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Delay-dependent stability analysis for uncertain
switched neutral system
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Abstract—This paper considers the robust exponential stability
issues for a class of uncertain switched neutral system which delays
switched according to the switching rule. The system under consider-
ation includes both stable and unstable subsystems. The uncertainties
considered in this paper are norm bounded, and possibly time varying.
Based on multiple Lyapunov functional approach and dwell-time
technique, the time-dependent switching rule is designed depend on
the so-called average dwell time of stable subsystems as well as the
ratio of the total activation time of stable subsystems and unstable
subsystems. It is shown that by suitably controlling the switching
between the stable and unstable modes, the robust stabilization of the
switched uncertain neutral systems can be achieved. Two simulation
examples are given to demonstrate the effectiveness of the proposed
method.

Keywords—Switched neutral system, exponential stability, mul-
tiple Lyapunov functional, dwell time technique, time-dependent
switching rule.

I. INTRODUCTION

Switched system is a dynamical system that consists

of a finite number of subsystems and a logical rule
which orchestrates switching between these subsystems. Such
system has gained a great deal of attention mainly because
various real-world systems, such as chemical processing [1],
communication networks, traffic control [2]-[4], control of
manufacturing systems [5]-[6], automotive engine control and
aircraft control [7] can be modeled as switched systems. In
the past, large number of excellent papers and monographs on
the stability of switched systems have been published[8]-[13],
and the reference therein. Dwell time technique is an effective
tool for analyzing the stability of switched systems.

On the other hand, time-delay is a common phenomenon
in engineering control design. During recent decades, great
efforts have been made by mathematicians as well as engineers
to study the stability of neutral systems. Various analysis
techniques have been utilized to derive asymptotical stability
criteria for neutral systems [14]-[22]. Generally speaking, the
current results for this time-delay systems can be classified
into two categories: delay-independent and delay-dependent
conditions. Delay-independent criteria do not employ any
information on the size of the delay; while delay-dependent
criteria make use of such information at different levels. Delay-
dependent stability conditions are generally less conservative
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than delay-independent ones especially when the delay is small
[15]. To the best of our knowledge, it seems that few people
have studied the problem of stability for switched neutral
control system besides [23]-[25]. With single Lyapunov ap-
proach and multiple approach, delay-independent stabilization
conditions for the switched neutral system were obtained in
[23]. Lately, with single Lyapunov approach, delay-dependent
stability conditions for the switched neutral system are derived
in [24] and [25]. All switching rules designed in these papers
are trajectory dependent. However, it is very practical to
obtain the time-controlled switching rule for the switched
neutral systems. Moreover, the delays are remained the same
according to the switching rule in [23]-[25]. All of those have
motivated our research.

In this paper, we are interested in the robust exponential
stabilization synthesis for switched neutral system that consists
of stable and unstable modes. The delays in the systems
are switched according to the switching law. New classes of
multiple Lyapunov functionals are constructed for new delay-
dependent exponential stability condition of the switched sys-
tem, and dwell-time technique is used to analyze the stability
property, as a result the criterion on delay-dependent stability
is derived in terms of linear matrix inequalities. The switching
rule designed in this paper depends on not only the ratio of
the total activation time of stable modes and unstable modes
but also the so-called average dwell time of stable modes.
This paper is organized as follows. Section 2 describes the
switched neutral system and introduces some notations and
lemmas that will be used in the rest of this paper. Section
3 gives our main results in this paper. Simulation examples
are given to demonstrate the effectiveness of our theoretical
results in section 4. Some conclusions are drawn in Section 5.

A. Problem statement and preliminaries

Nomenclature
R" n-dimensional real space
RM™ set of all real n by n matrices

2T or AT

P >0  (respectively, P < 0) matrix P is symmetric
positive (respectively, negative) definite

P >0 (respectively, P < 0) matrix P is symmetric
positive (respectively, negative) semi-definite

transpose of vector x (or matrix A)

*  the elements below the main diagonal of a symmetric
block matrix
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Consider the following switched uncertain neutral system:

i (t) = Cowy (1) (t — 7o) =
o Aoy (D)7 (t) + Bogy (D)2 (t = o) (1)
x(tO + 6) = @(9) 7V0 S [_pvo]

where z(t) € R" is the state vector , r,(;), 7o) > 0
are constant time delays, 7 = max{r:i€o(t)}, r =
max {r; : i € o(t)}, p = max{r,r} and ¢ () is the initial
condition function. o(t) € M = {1,2,---,m} is piece-
wise constant switching signal. This means that the matrices
(Agty(t), Bo)(t), Cy)(t)) are allowed to take values, at an
arbitrary time, in the finite set

(Aoty(1), Bo(y (1), Co(y (1) € {(A1(t), B1(t), C1 (1),
5 (A (t), Bm (1), C (1))} 2

The system matrices are assumed to be uncertain and satisfy

[Ai(t), Bi(t), Ci(t)] = [Ai, Bi, Ci] + DF(t)[Eqi, Epi, Eeil,
3)
where A;, B;,C;, D, E,;, Ey;, E.; are constant matrices with
appropriate dimensions for ¢ € M, and and F(t) is an un-
known, real, and possibly time-varying matrix with Lebesgue
measurable elements, satisfying

FT)F(t) < I. )

The following definitions are necessary.

Definition 1: ([11]) The equilibrium of system (1) is said
to be exponentially stable under the switching rules o(t), if
there exist scalars o > 0 and « > 1 such that for all z (t) the
following inequality holds:

lz (@)1 < ve= = ]Iy,

where ||[|denote the Euclidean norm and ||,

/
max _max o (s)l|, max " (s)] -

Definition 2: ([11]) For any Ty > T7 > 0, let N, (T1,T»)
denote the number of switching of o(t) over (13,T%). If
Ng(Tl,Tg) < NO + (T2 — Tl)/Ta holds for Ta > O,NO > O,
then 7, is called average dwell time. As commonly used in
the literature, we choose Ny = 0.

Before presenting the main result, we first state the following
lemmas which will be used in the proof of our main result.

Lemma 1: ([26]) Given matrices Q = QT, H and F of
appropriate dimensions, then

Q+HFE+ETFTHT <0

for all F satisfying F7(¢t)F(t) < I, if and only if exists an
€ > 0 such that

Q+cHHT +'ETE <0

Lemma 2: ([27]) For given matrices Ajp, A1, Aoy with
appropriate dimensions,

All A12
* A22

holds if and only if Agy < 0, A1y — A12A45, AT, < 0.
Lemma 3: For any constant matrices (11, Q12, Q22 €
Rm>™, ( Qi G > (0, scalar A > 0, and vector function

* Q22

| <o

z : [=h,0] — R™ such that the following integration is well
defined, then

e ] [ en @ z(t)
’h/t_h[ () ] [ S ] [ () ]dt
Sl w(s)ds g Q Q -Q [E a(s)ds
<_|: t—h :| [ 11 12 ,in ][ ¢ };(t) ] )

z(t — h)

z(t) x Q22
z(t —h) * * Q22

Proof. Following Jensen’s integral inequality [28], one can
obtain

L[ S]]
JL, (s)ds }T[ Qu Qi ] [ JL, w(s)ds }
ftt—h @(s)ds * o Qo ftt—h i(s)ds

o Rt I | I i N

Re-arranging some terms of (6) yields (5). This completes the
proof.

From (1), the system discussed in this paper is a general
form of that considered in [23]-[25]. In addition, the switched
neutral system consists of both stable modes and unstable
modes. The aim of this paper is to find a new strategy for
the exponential stabilization of the switched neutral system.

8 8

IN

B. Stability analysis

In this section, we establish exponential stability of switched
neutral systems incorporating stable and unstable modes. Let
1 € Ss and j € S, be respectively the set of indices of stable
and unstable modes.

Firstly consider the nominal and stable switched neutral
subsystems

{ T (t) — CZJJ (t — Ti) = AZZ() (t) + BiZ() (t — Ti)

2 (to+0) = ¢ (60) 0 € [p,0] i € S, ™

Choose a new class of Lyapunov functionals candidate for
systems (7) as following

Vi(t) = Vi (t) + Via(t) + Via(t), (8)
where
Vi (t) =2 (t) Pi(t),
; — . ? ! {E(S) g —ai(t—s)
Via(t) = /—ri t+6 { #(s) ] ¢

< G [5G e
Vis(t) = /ttﬂ

i (s)e =) Rix(s)ds,
scalars «; > 0, matrices P; > 0,R; > 0,Q;11 > 0,Q20 >
0, Q12 with appropriate dimensions to be determined. The
following lemma gives a decay estimation of V;(t) along the
state trajectory of systems (7).
Lemma 4: Given scalars «; > 0, if there exist matrices
P > 0,Qi11 > 0,Qiz2 > 0, Q2 and N} (I = 1,---,5)
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are any matrices with appropriate dimensions, such that the
following LMIs hold:

Qi1 Qiz .
i = > 0,1 €85 9
@ ( * Qio2 ®
®i11 P2 Qi3 Pia Pits
*  Qio2 Qia3 Piaa Pizs
;= * ¥ i3z Pisa dizs | <0,  (10)
* * * Qs Piss
* * * * ®is5
where
b1 =a; P+ PiA; + AT P+ r2Qin
— e Q90 + N A + AT Ny,
di12 :T?Qim - NZ{ + AiTNizy
b3 =P,C; + NLCi + AT N3,
¢i1a =P;B; + N\ B; + AT Nyy + e "1 Qj00,
bi1s = — e QN + AT Ny,
bizo =17 Qa2 — Nj5 — Nia,
bizs =N5C; — Niz,  biss = —€~ " Qi1
biza =NjpB; — Niay  dios = —Nis,
¢iz5 =C{ Nis, ¢ias = BI Nis + e "1 Q],,,
bizg = — e “T R, + N5C; + CF Ny,

piss =Nj3B; + C] Ny,
Gisa = — € " Qiza + N}y B; + Bl Ny,

then along the trajectory of the systems (7), it follows that
(11

Proof. Along the trajectories of systems (7), with lemma 3, it
hold that

Vi (t) = 227 (t)

Vi(t) < e @0V (tg),i € S,.

Pi[A;x (t) + Bz (t —13) + Cid (t — 7)),

(12)
A _ .2 ‘T(t) Qz Qz T t
o= [ [ g2 ][]
—Oéi‘/i2(t) _7'1 |: 1( :| 7al(t s)
Qi1r Qi2 z(s)
X{ . QmH ()}d
(t) Qi1 Qi (t)
<2 ][4 e ][] -emeo
:,m. z(s)ds Qi1 Qa2 —Qir2
—e T x(t) 0 Quon —Quzo
x(t—r;) * * Qiz2
ffinx(s)ds
X x(t) ) (13)
(t—?"i)
Vis(t) = &7 () Ry (t) — &7 (t — 7)™ *T Ry (t — 73)
a;Viz(t). (14)

For any matrices Ny(I = 1,---
systems (7) that

,b), it follows from the

[T (ONE + T (NS + 3T (t — 7)) NE + 2T (¢ — )N
ft - x(s)ds TNZ;] x [A;z (t) — @ (t)
+Bix (t —r;) + Ciz (t —7;)] = 0. (15)

Then, from (12)-(15), one can obtain that

Vi(t) + a;Vi(t) < aizT () P (t) + 227 (t) Pi[As (t)
+ Bix (t — )+Cx( )] + &7 (t) Ry (t)
) Qlll QLIQ (t)
{ () } { * 0 Qix ] [ z(t) }
f ds Qi1 Qiz —Qir2
—e x(t) * Qizz —Qi2a
z(t —ry) * * Qi22
S, w(s)ds
x I(t) - xT(t — Ti)e_alnRiii‘(t — Ti)
x(t—r;)

+ 2T ONE + 2T (NG + 2T (t — )N

t
+ 2Tt~ r)NE + ( / £(s)ds)T N
t—r;

X [Aiz (t) — 2 (t) + Biz (t — ;) + Cig (t — 13)]
=€T(t)gik(t) <0
where

t
€)= [ (8) " (8) @7 (¢ —m) @" (t — 1) (/ w(s)ds)"]
Jt—r;
Thus, V;(t)+a;V;(t) < 0. Integrating these inequalities gives
the inequalities (11). This completes the proof. O
With the uncertainty described by (3) and (4), the following
corollary is obtain for the switched neutral subsystems as

z(t) = Ci(t)z (t — ) = Ai(t)z (t) + Bi(t)x (t — 1),
{ x(to+0)=¢(0),Y0 € [-p,0],i € S
(16)
Corollary 1: Given scalars a; > 0, if there exist scalars
g; > 0 and matrices P; > 0,Q;11 > 0,Qi20 > 0, Qi10,
NF{l € (1,---,5)} with appropriate dimensions, such that
the following LMIs hold

Qi — < Q’Lll Qle ) > 07 (17)
* Qio2
pi11 Pz Pz pia ¢is NID  PD
* $ize  ¢i23  diza  pizs NLD 0
* * @33 @iz 0 N;éD 0
pi = * * * wiaa 0 NyD 0 <0
* * * * bis5 N};D 0
* * * * —e;l 0
* * * * * * —e;l
(18)
where

@it1 = i1 + 26, E iy itz = i3 + 26, B B,

Pita = s + & EL By, iz3 = dizs + 26, EL By,

Qisa = Gisa + & EL By, Qias = diaa + i B By,
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with ¢ri(i € Ss, k,l = (1,---,5)) are defined in lemma 4,
then along the trajectory of the systems (16), it follows that
Vi(t) < em V(1) € S, (19)

Proof. Replaced A;, B;,C; in LMIs (9) respectively with
A;(t), By(t), Cs(t) which described in (3) and (4). ¢; are
changed into ¢; as following

hooen (70 ) )2

T
Ft) 0
T T
+ FE < F(t)) H* <O0. (20)
where
o E., 0 Ey; Ey O
E,;, 0 E; 0 0
HT — DTN;;y D'N; DTN;3; DTNy DTN
B DTPl- 0 0 0 0

From lemma 1, the above inequality (20) holds if and only if
there exist some scalars €; > 0 such that

i +e;iETE+ e "HHT < 0. (21)

With lemma 2, the aforementioned inequality (21) is equiva-
lent to LMIs (18). This complete the proof. O
The following lemma will be given for the nominal and
unstable switched neutral subsystems such that
T (t) — CJI (t — Tj) = A]'I‘ (t) + ij (t — ’l“j)
x(to+0)=¢(0),Y0 € [—p,0],5 €S,
Choose another class of Lyapunov functionals candidate of the
following form

Vi(t) = Vi (t) + Via(t) + Vja (0), (23)

(22)

where

Vi (t) =2 (t) Pja(t),

T
. / / { ] o (t=3)
140 .'ES

[ gz [9 Jom

t
Vjs(t) = /t @7 (s)eP1 =) Ryx(s)ds,

scalars 3; > 0, P, Rj,Qj11, Q22 are positive definite sym-
metric, (Jj12 are any matrices with appropriate dimensions to
be determined.

Lemma 5: Given scalars §; > 0, if there exist matrices
}Dj > O,QJ‘H > 07Q]'22 > 0, leg and ij;{l =1,--- ,5}
are any matrices with appropriate dimensions, such that the
following LMIs hold:

QJ:(Qi“ gjﬁgj)w,jesu, 4
dj11 dj12 dj13 Pja Djis

*  djoa Pjoz djoa bjos

b; = * *  djzz dyma Py [ <0, (25)
* * *  Pjas Pjas
* * * * G5

where

pj11 =— B;Pj + PjA; + AT P +13Q;11

— Qja2 + NJJAj + AT Ny,

Pj12 =13 Q 12 — Nﬁ + A?N 2

¢j13 =P;C; + N};Cj + A]-TN]B»

¢j1a =P;Bj + N}y B; + AT Njy + Qja2,

dj15 = — Q12 + A Njs,

$j22 :T?Qj22 - N}; — Njo,

¢jos =Nj5C; — Nys,

Gj24 :Nngj — Ny,

¢jos = — Njs,  ¢js5 = C} Ny,

pjzs =— €% R; + NjsC; + CTN.

¢jaa =Nj3Bj + C] Njs,  ¢jas = B} Njs + Q12
Gjaa = — Qjo2 + N\Bj + Bl Njs,  ¢js5 = —Qju1,

then along the trajectory of the systems (22), it follows that
Vi(t) < e TVi(tg), j € S (26)

Proof. Similar to the proof of lemma 4, any matrices N;z(k =
1,---,5) with appropriate dimensions, it follows that
Vi) = B;V;(t) < —Ba” () Pja(t) + 227 (1) P [A;z (t)
+ Bjx (t — ;) + Cj (t — 7)) + & (t) Ry (t)

+ 2 { x(t) r{ Qi1 Qji2 } { @ (t) }

10 * Quzz &(t)
ff,” w(s)ds 1" [ Qi Q2 —Qone
- x(t) * Q2 —Qjo2
x(t —rj) * * Qj22

ftiT] z(s)ds
X z(t) — &7t — 7)€’ Ryi(t — 1)
(t*TJ)
+ T ()N + &7 (¢ )Nﬁ-*-ffT(t—Tj)N};

+ @l (t =) Nja+ ( ﬁ(s)ds)TNjT&s]

x [Ajz (t) — & (t) + B]-a: (t —r;)+ Cji (t — 75)]
=¢" (t)es€(t) <0

where ¢7(t) are defined in lemma 4. Thus, V;(t) — 3;V;(t) <
0. Integrating these inequalities give inequalities (26). This is
the end of proof. O

Similar to corollary 3.1, the following corollary is given for
the switched neutral subsystems (22) with uncertain structure
satisfy (3) and (4), such that

& (t) = Cy(t)a (t — 1) = Aj (D) (1) + B (H)x (£ —75)
$(t0+9) = (}9(9),V0 € [7P70]7] € Su

(27)

Corollary 2: Given scalars §; > 0, if there exist scalars

EJ > 0 and matrices P; > 0, Qj11 > 0, Q22 > 0, Qj12,

{l e (1,---,5)} w1th appropriate dimensions, such that
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the following LMIs hold

Q; = ( Qo @iz ) >0, (8)

22
wi11 ®j12 @13 pja ¢j15 NLD P

S

1
* Pjo2  Gj23  Pjoa  bjos Nj-l;D 0
* * P33 Pj34 0 NjTgD 0
Yi = * * * a4 0 NJI;D 0 <0
* * * * Dj55 NJ?;;D 0
* * * * * —&;1 0
* * * * * * 7&‘]'[
(29)
where

V11 = Qj11 + QEjEZ;Eajv P13 = ¢j13 + 25jEZ;Ecj7
@i1a = j1a + &, EL Eyj, s = ¢jss + 26, EL Eej,
Pj3a = Gj3a + Eng;Ebja Pjas = Qjaa + EijTijj,

with @i (j € Su, k,l = (1,---,5)) are defined in (24), then
along the trajectory of the systems (27), it follows that

Vi(t) < e%UT0Vi(tg),j € S, (30)

Remark 1: Obviously, lemma 4 and corollary 1 also imply
exponential stability of each subsystems in (7) and (16), while
lemma 5 and corollary 2 do not guarantee stability of each
subsystems in (22) and (27) since they provide sufficient con-
dition of growth estimation of Lyapunov functionals candidate
(23).

Now, we are in the position to give the main result of this
paper.

Theorem 1: The trivial solution of systems (1) is globally
exponentially stable and the state decay estimation is given as

b iy
l(t) ll< \/;e P g e, €2

if the following assumptions hold:
I1. For i € S,

Vi(t) < em TV (t), (32)

«; and V;(t) are determined by corollary 3.1.
12. For j € S,,

Vi(t) < P T0Vi(to), 33)

B; and V;(t) are determined by corollary 3.2.

IL Let & = min{cey; : Vi € Ss} and § = max{f; : Vj € S, }
with o; and (3; being respectively the decay rates of stable
modes and the growth rates of the unstable modes, T (¢, t)
and T~ (to,t) denote the total activation times of the unstable
and stable modes over (to,t), respectively. Assume that for
any to, the switching law guarantees that

T (to,t) ca- A —1Inpy /T
T_(t07 t) h 6 + A+ ln;U'Q/Tu
where A* € (0, ), T denote the average dwell time of the
stable subsystems over T~ (tg,t), and T}, denote the average

dwell time of the unstable subsystems over T'"(tg,t). The
average dwell time T satisfying

(34

In pq

T, >TF =
’ Sa— A

(35)

Moreover, 1, e > 1 satisfies
P, <paPj, R <pi1Rj,i € Ss,j € Su,
Qi:< Qi11 81‘12 ) <M1< Qiu 8]‘12 >:H1Qj7

* i22 22
Pj < HgPi,Rj < peRii € Ss,j € Su,

R B Y (R () R RC

* j22
while the other case is different as following

Py < pm P, Ry < pmRy,m = 1,2
Qr = < Qrir Qriz ) <Hm< Qill 8;;; > = umQ, 37

* Qra2

where, m = 1 when both & and [ are in S, and m = 2 when
both k£ and [ are in S,,.

a = )\min(Pi)a

T2

b= /\max(Pi) + Ti/\max(Ri) + E)Hnax(Qi) (38)

Proof. Just for the sake of our discussion, we assume that
the unstable subsystems active during [ton, tan+1), Vant1(t)
and 3,41 belong to this interval; while the stable subsystems
works during [t2n41,t2n+2), Vont2(t) and a,41 belong to
this interval. In fact, the order of these switching sequences
has no influence to our discussion.

Now we just discuss the case that ¢ € [ta,, tant1), While
the other case is similar to this case. As t € [tap, tant+1), With
the conditions (32), (33) (36) and (37), it holds that

Vant1(t) ePrrr=t2n) iy, (1)
<65n+1(t—i2n)uzv2n (t;n)
geﬂnJrl (t7t2n)M267Qn(t2n7t2n—l)v2n (t2n71)

geﬁnJrl(t*th)IuQe*an(t277,*t2n71)u1v'2n71(tz—n_l)

<py T VA () exp[Bat (t — tan)

n

+ ) Br(tan—1 — tak—2) — an(tar — tar—1)].
= (39)

Let Ny(T~) denote the number of switching of o(¢) in
the total activation times of stable subsystems, and N, (T7)
denote the number of switching of & () in the total activation
times of unstable subsystems. According to the definition 2,
the above inequality (39) becomes

Vanga (6) < eNo(T ) st i 9T =0T 1)
< eth%T++h)T%T_eﬁT+_aT7‘/'1(to) (40)
Combining (39)-(40) with (34)-(35) yields
Vant1(t) < e 0V (1) (4D
Also notice that
Vilto) bl o 21, allz(t) [P<V() @42
Combining (41) and (42), leads to
a |l w(t) P< be™ ) | |17,

which implies (31). This completes the proof. O
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Remark 2: Assumption I is made to estimate the growth
rate of unstable subsystems or the decay rate of stable sub-
systems, while Assumption II means that the total activation
time of unstable subsystems is smaller than that of the stable
subsystems, and it also implies that the dwell time 7§ should
not less than the specified value.

Remark 3: There is no other restriction on the dwell time
T, however, the condition (34) implies that the ratio of the
total activation time of unstable subsystems to that of the stable
subsystems should decrease as the dwell time 7;, increase.
In addition, it also means that the ratio can be raised as T
increase from condition (34).

Remark 4: 1t is easy to see that our delay-dependent results
consider not only the information on the size of the discrete
delays but also such information on neutral delays. However,
according to the meaning of single Lyapunov approach, [24]
and [25] could not obtain the delay-dependent conditions on
neutral delays at all.

C. Simulation examples

In order to show the effectiveness of the conditions
presented in Section 3, in this section, two examples are
provided.

Example 1. Consider the nominal switched neutral systems
as following,

T (t) — Ciz (t — 7'1) = Ax (t) + Bix (t — 7'1) ,1e SS7
Z’(t) — Cgi‘ (t — 7'2) = AQ.Z(t) + Box (t — 7”2)72 S Su,
(43)
the parameters of the system are specified as follows

0.9 02 11
A1_<0.1 —0.9)’ AQ‘(1.5 —2)’

—-1.1 —02 -1 —0.6
Bl_( 0.1 71.1>’ BZ_(0.5 71.2)’

-02 0 0.2 0.1

Cl_( 02 —0.1 > C2 = < —04 08 >
with 7 = 0.245, 77 = 0.2455,ry = 0.4372, 75 = 0.2526.
Seeing from Figs. 1 and 2, we can easily find that subsystem
1 is stable while subsystem 2 is unstable. However, for oy =
2.3,8, = 1.9, \* = 1.6, y; = 1.3532 and po = 1.1242,
we have feasible solution of LMIs in lemma 4 and lemma
5. Theorem 3.1 gives T = Oltr‘_—’f\l = 0.4321. Taking T, >
Tr = alnj‘;* = 0.4321 and Ty = 1.4732 as a period time of
both subsystem 1 and subsystem 2 are activated, Subsystem 1
activated on nTy < ¢t < nTy + 1.4321(n = 0,1,--- ,), while
subsystem 2 activated on nTp +1.4321 < ¢ < (n+1)Tp(n =
0,1,---,). From (38), we have a = 16.6045,b = 1356.9.
Using (31), one can obtain

| 2(t) || < 1.7986e03¢=0) || 24 |01,

which means that the switched neutral systems is exponentially
stable by Theorem 3.1. Let (4, —5) be the initial point. Fig3
show the state trajectories of the switched neutral system, and
Fig4 show the the phase map of the switched neutral systems.
From these figures, one can see that the switched neutral

systems consist of unstable subsystems and stable subsystems
can reach to stability rapidly using the above time-dependent
switching rule.

[ R
I S S S - S S R TR

0 500 1000 1500 2000 2500 3000 3500

Fig. 1. Behavior of the state component of the switched neutral subsystem
1.
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Fig. 2. Behavior of the state component of the switched neutral subsystem
2.
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A o b b o e v w s
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Fig. 3. Behavior of the solution x(t) of the switched neutral systems.

1

0

-1

Fig. 4. The phase map of the switched neutral systems.

Example 2. Consider the systems discussed in Example. 1
with uncertain structure described by (3) and (4) as following

{ () —Ci(t)z (t—71) = A1(t)x (t) + Bi(t)z (t — r1),
z(t) — Co(t)x (t — 1) = Aa(t)x (t) + Ba(t)z (t — 7"2()4,.4)
where D = 0.14591,E,; = Ep; = E,; = I(: = 1,2). The
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uncertainty matrix is chosen as

F(t) [ ccz)st 0 }

sint

For ay =2.3,8: = 1.9, A* = 1.6, p1 and ps are as same as
it in example 1. Choose 1 = 0.1,e2 = 0.05, we have feasible
solution of the LMIs in Corollary 3.1 and Corollary 3.2 as
following

po_ ( 11409  —0.6198

=\ —0.6198 1.8927 )’

p,_ ( 08973 —0.5463

27\ —0.5463 1.5553 )~

R — (4205677 5.9623

1= 5.9623  410.9918 /°

R — ( 265-0990  18.9656

27\ 18.9656 268.3814 J°
1.4344 —22.2792 0.0574 —0.2406

0 - 18.0982  3.6692  —0.4080 0.8578

1= 0.0574  —0.4080 2.9957 —0.2636 |’
—0.2406  0.8578 —1.3419  3.4756
1.3255  1.5421 —0.1424 —0.2460

Qs = —5.4866 3.5090 —0.2001 0.7516

27| —0.1424 -0.2001 3.0241  0.0234
—0.2460 0.7516 —1.1701 2.6254

Using (31), one can obtain
| z(t) ||< 17.9430e03C10) || 20 [|oy,

which means that with same switching law given in Exam-
ple. 1, the uncertain switched neutral systems can be robust
exponentially stable.

II. CONCLUSIONS

A new switching rule for stabilization of a class of uncertain
switched neutral systems is achieved in this paper. By employ-
ing multiple Lyapunov functional approach and dwell time
technique, more flexible time dependent switching rule for
stabilization of this systems is given. The robust exponentially
stable criterion is derived in terms of linear matrix inequalities.
Simulation examples are given to demonstrate our theoretical
results.
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