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Abstract: The problem of robust stabilization for a class of discrete-time switched large-scale systems with parameter uncertainties
and nonlinear interconnected terms is considered. By using state feedback and Lyapunov function technique, a decentralized switching
control approach is put forward to guarantee the solutions of large-scale systems converge to the origin globally. A numerical example
and a corresponding simulation result are utilized to verify the effectiveness of the presented approach.
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1 Introduction

Dynamical systems include two classes of typical systems
which consist of continuous-time systems and discrete-time
systems. A continuous-time system is described by an ordi-
nary differential equation. However, a discrete-time system
is described by a difference equation. If each eigenvalue of
state matrix in a continuous-time linear system has a neg-
ative real part, then the linear system is Hurwitz stable.
If all eigenvalues of state matrix in a discrete-time linear
system locate in a unit circle in the complex plane, then
the linear system is Schur stable. Stability is an impor-
tant performance index in the process of system control.
When all kinds of uncertainties or disturbances appear in
dynamical systems, a problem on how to design suitable
robust controllers for stabilizing the systems has become a
challengeable task for researchers.

In the real world, a lot of systems in various engineer-
ing fields are discrete-time cases. Therefore, it is very
important and valuable to investigate discrete-time dy-
namical systems. Hitherto, many research fruits in differ-
ent aspects on discrete-time systems have been obtained

respectively[l_ﬂ .

With the development of hybrid control theory, switched
systems as a class of typical hybrid systems have been in-
vestigated extensively in view of their applications in some
engineering fields such as aviation and spaceflight, computer
control systems, underwater robots, etc. Switching control
technique has become one of potential effective approaches
in control theory and control engineering fields in recent
8=101 ' One of hot issues in research is on how
to stabilize dynamical systems via an appropriate switching
control approach.
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A discrete-time switched system is composed of a fam-
ily of discrete-time subsystems and a piecewise constant
signal that orchestrates the switching between them. The
piecewise constant signal is called a switching law, which
plays an important role in determining dynamical behav-
iors of the whole system. A discrete-time switched system
with two Schur stable subsystems may be stable or unsta-
ble under a certain switching law. It is well known that the
existence of a common quadratic Lyapunov function is cor-
relative to stability of systems via arbitrary switching. It
is necessary that a stable switching law will be designed to
guarantee the systems stability under the condition of the
nonexistence of a common quadratic Lyapunov function.
Many researchers have been exploring and attempting a lot
of new approaches for switched systems. In recent years,
discrete-time switched systems have received a great deal

of attention!* 21,

The problems of stability and stabilization for discrete-
time switched systems have been investigated[u_lg]. By
using switched quadratic Lyapunov functions and linear
matrix inequality approach, the problems of asymptotic
stability and stabilization of two time scale switched sys-
tems under arbitrary switching were solved respectively[nl.
A switching signal was designed to guarantee a class of
switched systems exponentially stable and robust against
various switching perturbations!'?. Based on average
dwell time approach, the problems on stability analy-
sis and Ho, static output feedback control of discrete-
time switched systems were considered respectively[13’ 4],
Essentially, design of switching signal or switching law
is very important to guarantee the stability of switched

systemsm*%]. Especially, switching signal design is
very difficult under the particular conditions including
disturbance!’”!, time-delay'”, Markovian probabilities!*®!,

[25—28]

and uncertainties in switched systems. Consequently,

it is necessary to solve the problem of switching signal de-
sign for switched systems.

Uncertain discrete-time switched large-scale systems are
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composed of a family of interconnected low-dimensional
discrete-time subsystems. Each subsystem is constructed
by switching between several discrete-time subsystems with
parameter uncertainties. However, the problem of switch-
ing control for uncertain discrete-time switched large-scale
systems has not been explored so far, to the best of my
knowledge.

In this paper, the problem of robust stabilization for a
class of discrete-time switched large-scale systems is stud-
ied. Parameter uncertainties in the state matrix and the
control matrix of the systems are norm-bounded. Intercon-
nected terms of low-dimensional discrete-time subsystems
are nonlinear and norm-bounded. Based on structural char-
acteristics of the systems, each discrete-time subsystem can-
not be stabilized by any controller. It implies that the whole
discrete-time switched large-scale system cannot be stabi-
lized by designing decentralized controllers only. However,
not only decentralized controllers are designed, but also cor-
responding decentralized laws are designed simultaneously.
A decentralized switching control approach is put forward
in this paper. Based on matrix inequalities, discrete-time
switched large-scale systems can be well stabilized.

So far, the problems on stabilization of an uncertain
discrete-time switched system without interconnected terms
or a single uncertain discrete-time large-scale system with-
out switching have been investigated only. Compared with
existing results, the contribution of the paper is that a de-
centralized switching control approach is derived to solve
successfully a difficult problem on robust stabilization for
a class of uncertain discrete-time switched large-scale sys-
tems with nonlinear interconnected terms under the condi-
tion that each discrete-time subsystem cannot be stabilized
by any controller. A numerical example is utilized to illus-
trate the effectiveness of the decentralized switching control
approach.

The organization of this paper is as follows. Section 2 de-
scribes discrete-time switched large-scale systems with pa-
rameter uncertainties. The decentralized controllers and
the decentralized laws are designed to stabilize the systems
in Section 3. In Section 4, a numerical example illustrates
the effectiveness of the designed switching control approach.
Finally, concluding remarks are given in Section 5.

Notations. Throughout this paper, R™ denotes the n
dimensional Euclidean space. P™"*™ is the set of all n x m
real matrices. P > 0 denotes that P is a real symmet-
ric positive definite matrix. P < 0 denotes that P is a
real symmetric semi-negative definite matrix. QT denotes a
transpose matrix of ). I denotes the identity matrix with
appropriate dimension. Expression B < C denotes B is
equivalent to C. Amaz(A) denotes the maximum eigenvalue
of matrix A. arg{+} denotes a subscript value that satisfies
the condition expression in the bracket. || - || denotes the
Euclidean vector norm or induced matrix 2-norm.

@ Springer

2 Problem formulation and preliminar-
ies

Consider a class of uncertain discrete-time switched
large-scale systems described by

.Tl(k} + 1) = (Aio'i + AAWL).Z‘l(kJ)—f—
(BiUi +ABiai)ui0i(k) —I—gl(a:(k)) (1)

where z;(k) € R™ and uo, (k) € R are the state vec-
tor and control input of the i-th subsystem respectively,
i =1,2,---,N. Ajp, € P™*™ B, € P™*" are the
constant matrices of appropriate dimensions. AA;,, €
pmix™i and AB;,, € P™*"i are the parameter uncer-

tainties. o; = j € S; is a switching law or switching
signal of the i-th subsystem. In fact, o; is a piecewise
constant function. S; = {1,2,---,k;} is a set with posi-

tive integers. g;(xz(k)) € R™ are nonlinear interconnected
terms. (k) = [z1(k) z2(k) --- zn(k)]T € RY is the state
vector of discrete-time switched large-scale systems, where
q= Zi\;l mi.

The parameter uncertainties are norm-bounded and are
assumed to be of the following form

[AAiUVi ABiUJ = owsz(k)[sz Niffi} (2)

where Do, , Mio;, Nio;, are known constant real matrices of
appropriate dimensions and Fj., (k) are unknown matrices
that satisfy

Fig, (k) Fig, (k) < I. (3)

The nonlinear interconnected terms are norm-bounded
and satisfy

gi(z(k)) < 7illz (k)] (4)

where ~; is a positive real number.
By employing linear state feedback, decentralized con-
trollers are designed as

Uio, (k‘) = sz;rl(k) (5)

Uncertain discrete-time switched large-scale systems (1)
result in the closed-loop systems

e (k + 1) = (Aia,i + Biai Kia,i + AAioi‘F
ABio, Kio,)wi(k) + gi(z(k)). (6)

In this paper, the significance and value of research em-
bodies that the closed-loop systems (6) are unstable for any
Ko, . It implies that uncertain discrete-time switched large-
scale systems (1) cannot be stabilized by any controller. A
new switching control approach of the systems will be put
forward under the above restricted condition to guarantee
the closed-loop systems (6) be stable. In order to obtain
main results of this paper, two important results are em-
ployed firstly.

Lemma 1.2 Let M, N, Q be constant matrices of ap-
propriate dimensions, @ = QT > 0, then for any scalar
€ > 0, we have

MTN +NTM <eMTQ M+ 'NTQN (7
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Lemma 2.0 Suppose A, D, E are the given matrices.

If P is a positive definite matrix and § > 0 is a scalar, such
that 6" — DTPD > 0, then

(A+ DFE)"

AT (P—l

P(A+ DFE) <
—6DD") 'A4+6'ETE (8)

holds for the arbitrary norm-bounded time-varying uncer-
tainty F with FTF < I.

3 Main results

Firstly, a class of uncertain discrete-time non-switched
large-scale systems is considered

(Bi + ABi)u;(k) + gi(z(k)). (9)

The parameter uncertainties satisfy the norm-bounded
condition

[AA; AB:] = D;Fy(k)[M; Ni] (10)

where D;, M;, N; are known constant real matrices of ap-
propriate dimensions and F;(k) are unknown matrices that
satisfy

Fr(k)Fi(k) < 1. (11)

The nonlinear interconnected terms are norm-bounded
and satisfy the above condition (4). By employing linear
state feedback, decentralized controllers of the systems (9)
are designed as

Uncertain discrete-time non-switched large-scale systems
(9) result in the closed-loop systems

zi(k+1) = (Ai + BiKi + AA+
ABiK (k) + gi(a(k)). (13)

Theorem 1. The closed-loop systems (13) are asymp-
totically stable via linear state feedback (12), if there exist
symmetric positive definite matrices P; > 0 and constant
real matrices K; and positive real scalars € > 0 and 6 > 0,
such that the following matrix inequalities hold

(1+&)[6 (M + NiKy)" (M + N K:)+
(Ai + BiK) (P — 6D DY (Ai + BiK))—

N
Z ’YZQAmax(B)Iz < O (14)

=1

P4 (7' 41)

Proof. By Lemma 1, the following linear matrix inequal-
ity (LMI) holds.

ATPB+ BTPA <
aATPP'PA+ o 'BTPB =
aA"PA+a 'BTPB (15)

where P = PT > 0 is a symmetric positive definite matrix
and « > 0 is a positive scalar.

Considering a Lyapunov function

Vi(zi1(k)) + Va(x2(k)) + - + VN (zn (k) =

' z; (k) Pi(i(k)) (16)
where P; > 0, V;(z:(k)) = 27 (k) P;(2:(k)),i=1,2,--- ,N.

Along the trajectories of systems (13), the dlfference of
V(z(k)) is given by

AV(z(k)) =
Viz(k+1)) = V(z(k)) =
D Wilwi(k +1)) = Vi(ai(k)] =

Z[ml (k+1)Pizi(k +1) —z] (k)Pazi(k)].  (17)

Z{[(Az + BiK; + AA+
ABK)wi(k) + gi(z(k)]"
Pi[(Ai + BiKi + AA; + AB, K;)ai(k) + gi(z(k))]—
x; (k)Pxi(k)}. (18)
Further, it is obtained
[(Aizi(k) + gi(x (k)] Pil(Aizi(k) + gi(z(k))] =
i (k)A7 Pidiai(k) + o (k) AT Pigi(a(k))+
gi @(k)) P Aswi(k) + g7 (z(k)) Pigi(z(k))  (19)

From Lemma 1, the following matrix inequality holds

/—\/-\

zi (k)A] Pigi(x(k)) + g; (2(k)) Pi Aiwi(k) <
ex; (k)A7 PiAizi(k) + e gl (a(k)) Pigi(x(k))  (20)

where € > 0 is a positive scalar.
According to expression (4), it is obtained

gi (@(k)) Pigi(x(k)) < [lgs (x(k))I* x [|P:|| <
% Amas (P |z (k). (21)

Therefore,

N
<> @l (B)[(1 +e)AT PA; — Pt

7

Z’Y )\maz -Pl I]ml( ) (22)
=1
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From (10), it is obtained
A; = Ai+ BiK; + AA; + ABK; =
Ai + BiK; + Dy Fy(M; + N; K;) =
A; + DiF,E;

where A; = A; + B;K;, E; = M; + N; K.
It is obtained
ATPA; = (A; + D;F,E)T Pi(A; + D, FE;).
By Lemma 2, the following inequality holds
AP A; <6'EfE + AT (P —6D:D )M A (23)
Hence, it is obtained
AT PA; <6 (Mi + NiK:) T (M + NiKG)+
(Ai + B;K:)" (P —6D:DF Y 1 (Ai + BiK;)  (24)

where § > 0, P! — §D;DF > 0.
Combine (22) with (24)

) < Z {(1+ )67 (Mi + N:K:) " x

(M; +NK_) + (Ai + BiK) " (Pt — 6D, D) !

=1

(Ai + BiK,)] — Pi+ (7}

It is obtained
AV (z(k)) < 0.

The closed-loop systems (13) are asymptotically stable via
linear state feedback (12). O

Theorem 2. For given positive scalars «a;; > 0 that
satisfy Z Loy =1, ¢ =1,2,--- N, j =1,2,--- ki,
the closed loop systems (6) are asymptotically stable via
switching control laws (26), if there exist symmetric positive
definite matrices P; > 0, constant real matrices K;; and
positive real scalars € > 0 and 6 > 0, such that the following
matrix inequalities hold:

1+¢) Za”

(Aw + By Kij)" (P! = 8Dy D)~

Y(Mij + Ny Koiy) T (My; + Nij Kij)+
(Aij + Bij Kij)]—
N
1)) " 4 Amax (P < 0. (25)
I=1
The decentralized switching control laws are designed as
g; = ] = arg{mlna:;r(k) [5_1(Mij + Ninij)TX
(Mi; + NigKy5) + (Agj + BisKig) ' x
(P71 = 6Dy D) (Ayj + By Kig)lwi(k)}.  (26)
Proof. Considering Lyapunov function (16), along the

trajectories of systems (6), the difference of V' (x(k)) is given
by (17).

@ Springer

According to equation (17) and switching control laws
(26), it is obtained

AV (z(k) = > {[(Aio, + AAig,)zi(k) + (Bio, +

ABio, Juio, (k) + gi(x(k))]" Pi[(Aio; + AAio, )i (k)+
(Bio, + ABio, )tis, (k) + gi(x(k))] — 2} (k) Piwi(k)} =

> {l(Ayj + AAij)zi(k) + (Bij + ABij)ua; (k)+

gi(x (k)" Pi[(Aij + AAij)xi(k)+
(Bij + ABij)uij (k) + gi(z(k))] — z; (k) Pixi(k)}.
(27)

Further, it is obtained

[(Aijzi(k) + gi(x(k))] " Pi[(Asjzi(k) + gi(z(k))]
o} (k)AL P Asjai(k) + o (k) A} Pigi(z(k))+
g9i (x(k)) P Aijzi(k) + g; (z(k))Pigi(z(k))  (28)

where Ai]' = Aij + Binij + AA” + ABUK”
By Lemma 1, the following matrix inequality holds
i (k)Ai; Pigi(z(k)) + g; (x(k)) PiAii(k) <
ex; (k) Ai; PiAijai(k) + e g (z(k))Pigi(z(k)). (29)

where € > 0.
According to expression (21), it is obtained

N
Zm +5A PA — P+

1

Z’Y Amaac Pl []mz( ) (30)

=1
By inequality (24), the following inequality holds

AGPAG < 67N (Mij + NigKig) " (Mij + NigKij)+
(Aij + BijKij) (P = 8Dy D35) ™' (Aij + By Kij).
(31)

Combining (30) with (31),

< Zm, 1+€ [6 (M,]—FN,]K”)T
(Mij + Nij Kij) +
§Di; Di5) " (Aij + Bij Kij)] — Pit

(Aij + By Kiy) (P! =

7

Z’Yl max(P1) i }i (k).

=1
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Design decentralized switching control laws

o =j= arg{minx?(k)[(l + E)(671(Mi]~ + Ni]'Kij)TX
(Mi; + NijKij) + (Aij + Bij Kij) " x
(P! = 6Di; D) (Aij + BijKij))—

N
Pt (g7 +1) ) 7 Amax(P) Lzi(k)} <
=1

oi=j= arg{minx;r(k)w*l(Mij + Ninij)TX
(Mij + NijKi5) + (Asj + Bij Kij) "
(P! = 6Dy D)™ (Aij + BijKij)|wi(k)}.

It is obtained

AV (z(k)) < 0.

The closed-loop systems (6) are asymptotically stable via

switching control laws (26).

4 A numerical example and its simula-

tion

Consider a class of uncertain discrete-time switched
large-scale systems with two low-dimensional subsystems

given by

xl(k —+ 1) = (A10'1 —+ AAlo'l)xl(k') + (Blcr1+
ABlo'l )ulal (k) + g1 (IIZ(I{)))
2o(k +1) = (A20y + Aday,)x2(k) + (Bag,+

ABag, )u25, (k) + g2(x(k)) (32)

where
21 (k) = [z11(k) z12(k)]"

w2 (k) = [w21(k) w22(k) w23(k)]"

6 0 12 0
A = Ay =
H {0 1.3 12 { 0 3]
1 0
By — , Bia =
11 |: O 12 |: 1 }
in(k) 0
AAyy = DyyFuy (k)M = —10-2 x | 5
11 11 Fi1 (k)M |: 0 dcos(k)

AAis = DiaFia(k) M2 =

10-3 x 18cos(k) 0 }

0 —4sin(k)

in(k
ABq = D11F11(]€)N11 =-10"3 x |: Slno( ) :|

AB1z = D12 F12(k)N12 = 1072 x |: 0 :|

8sin(k)
, -1 0] . —03 0
1 = 0 0.2 |’ e 0 0-2
| 0.1sin(k) 0
Fii(k) |: 0 —0.2cos(k) :|
| —0.3cos(k) 0
Fia(k) = |: 0 —0.2sin(k) :|

[ 0.1 0
N = 7]\/v =
11 O:| 12 |:02:|
(3 0o o0 ] 1.1 0 0
A21: 0 1.2 0 7A22: 0 4 0
[0 0 11 | 0 0 1.2
(12 0 0]
Azz = 0 1.1 0
L 0 0 5|
[ 1 0 0
Bai=| 0 |,Ba=|11|,Bas=1]0
| 0 0 1

AAzr = Da1 Fo1(k)M2 =

2sin(k) 0 0
—107% x 0 6sin(k) 0
0 0 12cos(k)

AAszo = Do Fao(k)Maz =

2cos(k) 0 0
—107% x 0 4cos(k) 0
0 0 9cos(k)

AAszz = DasFas(k)Mas =

@ Springer



548 International Journal of Automation and Computing 16(4), August 2019

20cos(k) 0 0 0.2 0 0
1073 x 0 9sin(k) 0 Noy=| 0 |,Na2a=1| 0.1 |, Noz = 0
0 0 0 0 0 —0.1
[ 4sin(k [ /2T (R)za(k
AB31 = D21 F21(k)N21 = 1077 X 0 xT (k)1 (k)
i 0
[ /22T (k)1 (k)
_ 0 5
ABay = Doy Fay(k)Naz = 1072 x | 2cos(k) 92(x(k)) = 0.2 x 221 (k)a1 (k)
0 2
] L Vs (k)za(k)
0
ABas = D23Fo3(k)Nag = —1073 x 0 It is easy to verify that each subsystem of the systems
12sin(k) (32) cannot be stabilized by any controller. However, by
utilizing the switching control approach presented in this
" 02 0 0 paper, the whole large-scale system can be stabilized effec-
Dot — tively.
2a=1 0 01 0 Firstly, the parameters are given as
0 0 03
[ —01 0 0 o11 = a2 = 0.5
1
Dao = 0 02 0 Q21 = Q2 = Q23 = 3
0 0 0.1
L Y1 :01,’}/2202
[05 0 0 The solutions to the matrix inequalities (25) are found.
D3 = 0 03 0
0 0 04 e=0.1,d=1
0.1sin(k 0 0 1 0 00
.1sin(k) . P = P 1o
Fai (k) = 0 —0.2sin(k) 0 0 1 0 0 1
i 0 0 0.2cos(k)
[ 0.2cos(k) 0 0 Bu = [ —6 0 } Kz = [ 0 =3 }
Fa(k) = 0 0.1cos(k) 0
i 0 0 0.3cos(k) K21:[ ~3 0 O}7K22:[0 4 O}
[ 0.2cos(k) 0 0
Fp3(k) = 0 0.3sin(k) 0 Koz = [ 0 0 =5 ]
0 0 0.3sin(k)
) Take the initial condition
-01 0 0 |
20 =1[20 —20 — 1025 10]", 1 < k < 16.
Mo, = 0 03 0
| 0 0 -02 | Let
01 0 0 | ) -
Mem=| 0 —02 o0 Sig =067 (Mij + Nij Kij) " (Mij + NijKij)+
| 0 0 —03 | (Aij + BijKij) (P = 6Dy D35) ™' (Aij + BijKij).
_ By calculating, it is obtained
02 0 O
Mz = 0 01 O Sy — 0.2500 0
L0 0 0 ST 00 1704
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1.6224 0
S12 =
|: 0 0.4900 :|

—1.3724 0
Y1=S11S12=|: ]

0 1.2804
[ 0.4900 0 0 |
So1 = 0 1.5445 0
0 0 1.3697
[ 1.2322 0 0 |
Soo = 0 0.3600 0
0 0 1.5445 |
[ 1.9600 0 0
Sa3 = 0 1.3397 0
0 0 0.2500 |
[ —0.7422 0
Yo = 591 — Sa2 = 0 1.1845
0 0
[ —1.4700 0
Y3 = So1 — Sa3 = 0 0.2049
0 0
[ —0.7278 0
Yi = S22 — Sa3 = 0 —0.9797
0 0

Decentralized switchihg controllers are
ui1(k) = Knizi(k) = —6z11(k)
u12(k) = Kizx1(k) = —3w12(k)
u21 (k) = Korz2(k) = —3x21(k)
uz (k) = Kaowa(k) = —4dxaa(k)
u2s (k) = Kaszza(k) = —5xas(k).

And decentralized switching laws are as

i (k)Yiz1(k) <0
otherwise

%10
6 . .
— *u
SEl-—-—- *2
X1
TTT X
4r —— Xy
3_
S
= sl
1_
0 F——h———k
_1 1 1
0 2 4

Fig.1 State response

of original large-scale systems with Aj;

and A21
; <103
— Xn
(J pE— X1z
0 5 X21
o 1 == X2
~0.1749 4 =
=
5 3t
0
2 L
0
1.1197 Ir
0 F—t—d—t—x %
O L I L
0 ! 0 2 4 10 12 14 16
k
1.2945
Fig.2 State response of original large-scale systems with A
and A22
<103
7 ‘

1, 3 (k)Yaxa(k) <0 & x5 (k)Yaz2(k) < 0
09 = 2, aj’;r(k‘)YQQZQ(k‘) >0& xQT(k)K;xg(k) <0
3, otherwise.

and A23

*n

Fig.3 State response of original large-scale systems with A;;
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x10
1 ; : ‘ : : . ‘ : 2500
R e 2000
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—1 \ 1500
~ \\ —
S ! = 1000
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=3 — *u ! 500
- —== X ‘\
Xy \
—4r| _ - Xp \‘ 0
—k— X3 \
—5 : . : : : —500 . . : . : . :
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
k k
Fig.4 State response of original large-scale systems with Ajs Fig.7 State response of controlled large-scale systems with A;;
and A21 and A21
10
7 3000
— Xn
20 ____ X1 ' 2500
L : X21 1
S o | 2000 |
8 L —%F—— X3 1]
< I.‘ 1500 -
= 6f ; e
| 1000 r
4+ e
5l S 500
4 3
0 e 0
-2 y ; : ; : ! ‘ —500 ‘ : g ‘ . ‘ y
0 2 4 6 8 100 12 14 16 0 2 4 6 8 10 12 14 16
k k
Fig.5 State response of original large-scale systems with Ai» Fig.8 State response of controlled large-scale systems with A1q
and A22 and A22
1012
350 600
— Xy L | — *n
14 D 500 Xia ‘/__;
251 : X21 400 | Xg1 /‘/_‘/.
o X2 O 2 -
ol L —=— *» 200l O X3 //-".‘ |
= 2 e A
wLoy = 107 e
1k Oaiw_‘_i-___‘§ ]
—100} N
0.5 T o
—200f S~ ,
0 fr e —300 1 AN
—0.5 - - ‘ . : . ; —400 . . : : : . :
0 2 4 6 8 10 12 14 16 0 2 4 6 8 100 12 14 16
k k
Fig.6 State response of original large-scale systems with Ai» Fig.9 State response of controlled large-scale systems with A1,
and A23 and A23

@ Springer



C. C. Sun / Stabilization for a Class of Discrete-time Switched Large-scale Systems with Parameter Uncertainties 551

3000

2500

2000

< 1500
=
1000

500

Fig.10 State response of controlled large-scale systems with
Alg and Agl

Fig.11 State response of controlled large-scale systems with
A12 and A22

1600
1400 f

1200
1000 |

x(k)

600 r
400
200

—200 L
0

Fig.12 State response of controlled large-scale systems with
A12 and Azg

x(k)

Fig.13 Stable state response of discrete-time large-scale sys-

tems via switching

In order to show better the effectiveness of switching con-
trol approach presented in this paper, three results are com-
pared by several numerical simulations in three different

cases.

Case 1. The original large-scale systems are unstable
when all decentralized controllers ui,, (k) = 0 (see Figs.
1-6).

Case 2. The controlled large-scale systems without
switching are also unstable when all decentralized con-
trollers w;q, (k) = Kiq;xi(k) are active (see Figs. 7-12).

Case 3. The controlled large-scale systems with switch-
ing are asymptotically stable when all decentralized con-
trollers w;q, (k) = Kiq,xi(k) are active (see Fig. 13).

Therefore, the class of discrete-time large-scale systems
with parameter uncertainties can be stabilized robustly via
a combinational control approach. In other words, when
decentralized state feedback controllers and decentralized
switching laws are active simultaneously, the closed-loop
large-scale systems can achieve stability.

5 Conclusions

The problem of robust stabilization for a class of discrete-
time switched large-scale systems with parameter uncer-
tainties is studied. Based on matrix inequalities, a suffi-
cient condition of stabilization for the systems is obtained.
Robust state feedback decentralized controllers and corre-
sponding decentralized laws are designed to stabilize the
systems. A numerical example and its simulation illustrate
the validity of switching control approach derived in this

paper.
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