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Abstract

This paper is concerned with the problem of asymptotic stability
for linear systems with time-varying delays. With the
introduction of delay-partition approach, some new delay-
dependent stability criteria are established and formulated in the
form of linear matrix inequalities. Both constant time delays and
time-varying delays have been taken into account. Numerical
examples are given to demonstrate the effectiveness and less
conservativeness of the proposed methods.
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1. Introduction

Time delay is commonly encountered in various physical
and engineering systems such as aircraft, biological
systems, networked control systems, and so on. Since the
existence of time-delays causes poor performance,
oscillation, or even instability, it is very important to
investigate stability analysis for systems with time-delays
before designing control systems, see for example [1] and
references therein.

On the other hand, neutral time-delay systems contain
delays both in its state, and in its derivatives of the state.
Such a system can be found in population ecology [2],
distributed networks containing lossless transmission lines
[3], heat exchangers, robots in contact with rigid
environments [4], etc. Stability of these systems was
proved to be a more complex issue because the system
involves the derivative of the delayed state. Because of its
wider application, the problem of the stability for neutral
time-delay systems has attracted considerable attention
during the last two decades.
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By using the Lyapunov--Razumikhin functional approach
or the Lyapunov--Krasovskii functional approach, several
stability criteria have been proposed for delay-independent
[5,6] and delay-dependent stability criteria [7,8] cases.
Since delay independent conditions are usually more
conservative than the delay-dependent conditions, more
attention has been paid to the study of delay-dependent
conditions. For example, a delay-dependent stability
criterion for uncertain neutral systems with time-varying
discrete delay was obtained in [9] based on a model
transformation and Park's inequality [10].By taking an
augmented model which included the original system and
the model obtained by taking the time-derivative of original
system, Ariba et al. [11] proposed a new delay-dependent
stability criteria for time-varying delay systems. In [12], the
triple integral Lyapunov-Krasovskii functional approaches
which utilize more information about states and delayed
states have been proposed. Suplin et al.[13] proposed
delay-dependent stability conditions for time-delay
systems based on the augmented Lyapunov-Krasovskii's
functional and Finsler's lemma. Therefore, it is strongly
needed that some new methods should be studied to
improve the upper bounds of stability criteria.

Motivated by the above, in this paper, a new delay-
decomposition method for neutral systems with time-
varying delays will be proposed. By constructing a suitable
Lyapunov-Krasovskii's functional, some novel delay-
dependent stability criteria are derived in terms of LMIs
which can be solved efficiently. In order to derive less
conservatively results, by using the delay decomposition
approach, the delay interval [—z,0] is decomposed into

[-7,—ar]and [-a7,0]. Since a tuning parameter is
introduced, the information about x(t — az) can be taken

into full consideration. Then we chosen different weighting
matrices in each subinterval, which yields less
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conservative delay-dependent stability criteria. Finally,
numerical examples are included to show the effectiveness
of the proposed method.

Notation. Throughout this paper, R" is the n-dimensional
Euclidean space, R™" denotes the set of mxn real
matrix X, denotes the element in row i and column j of
matrix X . | is the identity matrix The notation * always
denotes the symmetric block in one symmetric matrix

Matrices, if not explicitly stated, are assumed to have
compatible dimensions.

2. Problem statement and preliminary

Consider the following neutral system with time-varying
delay:

z(t) = Az(t) + 411,(t —7(t))
z(s) = ¢(s),s € [-7,0] )

where x(t) e R"is the vector, A, A are known constant
matrices with appropriate dimensions, ¢(s)eC, _ is a

given continuous vector-valued initial function, and z (t)

is a time-varying continuous function that satisfies the
conditions

0<7(t) <7 7T(t)<p<l @
The purpose of this paper is to establish delay-dependent
stability conditions for neutral system (1). To obtain the
main results, the following lemmas are needed.

Lemma 2.1[14]: For any constant matrix X € R
X = X" >0, a scalar function h:=h(t)>0 ,

nxn

and a

vector valued function x:[-h,0] - R" such that the
following integrations are well defined, then

0
_;[ #T (t + )X a(t + s)ds < €L (1) { _}f _XY } & (t)
) ’ ©)

,7f LQ §)Xi(s fzsdaqg()[—; _;;

where &' (t) =[x"(t) x' (t—h)]
and & (1) =[x () j{ith(s)ds]

22019]: Let f, f,,., fy

Ea(t)

@

Lemma :R™ > R have

positive values in an open subset D of R™. Then, the

reciprocally convexcombination of f, over D satisfies
min Zalfl(f) = Zfi(t) - n_l;_ixZgi_j(f)

{ﬂi,|Q|>D~ Ct":l} i i g\.)(“!__’éj

i

subject to
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.pm A filt)  gis(t)
{gl.j'p HR-Q}J(T-) gl.](t)'|: g”(r) fj(f) j| 20} (5)

3. Main results

In this section, we propose a new delay-dependent
stability criteria for neutral system (1). Both constant time
delays and time-varying delays are treated. In order to
obtain some less conservative sufficient conditions, we
decompose the delay interval [-7,0]into [-7,—«a7 ]and

[-a7,0],
(t) e[-7,—ar]and ¢ (t) e [-ar,0]. For convenience,

and we consider the both condition

we define e, (i =1,
e, =[0 0 I 0 .. 0] The
notations for some vectors and matrices are defined as:

2,..,9) as block entry matrices. For

example, other

=" () 2" (t—7(t)) 2" (t—ar) 2T (t—7) &" (t—a7)

( 'r)fr 0T 21 (s)ds :_;—T(t) xT (s )ds [, aT xT (s)d s],
)=[zT T]:{'T(t 7(t)) 2T (t—at) z (1‘, 'r) T (t—aT)

r f);; el (s)ds [, ;” T(s)ds [T 2T (s)ds],
o (f —[:e, (t ar) z! (t—1) & (t QT)JLT(f T)

I s)dq T ( )ds],
sT(r)=[wT(J T(t m) (t—7) [ 2T
] f__:” .r-T(s]dS]

' ()=[="(t) 2" (t)]

[I3=[e1 e2 e3 €6 e7], [I3=[Aco €1 €5 e1—€3 €3—e4],

(s)ds

le[el e3 eq ey eg+eg),I11 =[ey e3 e4 er+es eg]
H%Z[fg Ea—En €g €9 —84]._

[2=[A. €6 €7 e1—e3 es—ey], [I3=[e7 e1—ea es ea—es).
A.=[AA,0000000], A.o=[A A, 00000]

Now, we have the following theorem.
Theorem 3.1: For given scalars7 , z and0 < a <1, the

system (1) with (2) is asymptotically stable if there exist
positive definite matrices P =[P;];.5, ©, =1[Q,;1,.,.
Q, =[Q, il Y1 =W, 1, ¥, =W, 5], T;,
Qo Qi(i=3,4,5,6), =[S0
0, =[S,;l,.,, N;(1=123,4,5,6), with appropriate
dimensions such that the following LMIs hold:

U, O

* Wy

any matrices O,

oM <0, >0, k=1,2
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Qs N Q3 Ny Qs N3

0 0 0.
R b R
Qs Ny -0, Qs Ns -0, Qs Ng 0.
¥ (QQy * Qe * (s
where

() =T PII] +T0 P(IT) T +(e1Q1 1167 +261Q1 12AT +A4.Q1 22AT)
+(e3Q2 1161 +2e3Q2 1268 +e5Q2 22¢])
—(eaQa11€] +2€4Q9 10€k +ecQa2 a0el)
+(ar)?(ey W 11eT 426, Wy 10 AT L AW, 5, AT)
+(1—a)?7 2(61112 11€] +261W ZAT—l—A Wy ZAT)
—egWa 1164 —‘)egﬁfz 12€5 +269W2 12€1 —egﬁg Qge:r{

T, 0 :| (Hé)T

+9€31L2 2264 —6_1“'2 2264 H3
* Wy

+ A (V2T 47 2TQ)AT (ozT)QelTleT—i—Za're]Tle?
—E‘7T1€=- —i—engel —(1— u)engE:Q €7Tle~
—267T188 —egTheg —(1—&)2T2€1T281 —enge;‘;
+2(1—cr)relTze§+m(e1Qae?+AcQ4A3")
—(e3Q1.11€3 +96’3Q1 12ed +esQ1 22el)
+(1—a)r(e1QseT +A. Qs AT ey NyeT
—EQNICQ +€2N262 —€3N26’3 +€3N3€3 —€4N3€4
O =T PIT+11, P(I) T+ (e1Q1 116 +261 Q1 12 AT +A4.Q1 2247
+(e3Q2,11€1 +2€3Q5 106l +e5Q3 00¢l)
—(esQ2.11€] +2€4Q5 10ed +e6Q2.206F )
+H(aT)?(ey Wy 1€l 42e, Wy 1o AT L AW, 5, AT)
+(1—a)272(eyWa 16T +26, Wa 15 AT + A, W, 2, AT)

—67.‘1/71,1167 —267“’1,1261 +2e71'1f1,126:£—eﬂfVl‘ggerf

+2e Wy g0el —e3 Wy gged 113 lI:Q 32 ] (Hg)T
2

2T+ QTQ)AT (ar)zelTler{—&—QaTe]Tle:‘;
—97T16~+61Qgel —(1- u)engeQ
—(1—a)?12e;Thel +2(1—a)7(e1Taed +e1Taed)
—esThel —2esToel —egTored +eiNyel —eoNgel
+ar(e1Qsef +A.QuAT)+(1-a)r(e1@Qse] +AQeAL)
—(e3Q1.1165 +2e3Q1 12el +e5Q1 22el)
—I—QZNGeg—e3N4e%h+e3N5e:{—e4Nﬁej{

Proof: Let us consider the following candidate for the

appropriate Lyapunov—lérasovskii functional:

V=>V,
i=1

Ay

(6)
where
=T (t)Pe(t)
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t—aT

o (0)Qun(t)ds+ / T (6)Qan(t)ds,

t—1

t
ve= [
—

C(TU t
Vicar [ [T (Win(e)asas
—aTd t+0

+(1—a)T / i /t +9'T?T(t)‘lfzn(t)d5d9,

Vi=mi ] / f &1 (s)T&(s)dsd\df
aT +A

Jﬂz/ f/ (s)Ta2(s)dsdAdp,
—7 +.\

Vi= 21 (s T
a f”m (5)Qoz(s)d

Vo= /—QT_/Jrg §)Qaa(s)+&" (s)Qai(s)]dsdd

Lo

(8)Qez(s)]dsdb,

_ - (1- ct)272

n= —,”r 2

FromV,,V,,V.,and V6 ,we have their time-derivatives as:
Vi=2eT (1) P&(t) @

Vo=n" (t)un(t)—n" (t—aT)Qn(t—ar)
—I—r,‘fT(t—aT)Qgr](t—a'r)—nT (t—=7)Qan(t—7)
:Cf(t)[(elQ],11e?+2€1Q1.12A3+ACQ1,22A3)
—(63(31,1163?-1-283@1,12€g+85Q1,223g)
+(e3Q2,11 63 T 42€3Q. 12€; +65Q2 226?)
—(eaQa 1161 +2e4Q0 12X +e6Q2 29€L )] C1 () ®)
VBSCl f)[elQDfE] *(1*H)€2Q0€2 J¢i(%) ©)
Vo<l (t)[ar(e1Qse] +A4.Qu4AT)
+(1—a)7(e1Qse] +AQeAT)]C (1)

[ BT Q)+ () 2ui )

t—aT
- / (&7 () Q@s(s) +47 (5) Qo ()] ds
t—7 (10)

Also, by Eq.(4) in Lemma 2.1, we can obtain \/3, and V'4 as
follows:

Va=(ar)*n" () T1n(t)+(1—a)?rn" () Uan(t)

car [ ks (1-a)r [ () van(s)is
t—ar t—T (11)
I’:l— r1$ t)Tl-"‘? t)+ rg‘r (t)TZ-"‘}(t)
—71] / (s)T1z(s)dsdf
aTJ t+60

o [ AT () Ty (s)dsdb
2/_7 /Hf (s)Ta(s)ds (12)

and
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s) Tz (s)dsdf<

L

T
[ iozm:(t) j| o |' tafrsc(t) j|
[/t aii(j)ds - |“/t_m;r(s)ds -
yzf / 8)Tha(s)dsdf<
- Juo
(=a)relt) T g, 7,  (melre(o)
!/ x(s)ds] *2—22“2 [] :c(s)cls]
t—r tr (14)

Here, we will consider the time-derivative of V for two
cases, 0<z(t)<arand ar <z(t)<r.
Casel: 0 < 7(t) < ar Wecan get V, as follow

A=C1 () [ PTG +TL P(IT)T] Gy (1) (15)
From Eq.(11), by use of Eq.(5) in Lemma 2.2, we can
get

t

—a'r/ 0t (s)Uyn(s)ds=
T , =)

QT/ n (s)lﬂl?;(s)ds—arf 0 (s)U1n(s)ds
t—7(t) t—

T

t t
T T
—— s)ds¥ / s)ds
T(t /r T(t}n (5) ' t—r(t)n( )
t—7(t) t—7(t) T
ar—( t)_/ n (s}dsll'l—/; n' (s)ds

¢
T T
] s)ds f 1" (s)ds
.A;Tu)n ) [@1‘31 — )

= t—7(t) t—7(t)
/ nT (s)ds * U / nl'(s)ds
t—aT t—eeT (16)

. TR P P
where ®, is the matrix satisfying L* \szo. It
1

should be noted that when z(t) =0or z(t) = ar , we

t t—z(t)
have j x(s)ds =0 or j x(s)ds =0
t—z(t) t

respectively. Thus, Eq.(15) still holds. From (11) and (16),
V, satisfies:
A<cl(1)[(ar)(er Wi 11e] +2e1 Wi 12AT +A. W7 29 AT)
+(1—a)?r%(e1 Wo 116 +2e1Wo 10 AT + A Wy 20 AT)
—egWa 1168 —2eWs 10e3 +2eqWo 19€] —esWs 2oef
U, 0

+2e3Wa g0el —eqWh opel 114 . @1:|(HQ)T]§1W)
1

17)
From (12), (13) and (14), V , satisfies:

Vicl (AT +93T2) AT —(ar)?e  Tie] +2are  Tiek
+2are; Ty eg— e; T e? —2e;Th eg —esTh eg —
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- T*T(tj t—7
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(1—a)?r?
Inspired by the work of [17], the following four zero
equalities with any symmetric matrices N, (i =1,2,3), are

C]_Tzer{—i-?(]—Q)TGITQEg—EgTQEg]QI (f} (18)

considered:

0=a" ()N z(t)—2T (t—7(t)) N1z (t—(t))

-2 t zT (s)Nyi(s)ds
JAECLED

0=xzT (t—7(t))Noa(t—7(t))
—;er(t—aT)NQx(t—a'r)—Q/

tcw

(t T)N3z(t—7)

t—7(t)

2T (s)Nyi(s)ds
0=a' (t—ar) N3z (t—at)—a

t—aTt
—2/ a7 (s)N3i(s)ds
t—7 (19)

By use of Eq.(10) and Eq.(19), we have
(t)lar(e1Qse] +A.Q1AT ) +(1-a)7(e1Qse] +AcQpAT )
-|—€]Nl€jf—€2N1 Cg—I—Cgf\a"geg—egNgegﬂ-l—EQ,Ngeg—Ei4NgCﬂC1 (f)

-[ (t[;f*"(s){ . gjn(snds
t—7(t)
e

-/ [nf(s}[‘* gﬁ‘]n(snds
t—7 & 6 (20)

Then combining Egs.(8)-(9), (15), (17)-(18), (20) vyields
V<Twols@). If o <0 and 0<o(t) <ar,
then V < 0, the system(1) is asymptotically stable.
Casell: ar < 7(t) <7 Wecanget \/'1 as follow
A=CT () [T} P +11, P(IT5) "] ¢ (1) 1)
From Eq.(ll)r,_bc%/Tuse of Eg.(5) in Lemma 2.2, we can get

~(1-a)r [ (s

t—oT
7 () Ugn(s)ds-+ [

t—7

= —(1-a)7|
1 t_ii(ctx)T t—oT

—ﬂ/ ?}T(s)ds\Pg/ n(s)ds
7(t)—ar t—7(t) t—7(t)

o t—7(t) t—7(t)
(1=a)r 7}T(S)dsll'2f nt (s)ds
t—T1

t—7(t)
0" (s)Wan(s)ds]

t—aT T T t—arT -
n' (s)ds f n' (s)ds
< /t-—r(r) Uy Oy t—7(t)

- t—r(t)
* ¥ [ " (s)ds
t—7 (22)

—= t—7(t)
/ 0" (s)ds
t—T
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_ AU B PR C P
where @, is the matrix satisfying L .y JZ 0. It
2

should be noted that when z(t) = ¢z or ¢ (t) =17, we

h t-ar t-7(t) d 0
ave Lir(t)x(s)ds =0 or L x(s)ds = ,

respectively. Thus, Eq.(22) still holds. From (11) and (22),

V, satisfies:

"3§C?(f)[(gf (flu’rl 1151 +9€1H 1.12 4 -+ AW 99 4 )
(1 O‘) T (E’IHO 11€4 +2€1HO 1044 + AW, 22 4 )

—er W1, 11€7 —26’ Wi, 12€] +2£’ Wi, 1285—81“ 1. 226{

Y292\ 27y, 1)

—I—QE’]I{-"]__QQCg—Cg I-I-"’l.ggeg—ﬂg T
s (23)

From (12), (13) and (14), V,, satisfies:
V. <€1 (t )[ (f2T1‘|‘”r2T9]4T (Oz’r)qe]Tlel +2aTelTle?
—(1—a)*r 91T2€"1 +2(1— O)T(E’lToe& +81T2€9)

—CrTlf_".? CSTQES QCSTQCQ—CQTQE’.Q}Ql()

(24)
Inspired by the work of [17], the following four zero
equalities with any symmetric matrices N, (I = 4,5,6), are

considered:
0=2" (t)N,z(t)
t

—2/ 2T ($)Nyi(s)ds
t T
0=z! (t—ar)Nsz(t—at)—=z

t—aT
—2/ 2T (s)Nsa(s)ds
t—7(t)
0=z (¢
t—7(t)
—2 / 2T (s)Ngx(s)ds
t—T
By use of Eq.(10) and Eq.(25), we have
5=C1 (D]or(e1Qze] +A.QuAT)+(1-0)7 (e Qse] +A.QsAT)

r T r T r T r T r T r Ty-
+e1Ngeq —eaNsey +eaNgey —esNyey +e3Nsey —esNeey [Ci (1)

— t 7TSQ3N47<: 5

fum[z ()L QJ )]s
t- 0 N

[ ()[ QJ?}(S)]

t—aT - N,
-/ [nT(sJ[‘fj Qﬂn(snds
t—T 6 (26)

Then combining Eqs.(8)-(9), (21), (23)-(24), (26) yields
V<o) if @ <0 and ar <z(t) <<,

—zT (t—at)Nyz(t—ar)

(t 7(t))Nsz(t—7(1))

—7(t))Nez(t—7(t))—2 T (t—7)Nez(t—7)

(25)

then V < 0, the system(1) is asymptotically stable. Thus,
the proofis completed.
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Remark 3.2: In order to reduce the conservatism, a new
delay-dependent stability criterion is obtained in Theorem
3.1 by constructing a new Lyapunov-Krasovskii functional.

In Eq.(6), V,,V, and V, are constructed by using such an

idea that the whole delay interval [-z,0]is decomposed

into two partitions. We consider the time-varying
delay 7 (t) in each partition, then on each partition we

choose different weighting matrices, which yields less
conservative delay-dependent stability criteria, and that
will be illustrated through the examples in the next section.
Remark 3.3: Recently, the reciprocally convexoptimization
technique was proposed in [15] and [17] to reduce the
conservatism of stability criteria for systems with time-
varying delays. Motivated by this work, the proposed
methods of [15] and [17] were applied to the delay-
decomposition method as shown in Eq. (15) and (20).

In many cases, the information on the delay derivative may
not be available. Considering this case, the following result

can be obtained from Theorem 3.1 by omitting V, .

Corollary 3.4: For given scalars 7 and 0 < o <1, the
system (1) with (2) is asymptotically stable if there exist

positive definite matrices P =[P, 15,5, Q, =[Q,;1,.,,
Qz = [QZ,ij]ZXZ’ ‘{Il = [Vvl,ij]2><2’ \PZ = [WZ,ij]2x2’ zj
Q,(i=3456), any matrices O, =[S, ;],.,

0, =[S,;l,.,, N;(1=123,4,56), with appropriate

dimensions such that the following LMIs hold:

o0 <0, | TF Ok 20 k21,2
x Uy

j\r j\r j\r

Q3 QB >O Qu >O
* Qg

Ny Qs N Ng
Q3 -0, Qu 0.

* Qy * Qg * Qg
where

&Y 11 PIIT 410, P(I1}) T 4 (e1 Q1 1167 4261 Q1 10 AT
+4.Q1.22AT) +(e3Q2 116} +2€3Q5 19€L +e5Qo 90€l)
—(34(92.1163;4-284Q9.12€g+96Q2.22‘—”g)
—|—(oz'r)2(elu"1 118T—|—2£’1H'1 134 +A W, 224 )
+(1—a)?r (elﬂo 1167 —I—2E’1Ho 12 4T+A Wy .90 AT)
—egWa, 11€9 —989“ 2.12€3 —|—2€g” 2,126y —E"gulg "J"Jf’g‘
Uy O
x Uy
+ A (BT +3T)AT —(ar)?eiTiel +2are Ty el
—erTh e?—f—one{—(l—-u)engeg
—erTiel —2e;Tiel —esTiel —(1—a)?72e Tael

+2e3Ws 90eT —e Wi g0eT —I11 ()"

1JCSI
www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Vol. 10, Issue 1, No 3, January 2013

ISSN (Print): 1694-0784 | ISSN (Online): 1694-0814
www.lJCSl.org

+2(1—a)re1Toed —eoThed +at(e1QseT +A,.Q4AT)
+(1_“1)7—(31Q5€?+AcQ6AEHelN1Cr{
—(e3Q1,1162 +2e3Q1 12eL +e5Q1 20T )
—E:QNlez +€2N263 —€3N2€3 +€3N3€3 —€4N364
‘I’(gz)—H%PHg-I-HQP(H%)T‘F(€1Q1,1161 +2e1Q1,12AT
+A:Q1,22AT ) —er Wi 16T —2e7 W g2
+(e3Q2.11€3 +2e3Q2 12ef +e5Q2 92el)
—(eaQa11€] +2€4Q2 12¢f +e6Qa20¢7 )
—I—((‘E’I‘)Q(61I‘Vl__116?—}—261I‘ir’rl__legﬂ—FAC‘[’I’r]__22143)
+(1—a)?r%(esWa.r1e! +2e1Wa 10 AT + A W5 20 AT)
+2e7 W1 12ek —ea Wi agel 4-2e1 Wy a0el —eaWi a0l

v,0 T
—erTief +e1Qoef —(1-u)erQoef —T13 j\;}(ﬂi)
2

+A, (,1T1—|— 2Ty)AT —(ar)?e Tiel +2are, Tiel
—(1—a)?r enger{+2(1 )7 (e Toel +e,Thed)
+ar(e1Qze] +A. QAT ) +(1—a)7(e1Qsel +A.QsAT)
—(€3Q1_.11€3T+2€3Q1,12€E+G5Q1,226g)
—i—elN4er{—EQN,r)eg—i—egNse:{—egN.ieg—l—egNgeg
—€4NﬁeiI—EBTQEg—QQSTQGg—EgTQEE

Proof. The proof of this corollary immediately follows form
Theorem3.1.

When z(t) is constant: z(t) = z , we have the following
theorem.

Theorem3.5 : For given scalars 7 and 0 < o <1, the
system (1) with (2) is asymptotically stable if there exist

positive definite matrices P = [Pij]m, Q= [leij]m,
Q, = [Qz,ij]2><2' Y, = [Wl,ij]2x2' Y, = [W2,ij]2><2' T

Q.(I = 314!5!6)1 N|(I :1,2), with
appropriate dimensions such that the following LMIs hold:

N .’N
B3<0, Qs >0, Qs N2 >0, k=1,2
* (4 * 6

any  matrices

where

3 =114 P(I15) " +115 P(ITH)"
+(e1Qr11eT +2e1Q1 12AL+ A0 Q1 22AL))
+(e2Qa1165 +2€0Q0 12€1 +€4Qo.00€1 )
—(e3Qa.11€5 +2e3Q2 12ef +e5Q0 20¢l)
“_(Q’T)Q(EI.H'II._I1er{"’_ZEI.H/vl._IZA{O_FACO.H/LZZA{{])
—(€2Q1,11€g+262Q1 1264 T4eq0, 2264}

—esWi 1166 T _2esW 126’1 T4 2e6W1 12el

—e1 Wy 206 +‘)€1“‘71 2268 —eaWy g0l

—e7 W 2,11€% —267“"3,1262 —|—267H"g,12€g
—egIng_.gge%ﬂJ—Qeﬂng,ggeg—631-1«"2,2;;6?
+(1—a)?r?(erWa 16l +2e1 W 12 AT 4+ A o W2 22 AL)
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+at(e;Qszel +A4,0Q4AL))+e1 Niel —e;Nyel
—egNael+(1—a)7(e1Q5e] + A0 Q6 AL)
—esTleg—FAco( 2T1+ ‘TQ)AE;J—I—ezNzez
—erThel —(at)?e Tiel +2are;Tyel
—(1—a)?m%e1Thel +2(1—a)Te; Thel

Proof: Let us consider the following candidate for the
appropriate Lyapunov-Krasovskii functional:

6
V=SV
i=1

where
Vi=eT (t)Ps(t),

t t—aT
ng/ ?}T(t)Ql?}(t)ds—l—/ 0T (£)Qan(t)ds,
t—oer -

t—1

0 t
VSZOT/ / n’ (t)Uyn(t)dsdh
e
=) [ [ aywan(eyisao,
—,1/ // & (s)T12(s)dsd\dO
bt
—I—‘“/ // (s)Toa(s)dsd\db,
—T —I—A
ol [ i
_;;‘L‘T t+0
/ / )—l—.rT
-7 +4

i1 (5)Q4:(s)]dsdf

(s)Qesx(s)]dsdb,

~ _(Q:T)2 (1— a]“ 2

From Vl,V2 ,we have thelrtlme-derivatives as:
Vi=2¢T () P£(t)=¢] (t) [T§ P(IT3)T +113 P(TT5)"
ng?}T(t)an(t)—nT(t—a’r)an(t—a’r)
—I—?;T(t—a'r)ﬂg?}(t—oa'r)—-I}T(t—'r)ﬂgn(t—'r)
= (t)[(e1Qu, 1167 +2e1Q1,12A+A00Q1 224%)
—(€2Q1,11854—262@1,126{%-64@1,226:{)
+(e2Q2, 11€g T+2e5Qs, 1284 1 +eaQo, 2264T)
—(e3Q2,11€1 +2€3Qs 10€] +e5Q2 20el )] Co(t) (28)
By Eq.(4) in Lemma 2.1, we can obtain V3 as follows

Va=(a7)’n" (8)Tin(t)+(1—a)*r°n" () Pan(t) (29

—aT/ 'T?T(S}llfln(s)ds—(l—@)’r/; _:?E(S)QQH(SMS

t—aTt —T

<(a1)* " () T1n(t)+(1—a)?r*n" (1) Wan(t)

3 t t—aT t—aT
f-/ -qT(s}ds\I!}/ ?}(s)dsi/ ?]T(s)ds‘llgf nt (s)ds
t—aT t—aT f—1 t—1
=C&n(f)[(07)2(61I'Vl.116?4‘251”"1,1214{04‘141:01";"1,2214?0)

[ Go(t) 27
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+(1—a)?72(e1Wa 1161 —I—‘)\‘31II 21242+ A0Wa 92 AL)
_861-'{-"1_.116?—266“ 1.12€1 Ty 9e,W 1.1283
—e1 W osel +2e1 Wy goel —e, Wy 5oel
—erWo 16l —2e: Wy 19ed +2e- W, 10T
—eaWa 00ed +2e0 W3 00ed —e3Wo 50e3 G (t)
Also we can get V, as follows:
4=“'1~1“ (O)Tha(t)+y3aT (t)Ta(t)

] / s)Tx(s)dsdd
—arJt+0
s)Tya(s)dsdh

=L /
+9 (30)

—11/ / s)Tyx(s)dsdf<
— T J‘—l—g
ta’ro:(t) _Tl T, ta"r:r-(t)
j z(s)ds|| = T4 / z(s)ds
t—oT t—aT

(s)Toz(s)dsdO<

rzj /
+9

(=grat) (1-a)7a(t)
t—or o

f x(s)ds f 2(s)ds
t—1 s

then

Vi< ()[4 (T 442Ty) AL -

~(1—a)’r*eiThe; +2(1-a)rer Toer —erTaer |Go(t) (a1)

—T2 T,
* *Tg

From V, we can obtain

Vs<¢l () [ar (e1QseT +A4.0Q4AT))
+(1—a)7(e1Qsel +4.0Q6 A0 (1)

_ /t_ 27 (s)Qsa(s)+i" (s)Qui(s)]ds
—/ B (27 (5)Qsx(s)+iT (s)Qgi(s)]ds
s (32)

Inspired by the work of [17], the following four zero
equalities with any symmetric matrices N, (i =1,2), are

considered:
O=2T (t)Nya(t)—
t

—2/ 2T (s)N1i(s)ds
t aT

0=z" (t—ar)Noz(t—at)—a" (t—1) Noz(t—T)

t—aT
—2/ zT (s)Nai(s)ds
t—7 (33)

By use of Eq.(32) and Eq.(33), we have

2T (t—aT)N1z(t—ar)
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(a-’r)jelTleT—l—QarelTl Cg_eﬁTICg

Vs<¢o (1) [ar (e1Qael +A0Q4AT)
+(1—a)7(e1Qse] +A,0Qs ALy )+e1 Niel
—ea Ny egﬂ—kegf\rgeg —eaNo eg] Co (t)

-/ [nT(S)ﬁS gjn(snds

-/ __&[??T(s)[% gjn(S)]ds

Then combining Eqs.(27)-(29), (31) and (34) vyields
V<&, ()D,4,1). If @, <0 then V <0, the

system(1) is asymptotically stable, which completes the
proof.

(34)

4. Numerical examples

In this section, we provide two examples to show the less
conservativeness of the proposed new stability criteria in
this paper.

Example 1. Consider the following neutral time-delay
system X(t) = Ax(t) + A x(t —z(t)) with

A | -2 0 | -1 0 |
"o —0.9J'A1_L—1 1]
When 7 < u <1, applying Theorem 31, the

corresponding maximum admissible upper bounds are
given in Table 1 which clearly shows that the effectiveness
of the delay-decomposition approach.

Example 2. Consider the following nominal neutral system
with constant time-delay

|

J)’((t -7)

IR
X© o2 -1

0.9 0.2] 1.1 -0.2]
Jx(t—r)

“lor —oe[ o -1t

For above system, the maximum delay bounds for
asymptotic stability were investigated in [25], [26], [27] and
[16]. From Table 2, it can be seen that the obtained delay
bounds by Theorem 3.5 are larger than those of [25], [26],
[27] and [16].

5. Conclusion

It this paper, new delay-dependent stability criteria for
neutral time-delay systems are proposed. In order to obtain
less conservative results, a new delay-decomposition
method is used to improve the maximum admissible upper
bounds of stability criterion. Numerical examples have been
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given to show that our stability are less conservative than

some existing ones in the literatures.
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Table 1: The maximum admissible upper bounds of time-varying delays with different values of ,, (Examplel)

i 0 0.1 0.5 0.9 unknown

[18] 4.47 3.60 2.00 1.18 -

[13] 4.47 3.60 2.00 1.18 -

[19] 4.47 3.60 2.00 1.18 -

[20] 4.47 3.60 2.04 1.37 -

[21] 4.47 3.66 2.33 1.87 -

[22] 5.55 4.41 2.40 2.12 2.12
Theorem3.1 | (, >0l )| (a s ) | (« o ) | (« 3'202.51) (« 3'202.51)

Table 2: The maximum admissble upper bounds of constant time delays (Example2)
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Method T
[25] 1.8037
[26] 1.9132
[27] 2.0054
[16] 2.1046

Theorem 3.5 az'j‘é‘g
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