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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[1−7].

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

two decades[8−10]. 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[11−21].

The problems of stability and stabilization for discrete-

time switched systems have been investigated[11−19]. 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[11].

A switching signal was designed to guarantee a class of

switched systems exponentially stable and robust against

various switching perturbations[12]. Based on average

dwell time approach, the problems on stability analy-

sis and H∞ static output feedback control of discrete-

time switched systems were considered respectively[13, 14].

Essentially, design of switching signal or switching law

is very important to guarantee the stability of switched

systems[22−24]. Especially, switching signal design is

very difficult under the particular conditions including

disturbance[15], time-delay[17], Markovian probabilities[18],

and uncertainties[25−28] 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, Rn denotes the n

dimensional Euclidean space. P n×m is the set of all n×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 Q. I denotes the identity matrix with

appropriate dimension. Expression B ⇔ C denotes B is

equivalent to C. λmax(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.

2 Problem formulation and preliminar-

ies

Consider a class of uncertain discrete-time switched

large-scale systems described by

xi(k + 1) = (Aiσi + ∆Aiσi)xi(k)+

(Biσi + ∆Biσi)uiσi(k) + gi(x(k)) (1)

where xi(k) ∈ Rmi and uiσi(k) ∈ Rri are the state vec-

tor and control input of the i-th subsystem respectively,

i = 1, 2, · · · , N. Aiσi ∈ P mi×mi , Biσi ∈ P mi×ri are the

constant matrices of appropriate dimensions. ∆Aiσi ∈
P mi×mi and ∆Biσi ∈ P mi×ri are the parameter uncer-

tainties. σi = j ∈ Si is a switching law or switching

signal of the i-th subsystem. In fact, σi is a piecewise

constant function. Si = {1, 2, · · · , ki} is a set with posi-

tive integers. gi(x(k)) ∈ Rmi are nonlinear interconnected

terms. x(k) = [x1(k) x2(k) · · · xN (k)]T ∈ Rq is the state

vector of discrete-time switched large-scale systems, where

q =
∑N

i=1 mi.

The parameter uncertainties are norm-bounded and are

assumed to be of the following form

[∆Aiσi ∆Biσi ] = DiσiFiσi(k)[Miσi Niσi ] (2)

where Diσi , Miσi , Niσi are known constant real matrices of

appropriate dimensions and Fiσi(k) are unknown matrices

that satisfy

FT
iσi

(k)Fiσi(k) ≤ I. (3)

The nonlinear interconnected terms are norm-bounded

and satisfy

gi(x(k)) ≤ γi||x(k)|| (4)

where γi is a positive real number.

By employing linear state feedback, decentralized con-

trollers are designed as

uiσi(k) = Kiσixi(k). (5)

Uncertain discrete-time switched large-scale systems (1)

result in the closed-loop systems

xi(k + 1) = (Aiσi + BiσiKiσi + ∆Aiσi+

∆BiσiKiσi)xi(k) + gi(x(k)). (6)

In this paper, the significance and value of research em-

bodies that the closed-loop systems (6) are unstable for any

Kiσi . 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.[29] Let M, N, Q be constant matrices of ap-

propriate dimensions, Q = QT > 0, then for any scalar

ε > 0, we have

MTN + NTM ≤ εMTQ−1M + ε−1NTQN (7)



C. C. Sun / Stabilization for a Class of Discrete-time Switched Large-scale Systems with Parameter Uncertainties 545

Lemma 2.[30] Suppose A, D, E are the given matrices.

If P is a positive definite matrix and δ > 0 is a scalar, such

that δ−1I −DTPD > 0, then

(A + DFE)TP (A + DFE) ≤
AT(P−1 − δDDT)−1A + δ−1ETE (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

xi(k + 1) = (Ai + ∆Ai)xi(k)+

(Bi + ∆Bi)ui(k) + gi(x(k)). (9)

The parameter uncertainties satisfy the norm-bounded

condition

[∆Ai ∆Bi] = DiFi(k)[Mi Ni] (10)

where Di, Mi, Ni are known constant real matrices of ap-

propriate dimensions and Fi(k) are unknown matrices that

satisfy

FT
i (k)Fi(k) ≤ I. (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

ui(k) = Kixi(k). (12)

Uncertain discrete-time non-switched large-scale systems

(9) result in the closed-loop systems

xi(k + 1) = (Ai + BiKi + ∆Ai+

∆BiKi)xi(k) + gi(x(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 Pi > 0 and constant

real matrices Ki and positive real scalars ε > 0 and δ > 0,

such that the following matrix inequalities hold

(1 + ε)[δ−1(Mi + NiKi)
T(Mi + NiKi)+

(Ai + BiKi)
T(P−1

i − δDiD
T
i )−1(Ai + BiKi)]−

Pi + (ε−1 + 1)

N∑

l=1

γ2
l λmax(Pl)Ii < 0. (14)

Proof. By Lemma 1, the following linear matrix inequal-

ity (LMI) holds.

ATPB + BTPA ≤
αATPP−1PA + α−1BTPB =

αATPA + α−1BTPB (15)

where P = PT > 0 is a symmetric positive definite matrix

and α > 0 is a positive scalar.

Considering a Lyapunov function

V (x(k)) =

V1(x1(k)) + V2(x2(k)) + · · ·+ VN (xN (k)) =

N∑
i=1

Vi(xi(k)) =

N∑
i=1

xT
i (k)Pi(xi(k)) (16)

where Pi > 0, Vi(xi(k)) = xT
i (k)Pi(xi(k)), i = 1, 2, · · · , N .

Along the trajectories of systems (13), the difference of

V (x(k)) is given by

∆V (x(k)) =

V (x(k + 1))− V (x(k)) =

N∑
i=1

[Vi(xi(k + 1))− Vi(xi(k))] =

N∑
i=1

[xT
i (k + 1)Pixi(k + 1)− xT

i (k)Pixi(k)]. (17)

Equation (17) can be rewritten as

∆V (x(k)) =

N∑
i=1

{[(Ai + BiKi + ∆Ai+

∆BiKi)xi(k) + gi(x(k))]T×
Pi[(Ai + BiKi + ∆Ai + ∆BiKi)xi(k) + gi(x(k))]−
xT

i (k)Pixi(k)}. (18)

Further, it is obtained

[(Āixi(k) + gi(x(k))]TPi[(Āixi(k) + gi(x(k))] =

xT
i (k)ĀT

i PiĀixi(k) + xT
i (k)ĀT

i Pigi(x(k))+

gT
i (x(k))PiĀixi(k) + gT

i (x(k))Pigi(x(k)) (19)

where Āi = Ai + BiKi + ∆Ai + ∆BiKi.

From Lemma 1, the following matrix inequality holds

xT
i (k)ĀT

i Pigi(x(k)) + gT
i (x(k))PiĀixi(k) ≤

εxT
i (k)ĀT

i PiĀixi(k) + ε−1gT
i (x(k))Pigi(x(k)) (20)

where ε > 0 is a positive scalar.

According to expression (4), it is obtained

gT
i (x(k))Pigi(x(k)) ≤ ||gi(x(k))||2 × ||Pi|| ≤

γ2
i λmax(Pi)||x(k)||2. (21)

Therefore,

∆V (x(k)) ≤
N∑

i=1

xT
i (k)[(1 + ε)ĀT

i PiĀi − Pi+

(ε−1 + 1)

N∑

l=1

γ2
l λmax(Pl)Ii]xi(k). (22)
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From (10), it is obtained

Āi = Ai + BiKi + ∆Ai + ∆BiKi =

Ai + BiKi + DiFi(Mi + NiKi) =

Âi + DiFiEi

where Âi = Ai + BiKi, Ei = Mi + NiKi.

It is obtained

ĀT
i PiĀi = (Âi + DiFiEi)

TPi(Âi + DiFiEi).

By Lemma 2, the following inequality holds

ĀT
i PiĀi ≤ δ−1ET

i Ei + ÂT
i (P−1

i − δDiD
T
i )−1Âi. (23)

Hence, it is obtained

ĀT
i PiĀi ≤ δ−1(Mi + NiKi)

T(Mi + NiKi)+

(Ai + BiKi)
T(P−1

i − δDiD
T
i )−1(Ai + BiKi) (24)

where δ > 0, P−1
i − δDiD

T
i > 0.

Combine (22) with (24)

∆V (x(k)) ≤
N∑

i=1

xT
i (k){(1 + ε)[δ−1(Mi + NiKi)

T×

(Mi + NiKi) + (Ai + BiKi)
T(P−1

i − δDiD
T
i )−1×

(Ai + BiKi)]− Pi + (ε−1 + 1)

N∑

l=1

γ2
l λmax(Pl)Ii}xi(k).

It is obtained

∆V (x(k)) < 0.

The closed-loop systems (13) are asymptotically stable via

linear state feedback (12). ¤
Theorem 2. For given positive scalars αij > 0 that

satisfy
∑ki

j=1 αij = 1, i = 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 Pi > 0, constant real matrices Kij and

positive real scalars ε > 0 and δ > 0, such that the following

matrix inequalities hold:

(1 + ε)

ki∑
j=1

αij [δ
−1(Mij + NijKij)

T(Mij + NijKij)+

(Aij + BijKij)
T(P−1

i − δDijD
T
ij)
−1(Aij + BijKij)]−

Pi + (ε−1 + 1)

N∑

l=1

γ2
l λmax(Pl)Ii < 0. (25)

The decentralized switching control laws are designed as

σi = j = arg{minxT
i (k)[δ−1(Mij + NijKij)

T×
(Mij + NijKij) + (Aij + BijKij)

T×
(P−1

i − δDijD
T
ij)
−1(Aij + BijKij)]xi(k)}. (26)

Proof. Considering Lyapunov function (16), along the

trajectories of systems (6), the difference of V (x(k)) is given

by (17).

According to equation (17) and switching control laws

(26), it is obtained

∆V (x(k)) =

N∑
i=1

{[(Aiσi + ∆Aiσi)xi(k) + (Biσi+

∆Biσi)uiσi(k) + gi(x(k))]TPi[(Aiσi + ∆Aiσi)xi(k)+

(Biσi + ∆Biσi)uiσi(k) + gi(x(k))]− xT
i (k)Pixi(k)} =

N∑
i=1

{[(Aij + ∆Aij)xi(k) + (Bij + ∆Bij)uij(k)+

gi(x(k))]TPi[(Aij + ∆Aij)xi(k)+

(Bij + ∆Bij)uij(k) + gi(x(k))]− xT
i (k)Pixi(k)}.

(27)

Further, it is obtained

[(Āijxi(k) + gi(x(k))]TPi[(Āijxi(k) + gi(x(k))] =

xT
i (k)ĀT

ijPiĀijxi(k) + xT
i (k)ĀT

ijPigi(x(k))+

gT
i (x(k))PiĀijxi(k) + gT

i (x(k))Pigi(x(k)) (28)

where Āij = Aij + BijKij + ∆Aij + ∆BijKij .

By Lemma 1, the following matrix inequality holds

xT
i (k)ĀT

ijPigi(x(k)) + gT
i (x(k))PiĀijxi(k) ≤

εxT
i (k)ĀT

ijPiĀijxi(k) + ε−1gT
i (x(k))Pigi(x(k)). (29)

where ε > 0.

According to expression (21), it is obtained

∆V (x(k)) ≤
N∑

i=1

xT
i (k)[(1 + ε)ĀT

ijPiĀij − Pi+

(ε−1 + 1)

N∑

l=1

γ2
l λmax(Pl)Ii]xi(k). (30)

By inequality (24), the following inequality holds

ĀT
ijPiĀij ≤ δ−1(Mij + NijKij)

T(Mij + NijKij)+

(Aij + BijKij)
T(P−1

i − δDijD
T
ij)
−1(Aij + BijKij).

(31)

Combining (30) with (31),

∆V (x(k)) ≤
N∑

i=1

xT
i (k){(1 + ε)[δ−1(Mij + NijKij)

T×

(Mij + NijKij) + (Aij + BijKij)
T(P−1

i −
δDijD

T
ij)
−1(Aij + BijKij)]− Pi+

(ε−1 + 1)

N∑

l=1

γ2
l λmax(Pl)Ii}xi(k).



C. C. Sun / Stabilization for a Class of Discrete-time Switched Large-scale Systems with Parameter Uncertainties 547

Design decentralized switching control laws

σi = j = arg{minxT
i (k)[(1 + ε)(δ−1(Mij + NijKij)

T×
(Mij + NijKij) + (Aij + BijKij)

T×
(P−1

i − δDijD
T
ij)
−1(Aij + BijKij))−

Pi + (ε−1 + 1)

N∑

l=1

γ2
l λmax(Pl)Ii]xi(k)} ⇔

σi = j = arg{minxT
i (k)[δ−1(Mij + NijKij)

T×
(Mij + NijKij) + (Aij + BijKij)

T×
(P−1

i − δDijD
T
ij)
−1(Aij + BijKij)]xi(k)}.

It is obtained

∆V (x(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

x1(k + 1) = (A1σ1 + ∆A1σ1)x1(k) + (B1σ1+

∆B1σ1)u1σ1(k) + g1(x(k))

x2(k + 1) = (A2σ2 + ∆A2σ2)x2(k) + (B2σ2+

∆B2σ2)u2σ2(k) + g2(x(k)) (32)

where

x1(k) = [x11(k) x12(k)]T

x2(k) = [x21(k) x22(k) x23(k)]T

x(k) = [x1(k) x2(k)]T

A11 =

[
6 0

0 1.3

]
, A12 =

[
1.2 0

0 3

]

B11 =

[
1

0

]
, B12 =

[
0

1

]

∆A11 = D11F11(k)M11 = −10−3 ×
[

sin(k) 0

0 4cos(k)

]

∆A12 = D12F12(k)M12 =

10−3 ×
[

18cos(k) 0

0 −4sin(k)

]

∆B11 = D11F11(k)N11 = −10−3 ×
[

sin(k)

0

]

∆B12 = D12F12(k)N12 = 10−3 ×
[

0

8sin(k)

]

D11 =

[
−0.1 0

0 0.2

]
, D12 =

[
−0.3 0

0 0.2

]

F11(k) =

[
0.1sin(k) 0

0 −0.2cos(k)

]

F12(k) =

[
−0.3cos(k) 0

0 −0.2sin(k)

]

M11 =

[
0.1 0

0 0.1

]
, M12 =

[
0.2 0

0 −0.1

]

N11 =

[
0.1

0

]
, N12 =

[
0

0.2

]

A21 =




3 0 0

0 1.2 0

0 0 1.1


, A22 =




1.1 0 0

0 4 0

0 0 1.2




A23 =




1.2 0 0

0 1.1 0

0 0 5




B21 =




1

0

0


, B22 =




0

1

0


, B23 =




0

0

1




∆A21 = D21F21(k)M21 =

−10−3 ×




2sin(k) 0 0

0 6sin(k) 0

0 0 12cos(k)




∆A22 = D22F22(k)M22 =

−10−3 ×




2cos(k) 0 0

0 4cos(k) 0

0 0 9cos(k)




∆A23 = D23F23(k)M23 =
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10−3 ×




20cos(k) 0 0

0 9sin(k) 0

0 0 0




∆B21 = D21F21(k)N21 = 10−3 ×




4sin(k)

0

0




∆B22 = D22F22(k)N22 = 10−3 ×




0

2cos(k)

0




∆B23 = D23F23(k)N23 = −10−3 ×




0

0

12sin(k)




D21 =




0.2 0 0

0 0.1 0

0 0 0.3




D22 =



−0.1 0 0

0 0.2 0

0 0 0.1




D23 =




0.5 0 0

0 0.3 0

0 0 0.4




F21(k) =




0.1sin(k) 0 0

0 −0.2sin(k) 0

0 0 0.2cos(k)




F22(k) =




0.2cos(k) 0 0

0 0.1cos(k) 0

0 0 0.3cos(k)




F23(k) =




0.2cos(k) 0 0

0 0.3sin(k) 0

0 0 0.3sin(k)




M21 =



−0.1 0 0

0 0.3 0

0 0 −0.2




M22 =




0.1 0 0

0 −0.2 0

0 0 −0.3




M23 =




0.2 0 0

0 0.1 0

0 0 0




N21 =




0.2

0

0


, N22 =




0

0.1

0


, N23 =




0

0

−0.1




g1(x(k)) = 0.1×
[ √

xT
2 (k)x2(k)√

xT
1 (k)x1(k)

]

g2(x(k)) = 0.2×




√
2xT

1 (k)x1(k)

2√
2xT

1 (k)x1(k)

2√
xT

2 (k)x2(k)




.

It is easy to verify that each subsystem of the systems

(32) cannot be stabilized by any controller. However, by

utilizing the switching control approach presented in this

paper, the whole large-scale system can be stabilized effec-

tively.

Firstly, the parameters are given as

α11 = α12 = 0.5

α21 = α22 = α23 =
1

3

γ1 = 0.1, γ2 = 0.2.

The solutions to the matrix inequalities (25) are found.

ε = 0.1, δ = 1

P1 =

[
1 0

0 1

]
, P2 =




1 0 0

0 1 0

0 0 1




K11 =
[
−6 0

]
, K12 =

[
0 −3

]

K21 =
[
−3 0 0

]
, K22 =

[
0 −4 0

]

K23 =
[

0 0 −5
]
.

Take the initial condition

x0 = [20 − 20 − 10 25 10]T, 1 ≤ k ≤ 16.

Let

Sij = δ−1(Mij + NijKij)
T(Mij + NijKij)+

(Aij + BijKij)
T(P−1

i − δDijD
T
ij)
−1(Aij + BijKij).

By calculating, it is obtained

S11 =

[
0.250 0 0

0 1.770 4

]
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S12 =

[
1.622 4 0

0 0.490 0

]

Y1 = S11 − S12 =

[
−1.372 4 0

0 1.280 4

]

S21 =




0.490 0 0 0

0 1.544 5 0

0 0 1.369 7




S22 =




1.232 2 0 0

0 0.360 0 0

0 0 1.544 5




S23 =




1.960 0 0 0

0 1.339 7 0

0 0 0.250 0




Y2 = S21 − S22 =



−0.742 2 0 0

0 1.184 5 0

0 0 −0.174 9




Y3 = S21 − S23 =



−1.470 0 0 0

0 0.204 9 0

0 0 1.119 7




Y4 = S22 − S23 =



−0.727 8 0 0

0 −0.979 7 0

0 0 1.294 5


.

Decentralized switching controllers are

u11(k) = K11x1(k) = −6x11(k)

u12(k) = K12x1(k) = −3x12(k)

u21(k) = K21x2(k) = −3x21(k)

u22(k) = K22x2(k) = −4x22(k)

u23(k) = K23x2(k) = −5x23(k).

And decentralized switching laws are as

σ1 =

{
1, xT

1 (k)Y1x1(k) < 0

2, otherwise

σ2 =





1, xT
2 (k)Y2x2(k) < 0 & xT

2 (k)Y3x2(k) < 0

2, xT
2 (k)Y2x2(k) > 0 & xT

2 (k)Y4x2(k) < 0

3, otherwise.

Fig. 1 State response of original large-scale systems with A11

and A21

Fig. 2 State response of original large-scale systems with A11

and A22

Fig. 3 State response of original large-scale systems with A11

and A23
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Fig. 4 State response of original large-scale systems with A12

and A21

Fig. 5 State response of original large-scale systems with A12

and A22

Fig. 6 State response of original large-scale systems with A12

and A23

Fig. 7 State response of controlled large-scale systems with A11

and A21

Fig. 8 State response of controlled large-scale systems with A11

and A22

Fig. 9 State response of controlled large-scale systems with A11

and A23
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Fig. 10 State response of controlled large-scale systems with

A12 and A21

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

A12 and A22

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

A12 and A23

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 uiσi(k) = 0 (see Figs.

1–6).

Case 2. The controlled large-scale systems without

switching are also unstable when all decentralized con-

trollers uiσi(k) = Kiσixi(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 uiσi(k) = Kiσixi(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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