan) Ag=[0 I -I Olpuxan-
Then system (1a)-(1e) is globally exponentially stable with the convergence rate 0 < « <1 by
the switching signal designed by

o(k,x(k)) =i, wheneverx(k) € Q;, (3e)
where Q; is defined in (2a), (2b).

Proof Define the Lyapunov functional

k-1 -rm k-1

V(x,()za*kaT(k)Px(k)"' Z a’2ixT(i)Qx(i)+ Z ZaﬂixT(i)Qx(i)
i=k—-r(k) Jermrliskyy
0 k-1 ) 0 - i
f Y Y @ OR RO+ Y Y a T OR0
jE—rar+li=k-1+j Jormelickole]
k=1=r —
3 @S + Y a e () Tr(i), @
i=k—rpg i=k=rm

where P>0,Q>0,R;>0,R,>0,R3>0,5>0,T >0, and y(i) = x(i + 1) —x(i). The forward
difference of Lyapunov functional (4) along the solutions of system (1a)-(1e) has the form

AV (xi) = V(%) — V(o)

=@ o T (k4 DPa(k + 1) - 27 (R)Pa(0)]

k k-1
+ Z o 2xT (5 Qx(i) — Z o 2xT (1) Qu(i)
i=k+1-r(k+1) i=k—r(k)
k—rm
ra (g =) 2T (OQu(K) — Y HxT () Qu(i)
i=k+1-rpg
k-1 ‘
+a 9T ()[R, + Roly(k) — Z a2y )[Ry + Ry]y(i)
i=k—rpyp
k-1
ra o,y (ORsy(K) = Y ey (DRsy(i)
i=k—ry

+a 2k [oz”’” cxT (k= 1) Sk = 7,) — 2™ - 2T (k = rag)Sx(k — rM)]

+a 26 [T (k) Tae(k) — o - &7 (k = 1) T (k = 7). (5a)
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By some simple derivations, we have

k k-1
3 () - Y @ ()Qx()
i=k+1-r(k+1) i=k—r(k)

k-1

a0+ 3 @ ()Qx)

i=k+1-r(k+1)

k-1
- > @ ()Qu(i) - a 2¢O (k- (k) Qui(k - r(k))
i=k—r(k)+1
k-1
<a T 0Qxtk) + Y o« ()Qx()
i=k+1-rpp
k-1
Z o 2xT (1) Qi) — a_Z(k_’(k))xT(k - r(k))Qx(k - r(k))
i=k+1-ry,
k—=rm
o T (k) Qu(k) — oK WuT (k — (k) Que(k — (k) + Y " (D) Q).
i=k+1-rpg

From the above derivation, we can obtain the following result:
AV(xr) = Vxge) = Vi)
<a k. {a_z cxT(k + 1)Px(k +1) — xT (k) [P - T)x(k)

+ xT(k)[(rM —rm+1)- Q]x(k) —g?m -xT(k - r(k))Qx(k - r(k))
+ [x(k +1) - x(k)]T[rM (R + Ry) + 1y, - Rg] [x(k +1) - x(k)]

k—r(k)-1 k-1
[Z YT (Riy(i) + YT ORy@) + Y yT(i)Rzy(i)]

i=k—r(k) i=k-rpp i=k—rpg

k-1
o [ > yTu)Rsy(i)} o 2T (k= 1) [T = Shelh = 1)

i=k—rm

— oM xT (K = rpr) Sk — rag) } (5b)
Define
XT(k)z[xT(k) «T(k=rk)) (k= ra) xT(k—rm)].
By system (1a)-(1e), LMlIs in (3b), and Zl kr V(@) = x(k) — x(k — r(k)), we have
£ ][ ]l
i LY@ * Vip || y()

= r(k) X" (k) Vin X (k) + 2X 7 (k) Viaa [x(k) = x(k - r(k))]
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k-1
+ ¥ (i) Viaay(i) = 0,
i=k—r(k)
kil: X(k) ! Vou Vo | | X(k)
i y() * Vo || 20
= rp X7 (k) Vau X (k) + 2X 7 (k) Vara [w(k) — x(k — ra1)]
k-1
+ Z y' (i) Vazay(i) > 0,
i=k—rpg

< [X(k) ! Vau  Vaz | | X(k)
e LY * Vi | | ()

= rm X7 (k) VauX (k) + 2X7 (k) Vara [2(k) — x(k — 1) ]

k-1
+ Z y" (i) Vanay(i) > 0,
i=k—rm
k_fi_l X (k) i Van  Vane | | X(k)
i=k—rag y(0) * Vi || v
= (rar = () XT (k) Van X (k) + 2X T (k) Varo [ (k = (k) = x(k — rar) ]
k=r(k)-1
+ Z y7 (i) Vagay(i) = 0.
i=k—rpr

(6a)

(6b)

(6¢0)

(6d)

Assume o (k,x(k)) = j € N, then we can obtain the following result from system (1a)-(le):

x(k+1) = [Aj + AAj(k)]x(k) + [B,» + AB,(k)]x(k - r(k)),

_ _ _T
Y16j Y16j
o T T 226 | w1 | Z26f
o -xt (k+1)Px(k+1)=X" (k) 0 Ze6j X(k),
0 0

[x(k +1) - x(k)]T[rM (R +Ry) + 1y, - Rg] [x(k +1) - x(k)]

_ - _T
215 215
o5 s

=xT(h) - ;51 ) 35’ X(k),
0 0

and

AV (xp) + a2k

k-1

X [r(k)X T () VinX (k) + 2X7 (k) Vi [w(k) — w(k = r(K))] + Y yT(i)Vuzy(i)}

i=k—r(k)

+a . [rMXT(k) VouX (k) + 2X 7T (k) Vara [(k) — x(k — ra) |

Page 6 of 15
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k-1
+ Z ¥ (i) szzy(i)i|

i=k—rM

k-1
+a?k [rmXT(k)va(k)+2XT(k>vm[x<k)—x(k—rm)] + Yy yT(i)Vszzy(i):|

i=k—ryy
+o k. |:(VM = (k) X" (k) Van X (k) + 2X " (k) Vara [ (k = r(k)) = a(k = rar) ]

k—r(k)-1
+ >y V422y(i):|

i=k—rpr

<o 2T (k) (P AT PA; - Uy)a(K) + XT (k) - 35 - X(K)]

k-1
—a . Z y D[Ry = Vina |y(0)
i=k—r(k)
k-1
—a. Z v ()[e®™M Ry — Vo ]y(i)
i=k—rpr
k-1
—a . Z yT (D)[e®™ Ry = Vaza |3(i)
i=k—rm
k=r(k)-1
—ak Z v  ()[®MRy — Vana Jy(i), (7a)
i=k—rpp
where
_ T
X1s; 1s; 16j 16j
= o5 | et | 225 267 | w1 | T
%= 0’ by o] ol Teos ol , (7b)
0 0 0 0
Sy 0 0 0
— 0 IS 0 0
21/‘ _ 22j

0 0 g 0
0 0 0 Ty

+1p - Vouu + 1 - Vauu + rag - Van = 1 - (Van — Vi)

+ Vi Ay + AT VE, + Vo Ag + ATV, + Ve A + ATV, + Vi Ay + ALV],,
S5 = (A + AA; - DT O, T = (Aj + AA)TP,
Tosi= B+ AB)TO,  Tog=(Bj+AB)'P,

Yupk,1=1,2,...,6, A1, Ay, As, and A4 are defined in (3¢).

Define

- |Zy Ty Ty Xy
5 - 1j Y| _| =y ¥, F/Aj(k)Q/T + Q]»AjT(k)l".T, (7c)
* Zgj * 3j


http://www.advancesindifferenceequations.com/content/2013/1/39

Lien et al. Advances in Difference Equations 2013, 2013:39 Page 8 of 15
http://www.advancesindifferenceequations.com/content/2013/1/39

where
§ISj §16j isj Xej
— o5 Xogj o5 oej Y55 0
sz _ 25j 26§ , 22}’ _ 25j 26 , 23]‘ _ 55j ,
0 0 0 0 0 Y66
0 0 0 0

r T
Fj:[o 000 %L 26T7j], Q,:[NA], Ny 0 0 0 o].

By condition (3d) with Lemma 1 and the switching signal defined in (3e), we can obtain
the following result:

xT(k)(a_QAjTPA}- — L[i)x(k) <0, Vx(k)e ﬁ,. (7d)

By Lemmas 2 and 3, the condition i» <0 in (3c) will imply fj <0in(7c). fj <0in (7c) will
also imply %; < 0 in (7b). From the condition (7d) and X; < 0 in (7b) with (3a) and (3b), we
have

A‘/(xk) = V(karl) - V(xk) = 0’ k= 01 1; 2) 3,'“;

V(xra) < Viw), k=0,1,2,3,....
This implies

Vxr) < Vixo), k=0,1,2,3,...,

a—2k . Amin(P) . Hx(k)”2

< Vixx) < Vi(xog) <81 - lIxoll?,
where

81 = Amax(P) + [rM +rp(rm — rm)] ')\-max(Q) + V}Z\/[ - Amax(R1 + Ry) + rfn - Amax (R3)

+ (rM - rm) . )"max(s) tVm - )"max(T)'

By some simple derivations, we have

%) | < v/81/hmin(P) - &* - lolls,  k=0,1,2,3,....

By Definition 1, system (1a)-(1e) is globally exponentially stable with the convergence rate
0 < o < 1 with the switching signal in (3e). This completes this proof. O

Remark 1 Consider the discrete linear switched system:
x(k +1) = Agx(k).

Now we can choose the Lyapunov function as V (xx) = a~2*x7 (k) Px(k) with matrix P > 0,
the forward difference of the Lyapunov function is given by

AV () = V(xga) = Vi) =a 2k - [of2 cxT (k +1)Px(k +1) —xT(k)Px(k)].
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With o (k,x(k)) = j € N, we have
x(k +1) = Ajx(k),
and
AV(xr) = a2 - 2T (k) [« - AT PA; - Uy + Uy - Pla(k),

where matrix U; satisfies U; > 0 and U; — P < 0. If the condition in Lemma 1 is satisfied,

then we can obtain the following two results:
xT(k)[ot_2 -A]-TPAj - L[j]x(k) <0, whenever x(k) € §j,
AV(xg) <0.

In order to achieve the exponential stability of a discrete switched system, the condition

in Lemma 1 will be a reasonable choice and a feasible setting.

Remark 2 The matrix uncertainties in (1c)-(1le) are usually called linear fractional pertur-
bations [16]. The parametric perturbations in [4, 9, 10] are the special conditions of the

considered perturbations with E; =0, i € N.

Remark 3 Under the same switching signal defined in (3e), the switching domains of [6, 7]

are selected as:
Qi(P, U, A;) = {x(k) € R" :x" (k)| (ras — 1) - U = A] P— PA;Jx(k) < 0}, i=1,2,...,N,

where matrices P > 0 and U > 0. It is noted that above selections are similar to switching
signal design in continuous switched systems [8]. Hence the proposed switching domain
design approach is the discrete version of [6, 7] and shown to be useful from numerical

simulations.

In what follows, we consider the non-switched uncertain discrete time-delay system:

x(k+1) = [A + AA(k)]x(k) + [B + AB(k)]x(k - r(k)), k=0,1,2,3,..., (8a)

x(e):¢(9)) 0 :_rM)_rM'l'l;'u)O; (Sb)
where ¢(k) € N” is an initial state function, time-varying delay r(k) is a function from
{0,1,2,3,...} t0 {0,1,2,3,...} and 1 < r,, < r(k) < ry, 1y and ry; are two given positive
integers. Matrices A, B € W"*” are constant. AA(k) and AB(k) are two perturbed matrices
satisfying the following condition:

[A4() ABW)]=M- A0 N4 Nyl (8¢)

Ak =[I-T(R)E]'TK), EE"<I, (8d)
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where M, Ny, and Ng, and E are some given constant matrices with appropriate dimen-
sions. I'(k) is an unknown matrix representing the perturbation which satisfies

T k) < 1. (8e)

The following sufficient conditions for the stability of system (8a)-(8e) can be obtained
in a similar way to Theorem 1.

Theorem 2 If a given constant 0 < o < 1, there exist some n X n matrices P >0, Q > 0,
Ri>0,Ry>0,R3>0,5>0,T >0, Vg € R, Vyyy € WY, Vipy € W, [=1,2,3,4,
and constants € > 0 such that (3a), (3b), and the following LMI conditions are satisfied:

Eu 0 0 0 215 216 0 E18
* 222 0 0 225 226 0 228
* * X33 O 0 0 0 0
S * * X4 O 0 0 0 N Qanxan)  O@nxan) <0,
* * * * 355 0 Y57 0 * 0(4n><4n)
* * * * * Y66 67 0
* * * * * * X7y Xgg
| * * * * * * % Xgg
where

Su=-P+@ry—ru+1)-Q+T, Tis=A-1T0O,
Ti6=A"P, Tig=¢-Nj, Ty = —a?M . Q,

Y95 = BT O, Yy = BTP, Yog=¢- NI,

Y33 = —a¥MS, a4 = —a?m (T - S), Y55 = -0,
Y5 = QT M, Se6 = —02 - D, S¢7 = PM,

Yy =—e-1, Yis=¢-EBF, Ysg = —¢ -1,

©® and Q are defined in (3c).

Then system (8a)-(8e) is globally exponentially stable with the convergence rate 0 < o < 1.

Remark 4 In Theorems 1 and 2, the global asymptotic stability of switched system
(1a)-(1e) and non-switched system (8a)-(8e) can be achieved by setting o = 1. The non-
negative inequalities in (6a)-(6d) are used to improve the conservativeness of the obtained
results.

Remark 5 If we wish to select a switching signal to guarantee the stability of switched
system (la)-(1e), the following procedures are proposed.

Step 1 Test the exponential stability of each subsystem of switched system (1a)-(le) by
Theorem 2 with A = A;, B=B;, M = M;, Ny = Ny;, Ng = Np;, E = &,
i=1,2,...,N. If the sufficient conditions in Theorem 2 have a feasible solution
for some i € N, the switching signal is selected by o = i and the stability of the
switched system in (1la)-(le) can be guaranteed.
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Step 2 If the obtained stability results for each subsystem of switched time-delay system
(1a)-(1e) do not satisfy the requirement in Step 1, we can use Theorem 1 to
design the switching signal to guarantee the global exponential stability of
switched time-delay system (1a)-(1e).

From the results in Steps 1-2, we can propose a less conservative stability result of the
system.

3 lllustrative examples

Example1l Consider system (la)-(1e) with no perturbations and the following parameters
(Example 3.1 of [6]):

054 1.02 —-0.01 -0.06
Al = ’ AZ = ’
-017 -0.31 0.01 0.04
1 . d1 1
B, = 0.18 0.36 ’ B, - 0 0.18 '
-0.06 -0.12 -0.03 -0.04
In order to show the obtained results, the allowable delay upper bounds and switching
laws in (2a), (2b) that guarantee the global asymptotic and exponential stability for system
(1a)-(1e) with (9) are provided in Table 1.

Example 2 Consider system (1a)-(1le) with the following parameters (Example 1 of [10]):

. 2 . -0.1
A, = 08 O ’ A= 0.3 0 ’ B, = 0 0 ,
0 091 0 0.58 -01 -01
012 0 01 O
BZ = ’ Ml = MZ = ) (10)
0.11 0.11 0 01

001 O

Naqy = Nao = Ngi = Ny =
Al A2 Bl B2 |:0 0.01

}, B1=E,=0.

The delay upper bounds and switching signals (3e) with stability domains in (2a), (2b)
that guarantee the global asymptotic stability for system (1la)-(le) with (10) are provided
in Table 2.

Table 1 The obtained results for our proposed results in this paper

The delay upper bound and stability switching domains for switched system (1a)-(1e) with (9)

[6] fm=1,m=2 (o =1, globally asymptotically stable) _ .
Q1 ={[x1 x2)7 € R?:-12.0213x7 - 38.8254x1x; — 31.6356x3 < 0}, Q5 = R? \
Qurresults =1,y =178 (@ = 1, globally asymptotically stable) (o = 1)
rm =1,y =392 (o =1, globally asymptotically stable) (o = 2)
fm=1,m=186(=1, globally asymptotically stable) (c¢; =y =05
Q1 ={[x1 21" € R?:0.2018x7 +0.3982xx; — 0.2247x3 < 0}, Q5 = R? \
rm =1,y =20 (o = 0.95, globally exponentially stable) (ey = =0.5)
Q1 ={x1 x2)7 € R?:0.6762x7 +1.8317x1x2 +02681x3 < 0}, Q5 =N% \



http://www.advancesindifferenceequations.com/content/2013/1/39

Lien et al. Advances in Difference Equations 2013, 2013:39 Page 12 of 15
http://www.advancesindifferenceequations.com/content/2013/1/39

Table 2 Some obtained results for our proposed results in this paper

The delay upper bound and stability switching domains for switched system (1a)-(1e) with (10)

(10l rm=1,m=5 (a=1) (under arbitrary switching signal condition)

[4] rm =1,y =6 (= 1) (under arbitrary switching signal condition)

[6] Results fail (switching signal cannot be selected even when no perturbations)
Our rm=1n=7(a=1,globally asymptotically stable) (o = 1)

result fm=1,m1=19 (@ =1, globally asymptotically stable) (o = 2)

rm=1,rny=10(=1) (Choose @y =0.1 and ac» =0.9)
Switching signal in (3e) with Q7 = {[x1 x2] € R? 1 5.8081x7 + 7.1275x1x; + 1.7783x5 < 0}, 5 = R” \ @

Table 3 The obtained results for our proposed results in this paper

The delay upper bound and stability switching domains for switched system (1a)-(1e) with (11)

[4,10] Results fail (under arbitrary switching signal condition)

[6,7]  Results fail (switching signal cannot be selected even when no perturbations)

Our Fail to guarantee the stability of each subsystem in Theorem 2

results 9 py=7 (= 1, globally asymptotically stable) (@ =, = 0.5)

Switching signal in (3e) with Q1 = {[x; x2] € %2 :27.9396x7 +3.3182x1x, - 18.2592x5 < 0}, 5 = R” \ Q;

Example 3 Consider system (1a)-(1le) with the following parameters:

1.02 0.1 0.1 0 0 0
A= ) Ay = ) B, = )
0 0.05 0.1 1.01 01 -0.1

01 0 02 0
B, = . My=M, = ) 11
> [0.1 —0.1} e [ 0 0.1} D

001 O

Ny1=Nyy =Np =Np; =
A1 = N4z = Np1 = Np |:0 0.02

:|, E1=E83=01-1

The delay upper bounds and switching signals (3e) with stability domains in (2a), (2b)
that guarantee the global asymptotic stability for system (1a)-(1e) with (11) are provided in
Table 3.

Note that the matrices A; and A; in this example are not Hurwitz, the results in [4, 6, 7],
and [10] cannot find any feasible solution to guarantee the stability of a switched system
for arbitrary and designed switching signals. The proposed results in [4] and [10] are sub-
jected to an arbitrary switching signal condition, we illustrate the comparisons here only
for showing the advantage for switching signal design of the proposed results in this paper.

Switched system (la)-(1e) with (11) is asymptotically stable by the switching signal de-
signed by

okl = |7 T (12)
2, x(k) €N\,

Q1 ={lx1 x]" €N*:27.9396x] +3.3182x1x, — 18.2592x3 < 0}.
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line: x3).

Figure 1 State trajectories for the selected
switching signal in (12) (solid line: x1, dotted

Figure 2 State trajectories for the arbitrary 60
switching signal (solid line: x;, dotted line: x5). 50

40
30

X 20
x

Table 4 The obtained results for our proposed results in this paper

The delay upper bound and stability switching domains for switched system (1a)-(1e) with (13)

[4,10] Results fail (under arbitrary switching signal condition)

[7] rm =1,y =4(a=1,globally asymptotically stable) B B
Q1 ={lx x)" € R2:-0.9918x2 - 0.035x1x, - 1.4672x3 < 0}, 2 = N2 \ Q;

Ourresults  rm=1,my=7(a=1,globally asymptotically stable) o = 1 (Theorem 2)

With initial state ¢(9) = [10 —10]7,6 = -7,-6,...,-1,0, state trajectories for the selected
switching signal in (12) and the arbitrary switching signal are shown in Figure 1 and Fig-

ure 2, respectively.

Example 4 Consider system (1a)-(1e) with no perturbations and the following parameters

(Example 1 of [7]):

-0.1
A= 0
0.02

-0.1
B = 0
0.02

The delay upper

0.01 1 2

) AZ = 0 )
-0.2 01 2
0.01 01 0.02

) B2 = .
-0.3 0.01 0.2

bounds and switching signals (3e) with stability domains in (2a), (2b)

(13)

that guarantee the global asymptotic stability for system (1a)-(1le) with (13) are provided

in Table 4.

Page 13 0of 15
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Note that the eigenvalues of A, are 0.9804 and 2.0196, Theorem 1 and Theorem 2 with
the second subsystem cannot use to guarantee the stability of system (1a)-(1le) with (13).

4 Conclusion

In this paper, the switching signal design to guarantee the global exponential stability for
uncertain discrete switched systems with interval time-varying delay and linear fractional
perturbations has been considered. Some nonnegative inequalities and LMI approach are
used to improve the conservativeness of the proposed results. A procedure has been pro-
posed to test the stability of the switched system and design the switching signal. The
obtained results are shown to be less conservative and useful via numerical examples. In
the future, switching signal designs for robust stabilization and performance (guaranteed
cost control, Hy, control, nonfragile control, passivity analysis and passive control) can be
investigated and developed [10, 19, 20].

Appendix
Lemma 1 If there exist some constants 0 <o <1,0 <o; <1,ieN, Zﬁl a; =1, some ma-
trices P > 0, U; > 0 such that

N
> o (ATPA; -0 - ) <0,
i=1

we have

N
Q=" and @nQ=a, Vi#j

i=1
where ® is an empty set of W' and Q; is defined in (2a), (2b).

Proof This lemma can be proved in a similar way to [6-8]. O

Su Si2

Lemma 2 [21] For a given matrix S = [ 2% Sy

| with Sy = ST, S22 = S1,, the following con-
ditions are equivalent:

(1) S<0,

(2) S22 <0, 811 = $125538, < 0.

Lemma 3 [16] Suppose that A;(k) is defined in (1d) and satisfies (1e), then for real matrices
Vi, W;, and X; with X; = XiT, the following statements are equivalent:
(I) The inequality is satisfied

Xi+ Vihi(k)W; + W AT (k) V] <0;
(II) There exists a scalar &; > 0 such that
Xi Vi o&-WT
x -—g-1 &-BI|<0,

* * —&; -1

where the matrix B; is defined in (1d).
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