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Abstract In this paper, the problem of exponential H,, output tracking control is
addressed for a class of switched neutral system with time-varying delay and non-
linear perturbations. The considered system consists of different neutral and discrete
delays. By resorting to the average dwell time approach, a new Lyapunov—Krasovskii
functional is proposed to establish sufficient conditions for the exponential stability
and H, performance of switched neutral systems. Then, the problem of exponential
H, output tracking control is investigated, an explicit expression for the desired ex-
ponential tracking controller is also given. Finally, a numerical example is provided
to demonstrate the potential effectiveness of the proposed method.

Keywords Switched neutral systems - Time-varying delay - Output tracking
control - Exponential Hy, performance - Average dwell time method

1 Introduction

Studies on dynamic systems with complicated switching law which are called
switched systems have arisen in various disciplines of science and engineering in
recent years [1, 2, 4, 6, 19, 27, 28]. Switched system usually consists of a family
of subsystems and a switching signal. Many real-world processes and systems can
be modeled as switched systems, such as power electronics, embedded systems, net-
worked control systems, chemical processes, computer-controlled systems, automo-
tive industry, etc.
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It is well known that time delay can be encountered in various industrial systems
and may be a main source of instability and poor performance of a control system.
Thus, the stability of time-delay systems has been widely considered by many re-
searchers [8, 23, 25, 26, 31]. Neutral system as a special class of time-delay systems
appears in many dynamic systems, which depends on the delays of state and state
derivative. Some practical examples of neutral systems include distributed networks,
heat exchanges, and processes including steam [20]. In view of the strong engineer-
ing background, switched neutral systems have attracted special attention during the
past decade. Some useful results have been reported in the literature (see, e.g. [3, 5,
7,9, 21] and the references therein), primarily on the investigation of stability.

Tracking control, which can be divided into state tracking and output tracking, is
an important issue in control field and has wide applications in dynamic processes
in industry, economics, and biology. The main objective of output tracking control is
trying to minimize the error between the output of the plant and the output of a given
reference model via a designed controller [32]. The problem of H., output track-
ing control for neutral systems with time-varying delay and nonlinear perturbations
was investigated in [33, 34], and provided a less conservative result than one in the
reference [32]. The issue of robust output feedback tracking control for time-delay
nonlinear systems using neural network is studied in [12], where the reference signal
is a given continuous bounded signal.

On the other hand, with the great development of the switched system theory,
the tracking control problems of switched systems have received increasing atten-
tion in the last few years. In addition, the importance of the study of tracking control
for switched systems with time-delay arises from the extensive applications in robot
tracking control [22]. The issue of observer-based state tracking control and robust
state tracking control for switched linear systems with time-varying delay was in-
vestigated in [15, 18], respectively. Li et al. investigated the robust tracking control
problem for switched linear systems with time-varying delays and some sufficient
conditions for the solvability of the robust tacking control problem were developed
in [17]. In [16], the output tracking control problem for switched linear time-varying
delayed systems with stabilizable and unstabilizable subsystems is investigated and
some sufficient conditions for the solvability of the tracking control problem are de-
veloped. Hou et al. considered the problem of exponential /; — [, output tracking
control for discrete-time switched system with time-varying delay in [11], where a
class of discrete-time state feedback tracking controllers was constructed. However,
the aforementioned papers on the tracking problem focus mainly on the switched
time-delay systems. It is well known that neutral systems play a very important role
in time-delay systems. To the best of the authors’ knowledge, the problem of track-
ing control of switched neutral systems with time delay has not been investigated,
and this constitutes the main motivation of the present study.

In this paper, we are interested in investigating the exponential H, output tracking
control for switched neutral system with time-varying delay and nonlinear perturba-
tions. By resorting to the average dwell time approach and Newton—Leibniz formula,
sufficient conditions for exponential stability and H, performance of switched sys-
tems with time delay are derived. Then, the problem of exponential H, output track-
ing control is investigated. Finally, a numerical example is provided to demonstrate
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the potential and effectiveness of the proposed method. Compared with the previ-
ous results, the proposed results have the following highlights: (1) a new Lyapunov
functional candidate is constructed to investigate exponential stability and Hy, per-
formance; (2) the nonlinear perturbation in this paper is quite general that include the
usual Lipschitz conditions as a special case; (3) the exponential Hy, performance is
firstly introduced to study the output tracking problem of switched neutral systems.

Notations Throughout this paper, the superscript “7T” denotes the transpose, and the
symmetric terms in a matrices are denoted by *. The notation X > 0 (X >, <, <0)
means that X is a positive definite (positive semi-definite, negative definite, semi-
negative definite, respectively). R" denotes the n dimensional Euclidean space.
lx(z)|| denotes the Euclidean norm. L;[0, co) is the space of square integrable func-
tions on [0, 00). Amax(P) and Apin (P) denote the maximum and minimum eigen-
values of matrix P, respectively. [ is an identity matrix with appropriate dimension.
Matrices, if not explicitly stated, are assumed to have compatible dimensions.

2 Problem Formulation and Preliminaries
Consider the following switched neutral systems with time-varying delay:

x(t) = Coyx(t — 1)
= Ao X(t) + Bs(x(t —d (1)) + fo)(x(t — 12)) + Do yu(t) + Eoyw(t), (1)

2(t) = Cio(nX (1) + Cag(1yx (t —d(1)) + Digyu(t), 2)

x(to+0)=¢@), 0e[-H,DO] 3)

where x(t) € R", u(t) € RP, and z(t) € RY are the state vector, input and out-
put, respectively, w(r) € R' is the noise input which is assumed to belong to
L[ty, 00), 71, T2 denotes the constant delay, d (7) denotes the time-varying state delay
satisfying

0<d(t)y<d, d(t)<h )

with d and h being positive constant numbers, H = max{ty, 72, d, h}, (@) is
a continuous vector-valued initial function. The function o (¢) : [tp,00) —> N =
{1,2,..., N} is the switching signal which is deterministic, piecewise constant and
right continuous, corresponding to it, the switching sequence o (¢) : {(ty, o (79)),
(t1,0(1))y...,(tx, o)) ...}, o(tx) € N,k =0,1,..., where 1y is the initial time,
and f; denotes the kth switching instant of the system. Moreover, o (t) =i means
that the ith subsystem is activated. N denotes the number of the subsystems.
Ai, B;,C;, D, E;, Cy;, Co;, D1j,i € N, are known constant matrices with appropri-
ate dimensions. In addition, f;(+) : R" — R" is nonlinear function satisfying

(i) — @1:x)" (fi(x) — O2ix) <0, x€R" )

where ®;;, ®,; are known real constant matrices.
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Remark I The nonlinear function f;(x) satisfies the so-called sector condition in
the sense that f;(x) belongs to the sector [@1;, ®»;] (see Ref. [13]). Such a sector
description is quite general and includes the usual Lipschitz conditions as a special
case, and also covers several other classes of well-studied nonlinear systems (see the
reference [10, 14]).

The reference model is given as

X (t) = Arxp(t) + Drr (1), 6)

zr (1) = Crxp (1), @)

where z,- () € R?, x,(t) € R" is the reference state and r(¢) is energy bounded refer-
ence input belonging to L>[fg, 00), A, is a Hurwitz matrix with appropriate dimen-
sions.

Here, we are interested in designing a state feedback controller described by the
following equation:

u(t) = Kignx(t) + Koo (1%, (1), (8)

where Ki,() and Ko, (;) are controller gain matrices. Applying this controller to
system (1)—(3), results in the following closed-loop system:

X(t) = ConyX(t —11)

= AoyX (1) + Doy xr (1) + Boyx (t —d(®)) + foir (x(t — 1)) + Exyw(2),
)

2(t) = Cioyx () + D1y x, (1) + Cosyx(t —d (1)), (10
where Aa(t) =Aot) + Doy Kio (), [)U(t) =Ds 1y Koo 1),

é]o(t) =Cio@t) + Dic(n K10 (1) blcr(t) = Dioct) K20 (1)-

Let &) = [x"(1) x/ 1, v@) =[w"@) rT®1, e) =2() — 2,(1), y(1) =
£(1), we obtain the following augmented switched system:

E) = Ap &) + Bo&(t —d(0) + Cowyy(t — 1) + o) fo iy (x(t — 12))
+ Esu(t), (11)

e(t) = Cio)€(1) + Cag (& (t — d (1)), 12)

- A D _ B 0 - C 0
Aa(f)=|: 7" "(’)], Ba(z)=[ o 0] Ca(z>=[ . 0},

r
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- E 0
E — o(t) ,
O’(l‘) [ O Dr

1 _ N R _
Is) = |:0] . Cioy=[Cioy —Cr+Disy]: Cooty=[Croy 0].

~ A 0 ~ D
Aoy = B(t) A |0 DPor= 60) . Kewy=[Kiot) K],
r

Cioq) = [Cloy —Cr]

then we have Ag([) = A~U(l‘) + Ea(t)Ka(t% élg’(t) = é]o(t) + Dis(t) Ko (1) and the
controller (8) can be rewritten as

u(t) = Ko (1§ (1). 13)

Before moving on to the next section, we need the following definitions.

Definition 1 The system (1)—(3) with w(¢) = 0 is said to be exponentially stabiliz-
able under the controller u(¢) and the switching signal o (¢), if its solution satisfies
Ix ()] < allx(to)lle PU=10), where & > 1, 8> 0,1 > 1.

Definition 2 For any 7 > Ty > 0, let N, (T, T>) denote the switching number of
o (t) on an interval (T, Tp), if

No(T1,T2) < No+ (T2 —T1) /14 (14)

holds for given Ng > 0, 7, > 0. Then the constant t, is called the average dwell time
and Ny is the chatter bound.

Remark 2 The concept of average dwell time was originally proposed for continuous-
time switched systems by Hespanha and Morse (see Ref. [19]), which has been shown
to be an effective tool for the stability analysis of switched systems. As commonly
used in the literature, we choose Nog = 0 in this paper.

Definition 3 Consider system (11)—(12), if the following conditions hold.

(1) The system (11)—(12) is exponentially stable when v(¢) = 0;

(2) Under zero initial conditions, i.e. x(t) = 0,x,(0) = 0,¢ € [—H, 0], the sys-
tem (11)=(12) satisfies [~ e™*"el (e()dt < y? [ v (1)v(t)dr when
v(t) #0.

Then system (11)—(12) is said to have exponential Hy, performance y, where o, y >

0 are positive constants.

Remark 3 The exponential Hy, performance index was introduced for switched sys-
tems in [29] and was extended in [24]. In fact, the concept of exponential Hy, per-
formance index in the form of Zfozko(l — o)zl (5)z(s) < Zsoiko y2wl (s)w(s) is
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proposed for the discrete-time switched linear systems (see Definition 3 in [30]). In
this paper, we modify the definition to adapt the tracking problem in switched neutral
systems.

If there exists a state feedback controller (8) such that the resulting augmented
switched system (11)—(12) is exponentially stable with an exponential Hy, perfor-
mance y, then the controller (8) is said to be an exponential Hy, output tracking
controller.

The objective of this paper is to design an exponential H, output tracking con-
troller (8) such that system (11)—(12) is exponentially stable with an exponential Hy,
performance y .

3 Main Results

3.1 Exponential Stability and Hy, Performance Analysis

This subsection focuses on the analysis of the exponential stability and H, output
tracking performance.

Theorem 1 Consider the augmented system (11)—(12) with v(t) = 0, if there ex-
ist positive definite matrices P;, Q;i, R;, Si, T; > 0, any matrices N;, M; and scalar
o > 0 such that the following matrix inequality holds:

r = = or+ol _ = 7 7
éri P P;C; Pl —i—a e *N; Al Al
* P 0 0 0 e—d pp; BT BT
* *  —e YT 0 0 0 CiT C_‘iT
K ox * —eonT; 0 0 It I <0
* * * * T, —1 0 0 0
% * * * * —d~ e Q; 0 0
* * * * * * —d~! Q;l 0
| * * * * * * * —Sfl _
(15)
and the average dwell time satisfies
In
T > 1) = el (16)
o

then the system is exponentially stable, where

00y +6].6;
-5

¢ = PiBi + e (M = N;),  ¢mi=—e" (1 =R —e ' M; —e ' M]",

L

Gr1i = Al P+ PiA; + R +aPi+e (NI + N;) —

Ou=[01 0], Oy=[6x 0]
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and > 1 satisfying
Pi<uPj, Qi=<uQj, R =uR;, S =uS;, Ti=<uT;, Vi jeN.
A7)
Proof For the ith subsystem, we define a Lyapunov functional candidate of the form
Vi(t) = Vii(0) + Vi (1) + V3 (1) + Vai (t) + V5 (1)

with

Vi) =" (1) PiE()

t
Vai(t) = f 7T () Rig () ds
t

—d(t)

0 t
, _ a(s—1)&T N
Vai (6) —[d /t%e E7 (5) Qi (5) ds do .

t
Vai (1) = f 60V (5)S;y(s) ds
1—11

t
Vi (1) = / 60 1T (()) T f (x(5)) ds
1—1

which is positive definite since P;, Q;, R;, S;, T; are positive definite matrices.
Along the trajectories of system (11) and (12), we have

Vii(t) = 28T (1) Pig(r)
=T () (AT P+ P A)E() + €T ()P BiE(t —d (1)) + £ (t —d (1)) B] P& (1)
+ETOPCiyt — ) +y (t —t)C PE) +ET O P fi (x(t — 1)
+ £ (xt — o)) IF PE@) +ET (P Ejv@) + v (DE] PiE@), (19)
Vai () =T (ORiE@) — (1 —d(0))e DT (1 —d (1)) Ri& (t — d (1))
—a/t S DET ($)RE(s) ds
t—d(t)
<ETOREW) —e A —nET (t —d@®))RiE(1 — d (1))
t
—a/ O DET ($)RiE(s) ds, (20)
t

—d(t)
t

Vi (1) < déT (1) Qi (1) — e~ / ET (50 (s) ds

t—d(t)
0 t . .
—a/ f SET ()€ (s)ds db, (1)
—d Jt+6
Vai () =y (0Siy() — e yT (t — 1) Siy(t — 71)

t
—a / e“S0yT (5)8;v(s) ds, (22)
-1
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Vsi(t) = £ (x(O) T3 fi (x(0) — e ™2 f1 (x(t — ) T; fi (x(t — 1))

t
— a/ eo‘(“’)fiT (x(s))T,-f,-(x(s)) ds (23)
-1
It follows from the Newton—Leibniz formula that
t
S(t)—é(t—d(t)):/ £(s)ds. 24)
t—d(t)
Then for any matrices N;, M; we have
JJ o [N ‘o
2e [S(t _d(t))} [Mi] [g(:) —E(r—d@)) - ftd(t)s(s)ds] —0. (25)
The inequality (5) can be written as
5T G076 5T + 5T
fn) 7| et e [0 ]z o
fi(x(2)) _@_qur(:)zi i Jitx(®) |~
Then combining (19)—(26) with v(z) = 0, we have
Vi(t) +aVi(r)
<" (I + I d Qi + SHI; +de™y; 07w o (t)
t
—e / d()[wfw(m 0:6®)] 07 [wl o) + 0iE()]ds,  (27)
t—al(t
where
o) =[T() ET(t—d®) y@-n) fMxe-w)ff@en] .
=[A B G I 0], vi=[NI MT o o o],
and
d11i P12 PC; Pil; M
* ¢ 0 0 0
M= y _eomg 0 0
* * * —e 02T 0
* * * * T, — 1
Note that
t
e ! / " )[w,ﬂo(r) + 0] 07 [Wl o) + Qid(9)]ds 0. (28)
r—al(t
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By the Schur complement, (15) implies
; + I (@ Qi + ST} +de ™y 07y <. (29)
Thus, it follows from (27)—(29) that
Vi) +aVi(1) <0. (30)
According to (17) and (18), we have
Vilt) < V() = uV;(7). (31)
From (30)-(31) and k = N, (tp,t) < (t — to)/ a4, for any ¢t € [tx, ty4+1), we have

V(1) <™ Vo (1) < e TV, (o (1) < e T Vo (k1)

—a(f— (g
<z pkeT Y 0 (1) < e @7 TV, 0 (1) (32)
Moreover, we obtain
2 2 _(a—my—
] HOY R O] (33)
Here
a = min Amin(F;),
ieN
2

b= max Amax (P;) + dmax Amax (R;) + — max Amax(Qi) + 71 max}tmax(si)
ieN ieN 2 ieN ieN

+ 72 max Amax (T7),
ieN

and
l&o)],, = sup fle@ . s [ fi (xt = ) [ }.
—max(7q,72,d)<t<0
Therefore
b _ 1y _luy,_
Jeo] = 2t B e, o

By Definition 1, we know that system (11) and (12) is exponentially stable. This
completes the proof. g

Now we are in a position to present the following theorem on the exponential Hyo
output tracking performance analysis.
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Theorem 2 Consider the augmented system (11)—(12), if there exist positive definite
matrices P;, Qi, R;, Si, T; > 0, any matrices N;, M; and scalar o > 0 such that the
following matrix inequality holds:

r = N [CHERCXN = = _ - =
¢ 12 PG Pl =% pE CL e N; AT AT
* g 0 0 0 0 CI ey, BT BT
* *  —e YT 0 0 0 0 0 C’IT C_‘l.T
* * * —e T, 0 0 0 0 I_,.T I_iT
* * * * T, -1 0 0 0 0 <0
* * * * * 7}/21 0 ElT E,T
* * * * * * -1 0 0 0
* * * * * * * d~lemdQ 0 0
* * * * * * * * —d! Q;l 0
[ * * * * * * * * * 7Sl.71 _

(35)

and the average dwell time satisfies (16), then the system (11)—(12) is expo-
nentially stable with an exponential Hu output tracking performance y. Here
é11i, P12i, $22i, O1i, O are given in (17).

Proof From Theorem 1, we know that system (11)—(12) is exponentially stable with
v(t) = 0. In the sequel, we shall prove that the exponential H, disturbance attenua-
tion performance of system (11)—(12) is guaranteed for all nonzero v(t) € L;[tg, 00)
under the zero initial condition.

By (19)-(26), and using the same method in Theorem 1, we can obtain

Vi) +aVi(t) + el (Det) — y* T (1) <0 (36)
when t € [#x  tx+1), the following matrix inequalities hold:
t
Vi(t) < e @V (1) — / =9 A (5) ds. 37)
Tk

Let A(s) = el (s)e(s) — y2vT(s)v(s), from (18), (31) and (37), for t € [tx  tr+1),
we have

t
V(t) < e @OV 0o (1) — / eI A(s) ds

Ik

t
< ne™ TV (1) —/[ e I A(s) ds
k

179
< Mea(ttk)[ea(tktkl)VU(tkl)(tk_l)_/ eOl(tkS)A(S)dS]
Ir—1
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t
- / eI A(s) ds
Tk

Tk
= e TV () — M/

tg—1 Ik

5]

< pke =0y, 00 (t0) — Mk/

1o n

179 t
— = [,Lf e I A(s)ds — / e = A(s)ds

tr—1 Ik

n
= Moo a0y, o) _MNa(zo,z)/ == A (5) ds
1o

%) 179
— ,lLN”(tl’t)/ eI A(s)ds — - — ,u/ e ) A(s) ds
4

Ir—1

t
— / eI (s)ds
173

t
< Moo gma=0) 0y / ¢~ =9)  No (50 A (5 ds.
fo

Under zero initial conditions i.e. V (fg) = 0, (38) becomes

t
0< _/ e—ot(t—s)—',—Na(s,t)lny,A(s) ds.
0]

Multiplying both sides of (39) by e~ No (0.0 yie]ds

t
/ e—ol([—S)—Ng (t9,s) lnlLeT(S)e(S) dS
to

t
< / e_a(l_s)_Na(ZO’S)IHMVZUT(S)U(S)dS.
fo

Note that Ny (f9, 5) < (s — t9) /T4, and 7, > In u/a, we have
No (fo, s)Inpu < a(s — 1o).

Therefore it follows from (40) and (41) that

t t
/ e el (s)e(s) ds < / e~y 2T (s)u(s) ds.
o i

'
ef"‘(’fs)A(s)ds—/ e = A(s)ds

1
e I A(s)ds —/Lkil/ e =) A(s) ds

(38)

(39)

(40)

(41)

(42)
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Integrating both sides of (42) from ¢ = ¢y to oo leads to

/ e el (s)e(s) ds < Vz_/ vl (s)v(s) ds. (43)
0]

fo

This means that system (11) and (12) achieves exponential H,, output tracking per-
formance y . This completes the proof. O

Remark 4 When p = 1in (16), we have 7 = 0, which implies that switching signals
can be arbitrary.

Remark 5 Compared with the existing results, the proposed sufficient conditions are
more general due to that the proposed Lyapunov—Krasovskii functional candidate
includes the time-varying delay term d(t).

3.2 Exponential Hy, Output Tracking Controller Design

In this subsection, we will solve the exponential H, output tracking controller design
problem.

Theorem 3 Consider system (1)—(3), there exists a state feedback controller of the
form (13), such that the augmented closed-loop system (11)—(12) achieves the expo-
nential Hso output tracking performance y, if there exist matrices positive definite
}31- >0, Q,- >0, ﬁi >0, Si > 0, T; > 0, any matrices ]\_/,-, M,-, X, and positive scalars
o, y > 0 satisfying

qslli q312i C7‘1’ Pi il (13151' Ei 4;171' 71' 43191- ~ll()i (131“,- (51121'
% By 0 0 0 0 pCL M ;BT BT 0 0
* x By 0 0 0 0 0 ZIeT N Yor 0
* ok x =TT 0 0 0 0 ir ir 0 0
* * * * T, —1 0 0 0 0 0 0 0
* * * * * —yzl 0 0 E’.T E’.T 0 0
<0,
* * * * * * 1 0 0 0 0 0
* * * * * * * qsgg,l 0 0 0 0
* * * * * * * * —d! Q, 0 0 0
* * * * * * * * * —_i 0 0
* * * * * * * * * * =21 0
* * * * * * * * * * * =21
(44)
where
@11 =P, Al + AP, + R, +aP; + N; + N/ + xI' DI + D; x;,
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L &y =P,CL+xI' DL,
D19; = D100 = PiA~l'T + X,-TDI-T, D11 = 131'@_1@,
Di1pi = POL, Dyj=—(1—h)e ™R — M; — M/,
B33 = T (S; —2P), Pssi=d 'e(Q; —2P),
and the average dwell time of the system satisfies (16), u > 1 satisfying
Pi<uPj, Qi<pQj, R <uR;, Si=<uS;, Ti<uTj, Vi jeN.
(45)
Moreover, the gain matrices of a desired controller of the form (13) are given by
Ki=X;P ' (46)

Proof Performing a congruence transformation ~ to (35) by
diag{P”", P!, P71 11, P71 1), denoting X; = K; P;, together with the
change of matrix variables defined by

P=pP', S=s7' Oi=0;"
R; = PiflRinl, N =efadP,'71NiPiilv M; =eiadpi71MiPi71

and by the Schur complement, we find that (47) holds:

D1 Py CiPi I; D5 E; D17 N; Do; 110
x Dy 0 0 0 0 pCkL M; Bl PBT
x % —e PSR 0 0 0 0 0 prCcr pCT
x * -7 0 0 0 0 ir ir
* * * * T,-1 0 0 0 ET ET
* * * * * —y21 0 0 0 0 = 07
* * * * * * -1 0 0 0
* * * * * * * —d~ e p; eré 0 0
* * * * * * * * —d! Q[ 0
* * * * * * * * * 75,-
(47)

where (511,' = P,'AI-T + A; p
- 616, +616y =
Pi 1 212 2i i P

+ R + aP; + N; + NI + XI'DI' + D;x; —

-
Noticing that S;, Q; > 0, we have (S; —P,-)S’i_l(g,- —P)>0,(0; —F_’,-)Qi_l(Qi —
P;)) > 0and (Oy; + @2)T (O1; + ;) > 0, which are equivalent to

~P 8P <5 - 2P, (48)

IA

—P; Q;lﬁi <Qi—-2P, (49)
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_(@5@21'4‘@2];@”)féﬂéli“‘@zTi@Zi- (50

By combining (47)—(50), we readily obtain Theorem 3. This completes the proof of
Theorem 3. U

Remark 6 From Theorem 3, it is easy to see that a smaller o will be favorable to
the solvability of inequalities (44). On the contrary, a larger o is more desirable to
relax t,. Considering these, we can first select a smaller « to guarantee the feasible
solution of inequalities (44), and then increase « to obtain the suitable o and t,,.

4 Numerical Example
In this section an example is given to illustrate the effectiveness of the proposed
approach. Consider switched system (1)—(3) and reference system (6)—(7) with pa-

rameters as follows.

Subsystem 1:

[—-1.5 02 —-02 02 —-0.2 0.1
A=\ 03 —1.5] Bl_[ 0 —0.1]’ Cl_[O.l —0.1]
[0
Dl__—0.1:|’
0.1 0 0.15 0 0 0.15
E = I 0o 01l C]]:[ .1 ], Cz]:[ 1 ], Di; =-0.1.
Subsystem 2:

~-12 03 —0.2 0.1 —0.1 02
A2_[0.2 —1.7] BZ_[ 0 —0.1]’ CZ_[O.l —0.2]

~0.1
e[
E2:[0.1 0], Cn=[01 0], Cn=[0 02], Dip=-0.1

Reference system:

-2 =02 0.1 O
A,z[m _1}, D,=[O OJ, ¢, =[05 05].

It is assumed that « = 0.5,71 = 0.3, 70 = 0.2,y = 1,d(t) = 0.1 4 0.1sin(?),
from (4) we can get d = 0.2, h = 0.1. The nonlinear functions fj(x) = fa(x) =
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L) f (0] with
fa(x) = —tanh(x1) +0.5x; +0.1x3,  fp(x) =0.1x; — tanh(x2) + 0.5x7
It is easy to verify that

0.5 0.1 05 0.1
@“26122[0.1 —0.5]’ @21:@22:[0.1 0.5]

Solving the matrix inequalities in Theorem 3, we obtain

K1 =[27538 —0.7641 —2.0955 —2.6662],

K>, = [0.5400 3.6895 —2.8241 —3.0730].
Then, according to (17), we can get ;. = 4, then 7 = 2.7726. In addition, the ini-

tial value of system (1)—(3) is assumed to be x(0) =[0.5 —0.5]7, and the initial

condition of reference model (6)—(7) is assumed to be x,(0) =[0.1 —0.2]7.
In the sequel, two kinds of reference signal r(¢) are utilized to demonstrate the
tracking results.

Case I: Sinusoidal reference signal
Let
ro) — [2sin(0.271) 2sin(0.271)]", 10<1 <25
[O O]T , others

[02¢7" 02¢7]", 10<1<25
wi) = [0 0]
, others

Obviously, we have v(t) € L,[0, 0c0). The switching signal o (¢#) with average dwell
time 7, = 3 is shown in Fig. 1. The curves of output z(¢) and z,(¢) are shown in
Fig. 2 under the sinusoidal signal. Figure 3 shows the error between the output of the
system and the reference signal.

Case II: Step reference signal
Let

05 05]", 10<t<25
r(t) = T
[0 0], others

oy = | [02¢7 021", 10<r<25
N [O O]T, others

The curves of output z(#) and z,(¢) are shown in Fig. 4. Figure 5 shows the error
between the output of the system and the reference signal.

It can be observed from Figs. 1-5 that the designed controller can guarantee the
exponential stability and Hs, output tracking performance of the closed-loop system.
This shows the effectiveness of the proposed design method.
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Switching Signal

1.5F B

System Modes

05 b

Time(s)

Fig. 1 Switching signal

0.3

z(t)

Output

5 10 15 20 25 30
Time(s)

Fig. 2 Output z(7) and z,(r) under case I

5 Conclusions

In this paper, the problem of exponential H, output tracking control of switched neu-
tral system with time-varying delay and nonlinear perturbations has been addressed.
A new exponential stability criterion has been obtained. Furthermore, the desired ex-
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0.35 T

error

0.3

0.25

0.2

0.15

Error

0.1

0.05

-0.05 I I I I I
0 5 10 15 20 25 30

Time(s)

Fig. 3 Tracking error under case I

0.3

z(t)
zr(t) | |

0.25H

0.2

0.15

0.05

Output
I
—T *L_A [— — T
1

5 10 15 20 25 30

Fig. 4 Output z(7) and z,(¢) under case 11

ponential Hy, output tracking controller has been designed. A numerical example
was provided to show the effectiveness of the obtained results.
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0.35 T

error

0.3

Error
o
-
[6)]

0.05

-0.05 I I I I I
0

Fig. 5 Tracking error under case II
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