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*is paper studies the preview tracking control problem for linear discrete-time periodic switched systems. Firstly, an augmented
error system is constructed for each subsystem by stabilizing the augmented error systems through the method of optimal preview
control, and the tracking problem of the switched system is transformed into the switched stability problem of closed-loop
augmented error systems. Secondly, a switched Lyapunov function method is applied to search the minimal dwell time satisfying
the switched stability of the closed-loop augmented error systems. *irdly, the switched preview control input is solved from the
controller of the individual augmented error system, and then the sufficient conditions and the preview controller can be obtained
to guarantee the solvability of the original periodic switched preview tracking problem. Finally, numerical simulations show the
effectiveness of the stabilization design method.

1. Introduction

Switched system theories are a hot topic of control theory
research in recent years [1–5]. Switched systems consist of a
family of continuous-time or discrete-time subsystems and a
switching rule, which defines the running time of a specific
subsystem. *e switching rule is always expressed by a
piecewise constant function and indicates that there is one
and only one subsystemworking during the interval between
any two switching times. *e switched systems are not only
widely investigated in theory but also employed in engi-
neering practice, such as robot control [6] and communi-
cation network control [7, 8]. Most of the theoretical results
about switched systems focus on stability analysis. Stability
analysis is mainly divided into two categories: stability under
arbitrary switching and stability with constraints on
switching. Lu and Zhao [9] gave the sufficient conditions for
the asymptotical stability of switched time-delay systems and
the selectionmethod of the switching rule. In addition, in the
case of constrained switching rule, Sun et al. [10] investi-
gated the asymptotic stability of linear periodic switched

systems based on the dwell-time method, which provided
the sufficient conditions for the asymptotic stability of the
switched systems when all of the subsystems were stable.*e
results were also extended to the situations under which
parts of the subsystems are unstable. Hespanha [11] pointed
out that when the switching rule is time-constrained, the
uniform asymptotic stability and exponential stability of the
system are equivalent, but the conclusion is not true for a
state-dependent switching rule. Note that the dwell-time
switching requires the running time interval between any
two consecutive switching bigger than a constant. However,
as pointed out in [12], this will lead to a certain conserva-
tiveness. To this end, Zhao et al. [12] considered the stability
and stabilization problems of the switched systems using the
mode-dependent average dwell-time method. As for the
nonlinear switched systems, Wu [13] studied the feedback
stabilization of arbitrary switch between two multi-input
nonlinear subsystems and obtained the global stability
condition for an existing state feedback controller. In recent
years, with the development of computer control techniques,
sampled-data control becomes more and more important.

Hindawi
Mathematical Problems in Engineering
Volume 2020, Article ID 8395683, 9 pages
https://doi.org/10.1155/2020/8395683

mailto:fcliao@ustb.edu.cn
https://orcid.org/0000-0001-5450-1861
https://orcid.org/0000-0001-8857-8234
https://orcid.org/0000-0001-9323-5594
https://orcid.org/0000-0002-0989-1685
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/8395683


Li et al. [14] considered the global stabilization for a class of
switched nonlinear systems and proposed a sample-data
controller to guarantee the stability of closed-loop systems
under an average dwell-time constraint. *e same problem
was also investigated in [15], where fuzzy logic systems were
employed to approximate unknown nonlinear terms.

In a tracking or disturbance rejection problem, when the
future information of a reference signal or external dis-
turbance, which is also termed as preview information, is
known in advance, the preview control theory will be
adopted to solve the problem by constructing an augmented
error system that contains the known future information. As
a result, the original preview control problem can be
transformed into a regulator problem [16]. Based on this
idea, different branches of preview control theory have been
extensively developed. Cao and Liao [17] investigated the
preview control problem of linear descriptor systems with
multirates. Considering the time-variable delay, Li and Liao
[18] adopted a model transformation method to approxi-
mate the time-varying state delay and derived the sufficient
conditions for the asymptotic stability of the closed-loop
systems via the scaled small gain theorem as well as the linear
matrix inequality (LMI) technique. Recently, Li and Yuan
[19] extended this method to address the scenario of pol-
ytopic uncertain discrete-time systems. In fact, the preview
control problem for stochastic systems is very challenging.
Wang et al. [20] considered the H∞ disturbance preview
control problem for discrete-time systems, where the pro-
jection principle in the indefinite space was adopted. It is
known that a preview controller always contains two parts,
namely, feedback and preview feedforward compensation.
In the literature mentioned above, these two parts are
designed simultaneously through optimal control. Very
recently, a new LMI synthesis method was proposed in [21]
to design preview feedforward for a given closed-loop
system. It should also be pointed out that the regulator
problem of an augmented error system is also considered as
the stability problem of the closed-loop augmented error
system. *erefore, based on the stability theory of switched
systems, it is reasonable and feasible to study the preview
control problem of the switched systems.

*is paper intends to study the preview control problem
of periodical switched systems. Firstly, the state augmented
technique of preview control is used to construct an aug-
mented error system for each subsystem. *en, according to
the optimal control theory, the controller of the switched
augmented error systems is obtained, and the sufficient
condition for the global asymptotic stability of closed-loop
systems is given. Finally, the optimal preview controller is
designed using preview control theories. *e paper has the
following three contributions:

(1) *is paper presents a solution to the preview
tracking problem of switched systems. To avoid the
difference operation for the whole switched systems
and meanwhile include the previewable information
in the controller, an augmented error system is
constructed for each subsystem, which successfully
converts the original problem into the asymptotical

stability problem for the switched closed-loop aug-
mented error subsystems.

(2) *e dwell-time condition, which heavily depends on
the stable coefficient matrices of the closed-loop
augmented error subsystems, is obtained to ensure
the asymptotical stability of the switched closed-loop
augmented error systems and the solvability of the
preview tracking problem for switched systems.

(3) Liao et al. [22] investigated the preview tracking
problem of the periodic system. It should be pointed
out that when the dwell times of each subsystem are
equivalent, the periodically switched systems will be
changed into the general periodic systems. As a
result, the approach in this paper can provide a new
insight to reconsider the issue in [22].

1.1.Notations. *roughout this paper, A> 0 indicates that A

is a positive definite matrix, rank(A) denotes the rank of A,
x ∈ Rn means that x is an n-dimensional vector, A ∈ Rn×r

means that A is a real matrix of n × r, ‖x‖ denotes the Euclid
norm for vector x, ‖A‖ denotes the matrix norm derived
from the vector Euclid norm, and max a, b{ } means the
maximum value between a and b.

2. ProblemFormulationandBasicAssumptions

Consider the switched system as follows:

x(k + 1) � Aσ(k)x(k) + Bσ(k)u(k),

y(k) � Cσ(k)x(k),

⎧⎨

⎩ (1)

where x(k) ∈ Rn is the state vector, u(k) ∈ Rp is the input
vector, y(k) ∈ Rq is the output vector, and Aσ(k) ∈ Rn×n,
Bσ(k) ∈ Rn×p, and Cσ(k) ∈ Rq×n are known constant matrices.
σ(k) is the switching signal, which takes its values in the
finite set I � 1, . . . , m{ }; m> 1 denotes the number of sub-
systems. σ(k) � i means that the subsystem

x(k + 1) � Aix(k) + Biu(k),

y(k) � Cix(k)
 (2)

is working at time k.

Remark 1. In fact, system (1) is a piecewise linear system.
For the convenience of description, the term “subsystem” is
adopted from large-scale system theories, and system (2) is
referred to as the ith subsystem of system (1).

In the following, the periodic switching rule will be
considered. Specifically, the switching signal σ(k) always
switches from subsystem 1 to subsystem m in turn re-
peatedly. T is assumed to be the switching period; then, the
switching sequence can be denoted as follows:

ΣT � x0; 1, k1 + lT( , 2, k2 + lT( , . . . , m, km + lT(  | l � 0, 1, 2, · · · ,

(3)

where k1 is the initial time and always taken as k1 � 0. (i, ki +

lT) means that the ith subsystem is activated at time ki + lT,
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and its running time is Ti � ki+1 − ki, Ti > 0, i � 1, . . . , m. Ti

is the running time of the ith subsystem with 
m
i�1 Ti � T.

Based on subsystem (2), switching system (1) can be
represented as

x(k + 1) � Aix(k) + Biu(k),

y(k) � Cix(k),


k ∈ lT + ki, lT + ki+1 , i � 1, . . . , m, l � 0, 1, . . . .

(4)

*e reference signal is r(k) ∈ Rq. *e purpose of this
paper is to design a preview controller which makes the
output y(k) of system (1) track the reference signal r(k)

asymptotically without a static error. *erefore, the error
signal is defined as

e(k) � y(k) − r(k). (5)

A quadratic performance index function with discount
factor λ ∈ (0, 1) is introduced:

J � 

∞

k�k1

λ− 2k
e

T
(k)Qee(k) + ΔuT

(k)RΔu(k)  , (6)

where Qe > 0 and R> 0 are weighted matrices.

Remark 2. In quadratic performance index function (6), the
discount factor λ will make the closed-loop system of the
augmented error system exponentially stable [23].

*e following are the basic assumptions for preview
control:

A1: the matrix Ai − I Bi

Ci 0  is of full row rank,

i � 1, . . . , m

A2: (Ai, Bi) are stabilizable, and (Ci, Ai) are detectable,
i � 1, . . . , m

A3: the reference signal r(k) is previewable with pre-
view length MR, that is, r(k), r(k + 1), . . ., r(k + MR)

are available at the current time k, and
r(k + j) � r(k + MR), j � MR + 1, MR + 2, . . .

3. Controller of the Error System of the
Isolated Subsystem

After constructing an augmented error system for each
subsystem (2), the idea of the controller design of system (4)
is illustrated in the following. Firstly, the controller is
designed for each augmented error system under quadratic
performance index function (6). Secondly, each augmented
error system corresponds to a closed-loop system, and the
preview tracking problem of switched system (4) will be
transformed into the switched stability problem of these
closed-loop systems. It is noted that the final state of the ith
closed-loop system in time interval [ki + lT, ki+1 + lT) is just
the initial state of the (i + 1)th closed-loop system in time
interval [ki+1 + lT, ki+2 + lT).

*e procedure in constructing the augmented error
system for each subsystem (2) is given in the following.
Utilizing the difference operator Δ

Δv(k) � v(k + 1) − v(k) (7)

to subsystem (4) and error vector (5), we have

Δx(k + 1) � AiΔx(k) + BiΔu(k), (8)

Δe(k) � Δy(k) − Δr(k). (9)

Substituting Δe(k) � e(k + 1) − e(k) into (9) gives

e(k + 1) � e(k) + CiΔx(k) − Δr(k). (10)

Combining equations (8) and (10), the primary aug-
mented error system is obtained as follows:

x(k + 1) � Aix(k) + BiΔu(k) + BRΔr(k), (11)

with

x(k) �
e(k)

Δx(k)
⎡⎣ ⎤⎦,

Ai �
I Ci

0 Ai

⎡⎣ ⎤⎦,

Bi �
0

Bi

⎡⎣ ⎤⎦,

BR �
− I

0
⎡⎣ ⎤⎦.

(12)

According to A3, because r(k), r(k + 1), . . ., r(k + MR)

are known in advance at time k, Δr(k), Δr(k + 1), . . .,
Δr(k + MR − 1) are also available. Since
r(i + k + MR) � r(k + MR), i � 1, 2, . . ., Δr(k + MR) ≡ 0,
the following system about preview information can be
established:

XR(k + 1) � ARXR(k), (13)

where

XR(k) �

Δr(k)

Δr(k + 1)

⋮

Δr k + MR − 1( 

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

AR �

0 Iq

0 ⋱

⋱ Iq

0

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

.

(14)

Based on systems (11) and (13), the secondary aug-
mented error system of subsystem (2) is

x(k + 1) � Aix(k) + BiΔu(k), (15)

where

Mathematical Problems in Engineering 3



x(k) �
x(k)

XR(k)
 ,

Ai �
Ai Fe

0 AR

⎡⎣ ⎤⎦,

Bi �
Bi

0
⎡⎣ ⎤⎦,

Fe � BR 0 · · · 0 .

(16)

Corresponding to system (15), quadratic performance
index function (6) can be rewritten as

J � 
∞

k�ki

λ− 2k
x

T
(k)Qx(k) + ΔuT

(k)RΔu(k)  , (17)

where ki is the initial time of system (15) and
Q � diag Qe, 0, 0 .

For system (15), using the linear quadratic optimal
control theory, it will be seen that Δu(k) is designed to
minimize quadratic performance index function (17), and
correspondingly, the closed-loop system of system (15) is
exponentially stable. Furthermore, if these stable closed-loop

systems can be again proved to be switched stable, then it
will illustrate that the error signal e(k) can stabilize to zero
exponentially. By analogy with the exponential stability of
continuous-time linear systems in [23], the following lemma
is obtained.

Lemma 1. Under assumptions A1 and A2, if Qe > 0, then the
optimal input of system (15) that minimizes quadratic per-
formance index function (17) is

Δu(k) � Fix(k), (18)

which can make the closed-loop system of system (15) ex-
ponentially stable, that is,

‖x(k)‖≤Miλ
k− ki x ki( 

����
����, Mi ≥ 1, i � 1, . . . , m. (19)

In (18),

Fi � − R + λ− 1
Bi 

T
Pi λ− 1

Bi  
− 1

λ− 1
Bi 

T
Pi λ− 1

Ai ,

(20)

and Pi is the positive semidefinite solution of the algebraic
Riccati equation

Pi � Q + λ− 1
Ai 

T
Pi λ− 1

Ai  − λ− 1
Ai 

T
Pi λ− 1

Bi  R + λ− 1
Bi 

T
Pi λ− 1

Bi  
− 1

λ− 1
Bi 

T
Pi λ− 1

Ai . (21)

Proof. *e proof has been divided into three steps:

Step 1: prove that the optimal controller with qua-
dratic performance index function (17) is (18). By
virtue of formula (17), the following transformation is
needed:

x(k) � λ− k
x(k),

Δu(k) � λ− kΔu(k),

⎧⎪⎨

⎪⎩
(22)

which, combining with system (15), yields

x(k + 1) � λ− 1
Ai x(k) + λ− 1

Bi Δu(k). (23)

Accordingly, formula (17) is rewritten as

J � 
∞

k�ki

x
T
(k)Qx(k) + ΔuT

(k)RΔu(k)  . (24)

According to Berkovitz [24], the optimal control of
system (23) which minimizes quadratic performance
index function (24) is

Δu(k) � Fix(k). (25)

*is implies that the closed-loop system
x(k + 1) � [λ− 1(Ai + BiFi)]x(k) is asymptotically sta-
ble, where Fi is given in (20), and Pi satisfies algebraic
Riccati equation (21). With (22) and (25),
Δu(k) � Fix(k) can be obtained.
Step 2: prove that equation (19) is valid. *e asymp-
totical stability of the closed-loop system x(k + 1) �

[λ− 1(Ai + BiFi)]x(k) indicates that limk⟶∞‖[λ− 1(Ai

+BiFi)]
k− ki ‖ � 0. *erefore, there exists a K≥ ki such

that ‖[λ− 1(Ai + BiFi)]
k− ki ‖< 1 holds for any k>K. On

this basis, maxk∈ ki,ki+1,...,K{ }‖[λ− 1(Ai + BiFi)]
k− ki ‖ � Mi

and Mi � max Mi, 1  are defined. *en,
‖[λ− 1(Ai + BiFi)]

k− ki ‖≤Mi(k≥ ki) is established.
*erefore,

Ai + BiFi( 
k− ki

�����

�����≤Miλ
k− ki . (26)

Note that the closed-loop system of (15) is x(k + 1) �

(Ai + BiFi)x(k). *en, x(k) � (Ai + BiFi)
k− ki x(ki)

could be obtained by iteration, and thus, ‖x(k)‖≤
‖(Ai + BiFi)

k− ki ‖‖x(ki)‖. Moreover, according to (26),
one has ‖x(k)‖≤Miλ

k− ki ‖x(ki)‖; therefore, (19) is
derived.
Step 3: prove that Pi is a positive semidefinite solution
of equation (21). It is noted that the detectability of
(Ci, Ai) and Qe > 0 indicate that (Q

1/2
, Ai) is detectable.
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Hence, the conclusion is obvious according to Liao
et al. [25]. *e proof is completed.

Based on Lemma 1, the preview control problem of
switched system (4) is eventually transformed into the
switched stability problem of the augmented error

x(k + 1) � Aix(k) + BiΔu(k), k ∈ ki + lT, ki+1 + lT ,

i � 1, . . . , m, l � 0, 1, . . . ,

(27)

under controller (18). □

4. Switched Stability Analysis

By Lemma 1, when subsystem (2) is the same, the closed-
loop system of system (27) can achieve asymptotic stability
without considering the switching rule δ(k). However, when
the subsystem is heterogeneous, the switching action can be
viewed as the external disturbance for system (27), which
may cause the unstability of the closed-loop system of system
(27). *e following conclusion will show the shortest
working time (or dwell time τ [1]) required for the
asymptotical stability of the whole switched system (27).

Theorem 1. Suppose that A1–A3 hold and Qe > 0. If the
control input is (18), then the closed-loop system of system (27)

is globally asymptotically stable for the periodic switching
signal with the dwell time

τ > τ∗ � max K,
− 

m
j�1 lnMj 

(m ln λ)

⎧⎨

⎩

⎫⎬

⎭. (28)

Proof. If the control input is (18), then the closed-loop
system of system (27) is

x(k + 1) � Ai + BiFi( x(k), (29)

where k ∈ [lT + ki, lT + ki+1), i � 1, . . . , m and l � 0, 1, . . ..
Given the switching sequence, when k ∈ [k1, k2), the

solution of system (29) is

x(k) � A1 + B1F1( 
k
x(0), (30)

and for k ∈ [k2, k3), the solution is

x(k) � A2 + B2F2( 
k− k2( )

A1 + B1F1( 
T1x(0). (31)

Calculating system (27) recursively for any
k ∈ [ki + lT, ki+1 + lT) yields x(k) � (Ai + BiFi)

k−

ki − lT(Ai+1 + Bi− 1Fi− 1)Ti− 1 · · · (A1 + B1F1)
T1((Am +

BmFm)Tm · · · (A1 + B 1F1)
T1)lx(0). Taking the norm for the

above equation gives

‖x(k)‖≤ Ai + BiFi( 
k− ki − lT

�����

�����, . . . , A1 + B1F1( 
T1

�����

����� Am + BmFm( 
Tm

�����

�����, . . . , A1 + B1F1( 
T1

�����

����� 
l

‖x(0)‖. (32)

Utilizing conditions (19) and (28), the above equation
can be estimated as

‖x(k)‖≤Miλ
k− ki− 1− lT( )Mi− 1λ

Ti− 1 , . . . , M1λ
T1 Πm

j�1Mjλ
Tj 

l
‖x(0)‖.

(33)

Denote L � Miλ
k− ki− 1− lTMi− 1λ

Ti− 1 , . . . , M1λ
T1 and

L � 
m
j�1 Mj; then, it follows from the value range of k and

0< λ< 1 that L< L, and thus,

‖x(k)‖≤L 
m

j�1
Mjλ

Tj⎛⎝ ⎞⎠

l

‖x(0)‖. (34)

By Ti ≥ τ, it can be easily obtained that

‖x(k)‖≤Lc
l
‖x(0)‖, (35)

where c � 
m
j�1 Mjλ

τ .
Note that c � 

m
j�1 Mjλ

τ � exp(τ ln λ + 
m
j�1 lnMj),

according to 0< λ< 1 and (28), and simple calculation gives
that 0< c< 1. Because of k ∈ [lT + ki, lT + ki+1), taking the
limit of (35) yields limk⟶∞‖x(k)‖≤ liml⟶∞Lcl‖x(0)‖ � 0,
which means that the zero solution of system (29) is globally
asymptotically stable. *e proof is completed. □

5. Design of the Optimal Preview Controller

It follows from *eorem 1 that switched closed-loop aug-
mented system (29) is global asymptotically stable under
assumptions A1–A3 and the dwell-time condition (28).
*erefore, the state component e(k) will converge to zero as
time tends to infinity with the optimal control input (18) in
*eorem 1, which means that the switched preview tracking
problems can be solved by controller (18). According to
*eorem 1 and the above discussion, the following result
provides the sufficient conditions and the specific form of
the preview controller for realizing the switched preview
tracking control for system (4).

Theorem 2. Under the periodic switching sequence, if

(i) Qe > 0 and R> 0,
(ii) Assumptions A1–A3 hold, and
(iii) =e dwell time τ > τ∗ � max K, − (

m
j�1 lnMj)/

(m ln λ)},

then the optimal preview controller for achieving the preview
tracking of system (4) is

Mathematical Problems in Engineering 5



u(k) � Fei 

k− 1

l�0
e(l − 1) + Fxix(k) + 

MR− 1

j�0
FRi(j)(r(k + j) − r(j)),

(36)

where

k ∈ ki + lT, ki+1 + lT( , i � 1, . . . , m,

F0i � Fei Fxi  � − R + λ− 1Bi 
T
Pi λ− 1Bi  

− 1
λ− 1Bi 

T
Pi λ− 1 Ai ,

(37)

FRi(0) � − Ri + λ− 1Bi 
T
Pi λ− 1Bi  

− 1
λ− 1Bi 

T
Pi λ− 1

BR ,

(38)

FRi(j) � − Ri + λ− 1Bi 
T
Pi λ− 1Bi  

− 1
λ− 1Bi 

T
ξT

i 
j
Pi λ− 1

BR ,

(39)

ξi � λ− 1 Ai  + λ− 1Bi F0i, j � 1, . . . , MR − 1, (40)

and Pi is the solution of the following reduced-order algebraic
Riccati equation:

Pi � Q + λ− 1 Ai 
T
Pi λ− 1 Ai  − λ− 1 Ai 

T
Pi λ− 1Bi 

· R + λ− 1Bi 
T
Pi λ− 1Bi  

− 1
λ− 1Bi 

T
Pi λ− 1 Ai .

(41)

Proof. Under conditions (i)–(iii), the conclusion of *eo-
rem 1 holds, which implies that error vector e(k) will decay
to zero asymptotically, that is, the preview tracking of system
(4) can be realized with the control input (18).

Let

Pi �
Pi S

S
T

Z

⎡⎢⎢⎢⎣ ⎤⎥⎥⎥⎦,

Fi � Fei Fxi FRi(0) · · · FRi MR − 1(  .

(42)

*en, the results (37)–(41) can be obtained by applying
the method in [26] to equation (21). *e specific derivation
process is omitted here. Interested readers can refer to [26].

For the optimal preview control (36), according to
(37)–(40), formula (18) can be expressed as the following
form:

Δu(k) � F0ix(k) + 

MR− 1

j�0
FRi(j)Δr(k + j)

� Feie(k) + FxiΔx(k) + 

MR− 1

j�0
FRi(j)Δr(k + j).

(43)

By the definition of difference operator
Δv(k) � v(k + 1) − v(k), (43) can be reformulated as

u(k + 1) − u(k) � Feie(k) + Fxi(x(k + 1) − x(k))

+ 

MR− 1

j�0
FRi(j)(r(k + j + 1) − r(k + j)).

(44)

Furthermore, shifting u(k) to the right side of the above
equation gives

u(k + 1) � u(k) + Feie(k) + Fxi(x(k + 1) − x(k))

+ 

MR− 1

j�0
FRi(j)(r(k + j + 1) − r(k + j)).

(45)

Replacing k with k − 1, there exists

u(k) � u(k − 1) + Feie(k − 1) + Fxi(x(k) − x(k − 1))

+ 

MR− 1

j�0
FRi(j)(r(k + j) − r(k + j − 1)).

(46)

Finally, let u(k) � 0, x(k) � 0, and r(k) � 0 hold for
k≤ 0; then, the optimal preview controller (36) can be ob-
tained from the last equation by the recursive way.*e proof
is completed. □

Remark 3. In controller (36), Fei
k− 1
l�0 e(l − 1) is the error

integral term and can eliminate the steady-state error in the
tracking process; Fxix(k) denotes the state feedback; and


MR− 1
j�0 FRi(j)(r(k + j) − r(j)) represents the preview feed-

forward compensation and can improve the tracking per-
formance, such as tracking accuracy, tracking speed, and
adjusting time. *e structure of the switched preview
tracking control of system (1) under controller (36) is shown
in Figure 1.

Remark 4. In fact, the periodically switched systems studied
in this paper can also be regarded as a periodic system. *e
results about preview tracking control of the periodic system
have been reported in [22]. *e core idea of [22] is that the
lifting method is applied to convert the original linear pe-
riodic system into a time-invariant system. *is procedure
can lead to a limitation since the stabilizability of the original
periodic system has no relationship with the stabilizability of
the time-invariant system, which will increase the com-
plexity of the system design. However, after constructing the
augmented error system for each subsystem in this paper,
the remaining is to search the dwell-time condition for
guaranteeing the switched stability of the whole closed-loop
augmented error subsystem.

Remark 5. Note that this paper only studies the switched
preview tracking problem based on the dwell-time ap-
proach. However, if the switching signals are modeled by a
Markov chain, then the problem will become complex and
challenging. So far, many useful results have been reported
[27–29]. In [27], H∞ estimation problem was concerned
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for the discrete-time Markov jump system. Liu et al. [28]
considered an asynchronous H∞ control problem for
networked Markovian jump systems. Liu et al. [29] in-
vestigated the quasi-synchronous control problem of
continuous-time heterogeneous networks with a general-
ized Markovian topology. Inspired by the literature
aforementioned, future work will be focused on the
switched preview tracking problem for linear discrete-time
Markovian jump systems based on the stochastic Lyapunov
stable theory.

Remark 6. *is paper considers the situation that the
switching signals of the systems and the controller are
synchronous. However, if they are asynchronous, then
the proposed method in this paper cannot be directly
generalized to tackle the corresponding switching pre-
view tracking problem since the dwell-time conditions
required for the asymptotic stability are different for the
two classes of systems. *erefore, the preview control
problem of switched systems under asynchronous
switching will be an interesting and challenging research
topic.

6. Numerical Simulation

Consider a discrete-time linear switched system with the
form of (4), where the coefficient matrices are

A1 �
0.5 0.2

0.5 1
⎡⎣ ⎤⎦,

B1 �
0.3

1
⎡⎣ ⎤⎦,

C1 � 0.7 0.5 ,

A2 �
0.3 1

1 0.2
⎡⎣ ⎤⎦,

B2 �
1.2

1
⎡⎣ ⎤⎦,

C2 � 0.5 0.6 .

(47)

Choose x(0) �
0.1
0 , u(0) � 0, Qe � 0.0001, and

R � 1. In addition, let λ � 0.94 and K � 21. It can be easily
obtained that M1 � 2.23 and M2 � 1.85. Substituting them
into (28) gives τ >max 21, 11.45{ } � 21. Based on this result,
T1 � 22 and T2 � 28 are taken in the following simulation.

Moreover, it can be verified that system (4) satisfies
assumptions 1 and 2. By solving Riccati equation (41),
Fe1 � − 0.04068, Fx1 � − 0.33332 − 0.40959 , Fe2 � − 0.03073,
and Fx2 � − 0.31065 − 0.29769  are obtained.

*e reference signal r(k) is taken as

r(k) �

0, 0≤ k≤ 50,

0.025(k − 50), 50< k≤ 90,

1, k> 90.

⎧⎪⎪⎨

⎪⎪⎩
(48)

It is assumed that r(k) is previewable. In the following,
the simulations will be performed in three cases, that is,
MR � 0, MR � 5, and MR � 10.

*e output response curves under different preview
lengths are shown in Figure 2.

Plants

Control signal
channel

Switching signal
channel

State feedback
channel

Error integral
channel

Preview feedforward
channel

Controllers

u (k)
x (k)

y (k)
Cσ(k)

e (k)σ (k) = i

r (k)–
+

Figure 1: Block diagram of the switched preview tracking control system.
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Figure 2: *e output responses of system (4) under different
preview lengths (T1 � 22 and T2 � 28).
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It can be observed from Figure 2 that the switched
system can track the reference signal r(k). Moreover, the
output can track the reference signal more precisely with the
increase of the preview length. In addition, it is necessary to
point out that the time when the jump occurs in the figure is
exactly the time when the system switches.

In Figure 3, it can be found that the error signal can tend
to zero during each running period Ti � ki+1 − ki. Moreover,
when switching occurs among the subsystems, the error
signal fluctuates at the switching point. However, with the
increase of the preview length, it can be seen that the error
signal decreases in a certain range.

In order to verify the importance of dwell-time condition
(28) in *eorem 2, the running time of the subsystems will
be taken as T1 � 1 and T2 � 2 (both are less than the dwell

time), respectively. *e reference signal r(k) and preview
lengths are unchanged, and the simulation results are shown
in Figure 4.

From Figure 4, we can clearly see that the output does
not track the reference signal. Owing to the shortage of the
running time, the output has to switch before reaching the
reference signal’s maximum amplitude. *erefore, the dwell
time of the system is very important to ensure the tracking
performance.

7. Conclusion

In this paper, the preview tracking problem of the periodic
switched systems has been investigated. *e augmented
error system method is adopted to complete the reformu-
lation of the original problem. *e switched system stability
theory is used to provide the sufficient conditions for
achieving the asymptotic preview tracking control. *e gain
matrices of the optimal preview control are designed from
the perspective of a linear quadratic optimal method.
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