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Abstract: This Paper deals with the problem of exponential stability for a class of uncertain Lur'e systems of
neutral with interval time-varying delay and sector-bounded nonlinearily. The interval time-varying delay function
is not assumed to be differentiable. We analyze the global exponential stability for uncertain neutral and Lur'e
dynamical systems with some sector conditions. By constructing a set of improved Lyapunov-Krasovskii func-
tional and Utilizing Wirtinger-based integral inequality combined with Leibniz-Newton’s formula, We establish
some new stability criteria in terms of linear matrix inequalities. Numerical examples are given to illustrate the
effectiveness of the results. The results in this article generalize and improve the corresponding results of the recen
works.
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1 Introduction tral type [14], and robust stability criteria for a class of

i Lur'e systems with interval time-varying delay [10].
In many practical systems, models of system are ,yever, it is worth pointing out that, even though

described by neutral differential equations, in which heqe results above were elegant, there still exist some
the models depend on the delays of state and state ,ints wajting for the improvement. Firstly, most of

derivatives. Heat exchanges, distributed networks the work above the time-varying delay are required to
containing lossless transmission lines, and population e gifferentiable. In fact, the constraint on the deriva-
ecology are examples of neutral systems. Because Of e of the time-varying delay is not required which al-
its wider .appllcatlon,. therefore, several researchers |, s the time-delay to be a fast time-varying function.
have studied neutral time delay systems, see [1-4] and ggcongly, in most studies on the asymptotic stability
references cited therein. of Lur'e dynamical systems still need to be improved

. . e to the exponential stability.
It is known that exponential stability is more fa-

vorite property than asymptotic stability since it gives
a faster convergence rate to the equilibrium point, the

Based on the above discussions, we consider the
problem of robust stability for a class of uncertain

decay rates (i.e., convergent rates) are important in-
dices of practical system, and the exponential stabil-
ity analysis of time-delay systems has been a popu-
lar topic in the past decades; see, for example,[4,6,11]
and their references. In [11], delay-dependent expo-
nential stability for uncertain linear systems with in-
terval time-varying delays.

Recently, there are many research study on the
asymptotic stability of a class of neutral and Lur'e
dynamical systems with time delay,see,for example,
[10,13,14,16]. The problems have been dealt with sta-
bility analysis for neutral systems with mixed delay
and sector-bounded nonlinearity [9], robust absolute
stability criteria for uncertain Lur'e systems of neu-
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neutral and Lur'e dynamical systems with sector-
bounded nonlinearity The time delay is a continuous
function belonging to a given interval, which means

that the lower and upper bounded for the time vary-
ing delay are available, but the delay function is not
necessary to be differentiable. To the best of the au-
thors knowledge, there were no results for uncertain
neutral and Lur'e dynamical systems with some sec-
tor condition [13,14,16]. Based on the construction
of improved Lyapuno-Krasovskii functional and Uti-

lizing seuret and Gouaisbaut, 2013 [5] combined with
Leibniz-Newton’s formula and the integral terms, new

delay dependent sufficient conditions for the uncertain
neutral and Lur'e dynamical of system are established
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of LMIs. The new stability condition is much less

conservative and more general than some existing re-

sults. Numerical examples are given to illustrate the
effectiveness of our theoretical results.

2 Problem statements and prelimi-
naries

The following notation will be used in this paper:
R* denotes the set of all real nonnegative numbers;
R™ denotes the n-dimensional space and the vector
norm || - ||; M™*" denotes the Space of all matrices
of (n x r)-dimensions. AT denotes the transpose
of matrix A; A is symmetric ifA = AT; I denotes
the identity matrix; A(A) denotes the set of all
eigenvalues ofd; A4 (A) = maz{ ReX € A(A)}.

v = {xt+s) s € [ — hO]}|x

SUD [ o] |z(t + s)||; C([ 0,t], R") denotes the

set of all R™-valued continuous functions on [0,t];
Matrix A is called semipositive definit¢ A > 0)

if z7Az > 0, for all z € R™; a is positive definite
(A>0)if z7Az > 0forallx # 0; A > B means
A — B > 0; diag(cy, ¢, ..., ¢, ) denotes block diago-
nal matrix with diagonal elements,i = 1,2,...,m
The Symmetric term in a matrix is denoted by*

Consider the following uncertain Lur'e system of
neutral type with interval time-varying delays delays
and sector-bounded nonlinearity:

o(t) — Ca(t —n(t) = (A+AA(L))x(t)
+(A1 + AAy (t)z(t — h(t))
+(B+AB(t))f(o(1)),

o(t) = H ' z(t) = [h1, ha, ..., hy] T z(t), VYt >0,
z(t+s)=o(t+s), (t+s)=e(+s),
s € [-m,0], m = max{ ha,n} 1)

wherez(t) € R™ is the state vectory(t) € R™ the
output vector;A € R™*" B € R™™*™, C € R"*",
A; € RY" H ¢ R™™ are constant known ma-
trices; f(o(t)) € R™ is the nonlinear function in the
feedback path, which is denoted Aor simplicity in
the sequel. Its form is formulated as

fFe®) = [filor®) fa(oa(t) - fm(om@)]T,
o(t) = [o1(t) oa(t) ... o(t)]"
= (W 2(t) WYa(t) ... KL (b))

wheref;(o(t)),i = 1,2, ...,
following sector condition:

Jiloi(t) € Ko = { filou() | £i(0) = 0,

m satisfies any one of the
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0 < oi(Ofiloi(t)) < ks 0i(t) £0) ()

fi(010)) € Kppoo) = {ilos) | £i(0) =0, (3)

0 < 0i(t) fi(0s(t)) > 0,04(t) # o}.

AA(t),AB(t), and AA(t) are time-varying un-
certainties of appropriate dimensions, which are
assumed to be of the following form:

[AA(t) AB(t) AA(t)] = DF(t)[Ey Ez B3], (4)
where D, F1, Ey, and E5 are known matrices of

appropriate dimension, and the time-varying matrix
F(t) satisfies

FT(t)F(t) <1, vt >0. (5)

The delaysi(t) and(t) are time-varying continuous
function that satisfy

0 < hy <h(t) < hg, 0<n(t) <n, n(t) <na < 1.

(6)
We introduce the following technical well-known
propositions and definition, which will be used in the
proof of our results.

Definition 1. If there existy > 0 and« () > 0 such
that
=) < ¥(y)e™™, vt > 0.

system (1) is said to be exponentially stable at the
equilibrium point, wherey is called the degree of ex-
ponential stability.

Lemma 2. (Cauchy inequality,[2]). For any symmet-
ric positive definite matrixv € M™*" andz,y € R™
we have

+227y < 2T Nz +yT N7y,
Lemma 3. (Schur complement lemma, [2]). Given
constant symmetric matricek, Y, Z with appropri-
ate dimensions satisfyingk = X7,Y = Y7 > 0.
ThenX + ZTY—1Z < 0if and only if

X zr -Y Z

<Z _Y><00’I”<ZT X><O. (7)
Lemma 4. (Seuret - Gouaisbaut, 2013). For a given
matrix R > 0, the following inequality hold for any
continuously differentiable functian : [a, b] — R™

b
1
/ w(u)du > r(rTer + 3T RT,)

where
I = w() —w(a), .
Iy = w(b) + w(a) — 3% [ w(u)du.
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3 Main results

Now we present a new delay-dependent condition for
the uncertain system (1) satisfying the sector condi-

tions (2).

Assumption 5. All the eigenvalues of matrix C are

inside the unit circle.

Theorem 6. Under Assumption 5, givenn > 0.

The system (1) satisfying the sector condition (2) is
a—exponentially stabilizable if there exist symmet-

ric positive definite matrices®?, Q, R, U, F, L
symmetric positive semidefinite matrices

diag(z1, 22, ..., 2m) and

J

. - diag(jlmj?a"' i
scalarse > 0 matricesN;;¢ = 1,2, 3 of appropriate

dimensions such that the following LMIs hold:

My =M+ M7 <0,

My =M+ Mj <0,

[ 11 P12 P13
*  da2 P23
* * ¢33
* * *
* * *
* * *
M = * * *
* * *
* * *
* * *
* * *
| * * *
?19 Q110
0 0
@39 0
0 a0
0 0
0 0
0 0
0 0
¢99 0
x Q110
* *
* *
where

¢11 =2aP +2PA42Q —e
+eB1Ey, 13 = —e 20M2R ¢y =

$14
¢24
0

P44

*

* X ¥ X ¥ X ¥

$211
0
®

11

4
0
0
0
0
0
0

®111

*

¢15

P25
0
0

@55

*
*
*
*
*
*
*

0
$212

312

(el el NN

0
$112

—2ah; _

¢16
D26

¢56
P66

* X ¥ X%

17
P27

@57
P67
o717

* % ¥

¢18

P28
0
0

¢58

P68
0

¢ss

*

*
*
*

e 20h2 R
—e20h2 2R,

 Jm)

(8)
(9)

¢120=PA + sNTA+ INTA+ INTA+ cE\ Es,
¢15=PB+LiHKJ+ ZHTA+ NI A+ INTA

+5N{ A+ €E\Ey, ¢17 = PC, ¢15= PD,

¢pr6 =LA+ $HKJ+ZHTA+ INTA+INTA

+3NTA, ¢rg =

—e 2MEGR, $119 =

— e 2ahs 2R,

pop = —e 202U — e~ 2h24U + LHK J + ZHT A

+3NT A+ INJA+ INJ A+ eE3Es,
o3 = —€ 2M, oy = —e

—2aht 2U!

o5 = ZHT Ay + sHKJ + ZHT A+ NI A,
+iNJ A1+ iNJA + 1HKJ + ZH"B+ 3N{ B
+3NIB + iNI B+ 61 E3Es, ¢o11 =
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¢po6 = LA; — $N{ — NI — INT + INT A4
+iINT A + INT Ay, dorp = —e22h26U,

¢o1 = NI C + §NJC+ 3NJC, ¢39 = €M 6R,
¢28 = NI D+ $NJ'D + §N{ D, p312 = €2*"26U,
¢33 — _67201th _ €204h1 4R — eQah24U’

Pag = —e 22 Q — 4R — AU — (1 - B)U,

G410 = €2*M26R, 411 = €260,

¢55 =2ZHTB—J+ANIB+iNIB+iNIB
+eEy B, ¢56 = LB — §N{ — §NJ — NI
+3N{ B+ $N§ B+ 3N{ B, ¢e=LD,

¢s7 =2ZHTC + INTC+ INJC + iNTC,

¢ss =2ZH'D + AN D+ INI'D + INTD,

pe6 = W R+h3R+(ha—h1)?U+F—2L—N{ — NI
—N{, ¢o7=LC + N[ + NI + $NT,

b7 = —e 21 —ng)F, ¢gg = —el,

pog = —€**M12R, ¢1010 = —€**?12R,

prin = —€2M212U,  ¢ia19 = —*M2120,

0 0 0 0 00 0 0 0 O0O0 O
¥ ¢22 ¢g23 0 0 0 0 0 0 0 0 ¢or2
x % ¢33 0 0 0 0 0 0 0 0 ¢s12
* * * o 0 0 0 0 O 0 O 0
* * * * 0 0 OO O 0 O 0
* * * * * * 0 0 0 0 0 O 0
Ml - * * * * % % 0 0 0 0 O 0
* * * * x x x 0 0 0 O 0
* * * * % x x x 0 0 O 0
* * * * % x *x x *x 0 0 0
* * * * ok ok x *x % % 0 0
L = * * * % % % %k ok k1212
where ¢ = —e224U, o3 = —e**"22U,
— 2ah 2 h —
parz = —€*M26U, ¢33 = —e*"22U, @312 =

—62ah26U (b1212 —62ah2 12U

0 0 0 0 0 0 0 0 0 O 0 0
¥ ¢22 0 ¢24 0 O O O O O 211 O
* * 0 0 0 0 0 0 0 O 0 0
£ % 4« g 0 0 0 0 O O dax O
* * * * 0O 0 0 0 O O 0 0
* * * * * 0 0 0 O O 0 0
M; = * * * * * % 0 0 0 O 0 0
* * * * * x x 0 0 O 0 0
* * * * * *x * *x 0 0 0 0
* * * * * x x *x x 0 0 0
* * * * * ok ok ok k% 0 0
* * * * k% ok ok ok %k ¢31111 0
L * * * * * ok ox ok ok ok * 0
where

pag = —e?M24U, €£24 —eh2y,
b1t = —e2MIGU,  Gyy = —e2h24U)
Pa11 = —e2h26U, ¢y = —e2M212U.
The solutionz(¢) of the system satisfies,

o)) < \/GH¢||2+5HM1||2+CHM2H2 10)

Am(P)

wherea = Ay

(P) 4 2haAm(R) + hoAy(U) +
2)\M(HZKHT) b = 2\

22m(Q)(1 — e7%"2) /20 +
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2ho (1 — e 2%hg)/20) + hodpy(U)((1 —

e~2eh2 /20),  and ¢ = Av(F) (1 —

e /2a), [Mi]| = sup_a(s)], [IMe] =
—m<s<0

sup_|[|z(s)|[.

—m<s<0

Proof. Using (
resented as

i(t) = Ax(t )
+Ci(t —n(t)) + Dp(t)
p(t) = F)(Erx(t) + EBaf (o(t

2), the uncertain system (1) can be rep-

)+ Avz(t = h(t)) + Bf (o(1))

) + Esx(t — h(t))),

o(t) = HTz(t)=[hi hy - hp) 2(t),Vt >0,
xz(s) = ¢(s), s € [-max(ha,n),0]. (11)
We consider the following Lyapunov-Krasovskii
functional
8
V(z(t) =>V; (12)
i=1
where
Vi(z(t)) = e’ (t)Px(t),
Vo(z(t)) = /t_h e2asxT(s)Qm(s)ds
Via) = [T (s)Qe(os
0 t

x = 2T ()R (7)drds

Va(a(t)) hl/_hl/m (7)Ri(r)drds,
0 t

x = e*** 3T (1)Ri(7)drds
Va(a(t)) hz/h2/+s VR (r)drds,

€T — _ 2as T i(7)drds,
Ve(x(t)) (ha — h1) / /+S Ui(r)drd
) = [ iR

t—mn¢

T — ‘€2at " (0)do;.

Va(a() 2292‘Af<m

Taking the de

rivative ol/(x;) along the solution of

system (11), we have

Vi(z(t) =

Va(a(t)) =

Vs(z(t) =

202tz (1) Px(t) 4 2e2°t 2T (t) P (t)
e22azT (t)Px(t) + 227 (t) P(Az(t)

+A1z(t — h(t)) + Bf(o(t))

+Ci(t —n(t)) + Dp(t))],

2T () Qu(t) — em20h " (t—hy)
xQu(t — ha)],

20 2T (1) Qu(t) — e 225" (t — hy)
xQu(t — ha)],
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Va(z(t)) = e*[h2i(t)Ri(t) — hie 2eM
t 2T (s)Ri(s)ds
< [ @ Ra(s)as]
Vs(z(t)) = e**[h2a(t)Ri(t) — hoe 2he
t 2T (s)Ri(s)ds
<[ e R 13)

Vo(x(t)) = e[(ha — )*i(t)U(t)
t—h1

—(hy — hy)e2ohz /t i1 (s)Ui(s)ds],

—h,
Va(a(t)) = e[ET (OFa(t) — e 2(1 —na)

@l (t —n(t)) Fat —n(1))),
m a;(t)

€2at[22 /\ie%‘t(2a/ fi(Ui)dO'i
i=1 0

+filoi(t))o4(t))],

e afT(a(t) Zo(t) + 217 (a(t) Zo ()],
e daf" (o(t)) ZHa(t) + 21" (a(t))
x ZH (1)),

2“t[4afT(0<(t))ZHw( )
+2f")(o(t))ZH" x (Ax(t)
+Ay2(t — h(t)) + Bf(o(t))

+Ci(t —n(t)) + Dp(t))]-

Vs (1))

IAIA

~—

Applying the Seuret and Gouaisbaut, 2013, we have

— t T (s)Ri(s)ds
m [ @R
< —(x(t) —z(t — k)T R(x(t) — x(t — hy)
2 ! T
K R(x(t) + 2(t — hy) — ﬁ /tih 2(5)ds)]
< —4aT(t)Rx(t) — 22T (t)Ra(t — hy) — 227 (t — hy)
x Rx(t) — 4z (t — hy)Ra(t — hy) + 27 (t)
x% . z(s)ds + 2 (t — hl)% /t . x(s)ds
6 [t
+h—1 . xT(s)dsRx(t)
6 [t
+h—1 . 27 (s)dsRa(t — hy)
6 [ 2R
ny (s )dsh—1 . x(s)ds, (14)
— t &7 (s)Ri:(s)ds
e [ 4 (@) Ri(s)a
< —[(a(t) = x(t = ha)) " R(x(t) — 2(t — h2))

+3((x(t) + z(t — he) — ﬁ /t . z(s)ds)T
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IN

9 ¢
e EC)
—4zT (t)Rx(t) — 22T (t)Ra(t — hy) — 227 (t — hy)
X Rx(t) — 42T (t — ho) Rz (t — hy) + x7 (t)

XR(x(t) + x(t — ha) —

t t
X 6ft z(s)ds + zT (t — hg)@ / x(s)ds
h2 t—ho h2 t—ho
6 t
+— z7(s)dsRx(t)
ha Ji—h,
6 t
+—/ 27 (s)dsRa(t — ha)
ha Ji—n,
6 [° 2R [*
- 2T (s)ds=— x(s)ds (15)
h2 t—ho h2 t—ho
Note that

Using

IN

IN

ISSN: 2367-8917

Il
|
>
[V}
I
>
[
~
\T‘
>
=
8
~
w
~
-
=
V)
~
QU
Va)

I

|
>

[ V]

|
>
—
N
~

_(h(t) — hy) /t o FEs)ds

t—hq

~(hs — h(t)) / T (5) Ui (5)ds.

t—h(t)
the Seuret - Gouaisbaut, 2013 gives

t—h(t)

~(hs — (1) / T (5)Ui(s)ds

t—ho
[(z(t = h(t)) — 2(t — ha)) U (2(t — h(t))
—x(t — h2)) + 3((x(t — h(t)) + z(t — ha)

t—h(t)
S L, T U ()

9 t—h(t)
Eﬁﬁﬁﬂﬂnm £(s)ds)

— 42T (t — h(t))Uz(t — h(t)) — 22T (t — h(t))
xUx(t — hg) — 227 (t — ho)Ux(t — h(t))
— 42T (t — ho)Uz(t — hy))

t—h(t)
h(t)) hgﬁivivl(t) /th2 x(s)ds)

6U t—h(t)
7}12 —h /t_h2 z(s)ds)

t—h(t)
+;12_Lh(t) /f_h 2" (s)ds)Ux(t — h(t))

—a(t — hy) —

+aT(t -

42T (t — ha)

185
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6 t—h(t) -
+m /t_h2 X (S)dS)UZ‘(t — hg)

6 t—h(t) .
_7112—11(75) /th2 x* (s)ds)

2U t—h(t)
S d
2 — h(2) /t_h2 #(s)ds),

—(h(t) — hy
(h(t) >j%m

[((t — ha) — 2t — h(#)TU (x(t — ha)

—z(t —h(t)) +3((x(t — h1) + z(t — h(t))

2 t—hy .
- /t g P Ul )

2 t—hq
hu»—ﬁajﬁilhmx@mm

—4xT(t — h))Uz(t — hy) — 227 (t — hy)
xUx(t — h(t)) — 227 (t — h(t))Uz(t — hy)
—4zT(t — h(t))Uz(t — h(t)))

t—hq
6U / z(s)ds)
t—h(t)

h(t) — ha
t—h1
/ z(s)ds)
t—h(t)

6U
6 t*hl T
+7/ z (s)ds)Ux(t — h
h(t) —h th(t) ( ) ) ( 1)

t—hq

T (s)Ui(s)ds

IN

—x(t —

IN

~—

‘HET(t — hl)

ot (t - h(t))ih(t) —

6 t—hy -
50 =T /th(t)x (s)ds)Uz(t — h(t))

6 t*hl T
—_ x' (s)ds
h(t) — ha /th(t) (s)ds)

2 t—hq
v / x(s)ds).
t—h(t)

h(t) — hy
Let3 = (he — h(t))/(h2 — h1) <1, we get

t—hq

—(hg — h(t)) / T (s)U(s)ds

t—h(t)
t—h1

(hg — hy)2T (s)Ui(s)ds
t—h(t)

t—hi

- h(t) — hy)i" (s)Ui(s)ds

8 (O~ BT U

~Bllalt — hn) = ot — h()TU ot — )

—x(t —h(t))) +3((z(t — h1) +2(t — h(t))
) t—h1

h(t) = h1 Ji—n@

2 t—hq
hu»—ﬁajﬁilwwx@mm

Bl—4xT (t — h)Ux(t — hy) — 227 (t — hy)
Uz(t — h(t)) — 22T (t — h(t))Uz(t — hy)

= -8

IN

IN

z(s)ds)TU (x(t — hy)

+az(t —

IN
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—4xT(t — h(t))Uz(t — h(t))

6U t=ha
+2T(t—h 7/ x(s)ds
( 1)h(t) —h Jihe (#)

t—hy
+a2T(t - h(t))% /t_h(t) x(s)ds

6 t—hq -
+— T
h(t) — b /t—h(t)

6 t—hq
it
h( ) hy t—h( t)
6 t—hq T
—(——— z* (s)ds
(h(t) —h /th(t) ()ds)

O A
X (m /t x(s)ds], (18)

—h(t)

(s)dsUz(t — hy)

2T (s)dsUz(t — h(t))

t—h(t)
—(h(t) — hl)/t T (s)Ui(s)ds

—ho

t—h(t)
~ (-8 /f (ho — h1)iT () Ui (s)ds

t—ho

t—h(t)
< —(1-58) /HL (hy — h(t))aT (s)Ui(s)ds
< (1= Bl — he) (e~ b))

xU(x(t — h(t)) — x(t — h2)) + 3((z(t — h(t))

t—h(t)
+x(t — he) — }Q%h(t)/t—}u z(s)ds)T

< U(x(t — h(t) + z(t — hy)

9 t—h(t)
T /ch 2(s)ds)]

(1= B)[—4a" (t — h(t))Ux(t — h(t))
=227 (t — h(t))Ux(t — ho) — 227 (t — hy)
Uz(t — h(t)) — 42T (t — ho)Ux(t — ho)

t—h(t)
+27(t - h(t))hgﬁi[]h(t) /thz x(s)ds

6U tfh(t)
S d
h2_Mﬂ[ﬁm ols)ds

6 t—h(t) .
T N / .
hy — h(t) t—ho

6 h)
b x
ha — h(t) /thg

6 t—h(t)
VST /t_hz 7 (5)ds)

o t—h(t)
X (m /thz x(s)ds]. (19)

IN

+$T(t — hg)
(s)dsUx(t — h(t))

(s)dsUx(t — hg)

Therefore from (16)-(19), we obtain

t—hq
~(hs — ha) /t T (5)Ui(s)ds

—ho
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—4zT(t -

XUZ‘(t — hg) — 2$T(t — hg)

—4zT(t — ho))U(t — ha)
t—h(t)

+a2T(t - h(t))hgii[]h(t) /f x(s)ds)

t—ho

h(t)Uz(t — h(t)) — 227 (t — h(t))
Uz(t — h(t))

IN

6U t h(t)
T — —_—
2T hg)hrh(t)/t ()

6 =h(e)
o x
ha — h(t) /thg
6 t—h(t) T
b x
ha — h(t) /t—h2
6 t—h(t)
—7}12 Ty / . xT(s)ds)
t—ho

2U t—h(t)
—_— d
X 7o = D) /t_h2 x(s)ds)

—42T(t — h))Uz(t — hy)
—22T(t — hy)Uz(t — h(t))
=227 (t — h(t))Uz(t — hy)
—42T(t — h(t))Uz(t — h(t)))

6U /t—’“
—_— x(s)ds
h(t) = h1 Ji—n (s)ds)

T (t — h(t _sv t hlxsds
() [ )

6 t—hq -
+— x
h(t) — b1 /t—h(t)

6 t—hq
|
h( ) hy t—h( t)
6 /t h1
e re—— s)ds
h( ) hy t—h( t) ( ) )

o2U t=h
Xm/t "))

+8[—42™ (t — h1)Ux(t — hy) — 227 (t — hy)
Uz(t — h(t)) — 227 (t — h(t))Ux(t — hy)
—4zT(t — h(t))Uz(t — h(t))

6U t=ha
+2T(t—h 7/ x(s)ds
( 1)h(t) —h1 Ji—n (s)

2T (t—h L o o(s)ds
+2T (¢t (t))h(t)—hl /t_h(t) o

6 t*hl
]
h( ) hy t—h( t)
6 t— h1
it
h( ) hy t—h( t)
6 t h1 T
—(——— z* (s)ds
G- hllhw )

2U t=hy
. h(t) — b1 /th(t) #(s))d]

(s)ds)Ux(t — h(t))

(s)ds)Ux(t — hz)

—+x (t — hl)

(s)ds)Ux(t — hq)

2T (s)ds)Ux(t — h(t))

2T (s)dsUz(t — hy)

2T (s)dsUz(t — h(t))
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+(1 = B)[—4xT (t — h(t))Ux(t — h(t))

=227 (t — h(t))Uz(t — ho) — 227 (t — hy)
Uz(t — h(t)) — 42T (t — ho)Ux(t — hy)
t—h(t)
(- h(t))hQL;(t) /H 2(s)ds
t—h(t)
+a2T(t - hz)hggivlvl(t) /t_h x(s)ds

6 t—h(t) -

6 t—h(t) T
b [
h2 - h/(t) t—ho

6 t-h()
_(r—h(t) /t_h2 x' (s)ds)

(s)dsUz(t — hg)

G | t:t) r(s)ds]. (20)
We add the following zero equation:
26T ()N [Az(t) + Ayx(t — h(t)) + Bf(a(t))
+Ci(t —n(t) + Dp(t) — " (1)) =0,  (21)
where N = [N{ NI NIT, ¢it) = [T (t —

h(t)) ff(o(t))(t))T and by using the identity rela-
tion
—i(t) + Ax(t) + A1(t — h(t)) + Bf(o(t))
+Cz(t —n(t)) + Dp(t) =0,

we have

—23T(t)La(t) + 227 (t) LAx(2) (22)
+22T (H) LA 2(t — h(t)) + 227 (t) LBf(o(t))
+237 () LCi(t — n(t)) + 237 (t)LDp(t) = 0.

~

For system (3) with nonlinearity located in the sec-
tors [0,k;](j = 1,2,...,m), if there existsJ =
diag(j1, j2,....5,. ), then we have

jifioi)kih] x(t) — fi(o:)] >0,

which is equivalent to

i=1,2,...m

e (HK T f(a(t)) = [T (o) I f(a(t)) > 0. (23)
Similarly, for anye > 0, we have
—ep” ()p(t) + e(Bra(t) + B2 f(o(t))
+Esa(t — h(t))" (Erx(t) + Exf(o(t)) (24)

By (t — h(t))) > 0.

Hence, according to (13)-(20) and by adding the zero term
(21)-(22) and (23)-(24), we get

V(a(t) < {7 (1)[(1 — BJM1 + BMJE(1)}
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where M, and M, defined as in (8) and (9), re-

spectively, andé(t) = [z(t) z(t — h(¥)) z(t —

hl) (t = ha) f(o(t)) i(t) '(t — () ()
ft hy T(s)ds 7 ft ha e z(s)ds

)ds ho— h(t) t—ho
t h
OE f n(n T(s)ds]. by (1 — B)My + BMy < 0
For

hold if and only |f M1 < 0 and My < 0.
showing the convergence rate, we havéz(t)) < 0,
and thenV(z(t)) < V(x(0)). However, V(z(t)) >
e2otaxT (t)Px(t) > €2\, (t)P||z(t)|%. Then, form Defi-
nition 1 we conclude that the equilibrium point is globally
exponentially stable. This completes the proof. O

Remark 7. The following stability criteria are pre-
sented for finite and infinite sector conditions, for sys-
tems without uncertainties.

Corollary 8. Under Assumption 5, given > 0.
The system (1) without uncertainties satisfying the
sector condition (3) isa-exponentially stabilizable

if there exist symmetric positive definite matrices
P Q, R, U, F, L symmetric positive semidefi-
nite matricesZ = diag(z1,22,...,2m) and J
diag((j1,j2 .-, Jm); Matrices N;;i = 1,2,3 of ap-
propriate dimension such that the foIIowngMIs
holds:

Mip =M+ Mj >0, (25)
Mo =M+ M >0, (26)
®11 P12 P13 P1a P15 P dr7
¥ Doy a3 oy Pas Pog P27
* * @33 0 0 0 0
* * ¥ Dy 0 0 0
* * * x P55 o556 P57
M=| x x % *x x e P67
* * * * * * o771
* k k * * k k
k k k k k k k
* k k * * k k
k k k k k k k
P15 P19 0 0 ]
0 0 @29 Pony
P33 0 0  P3n
0 @y9 Py10 O
0 0 0 0
o 0o o o |,
0 0 0 0
Pgg O 0 0
* ‘1399 0 0
* * @110 0
* * * (1)111
where
P = 20P + 2PA 4+ 2Q — e 20h1 _ g20h2y R
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o =PA + sNTA+INTA+ INTA,

®15 = PB+3HKJ+ ZH"A+ N A+ 5NJ A
+3NTA, 15 =—e 22M6R, P19 = —e 2M6R,
Bgy = —e 224U — e720M24U + THK T+ ZHT A
+INTA+ INTA+ INTA, @y = ZHT A, +
THKJ+

ZHT A+ 5N{ A1+ 5NJ A1+ 5N Ar+ s HK T +
ZHTB

+35N{ B+ 3NJ B+ NI B, @319 =—€>"26U,
Bo1p = —e2M26U, B33 = e2*M26R,
€2ah26U,

‘1349 = 62&h26R, ‘13410 = 62ah26U,

®s55 =2ZHTB— J+ 3N B+ NI B+ ;NI B,
(I)gg = —€2ah1 12R, (I)gg = _e2ah2 12R,

D110 = —€22120, ®y1qy = —e?*M2120.

P31 =

Corollary 9. Under Assumption 5, the system (1)
without uncertainties satisfying the sector condition
(3) is asymptotically stable if there exist symmet-
ric positive definite matrices®?, Q, R, U, F, L
symmetric positive semidefinite matricds =
diag(z1, 22, ..., 2m) @and J = diag((j1,72, - jm);
matrices N;;i = 1,2,3 of appropriate dimension
such that the followind. M s holds:

My = M+ M >0, 27)
My =M+ M35 >0, (28)
D11 P12 P13 P14 wis P16 Pir
x  ®og a3 P Pos P Por
* * (1333 0 0 0 0
* * * Dy 0 0 0
* * * *  Wss P56 Ost
M=| x x x *x x e 67
* * * * * *  Or7
* k k * * k k
k k k k * k k
k k k k k k k
* k k * * k k
g g 0O 0 ]
0 0 P20 Ponn
P33 0 0 P31
0 Py Pg10 O
0 0 0 0
o 0o o o |,
0 0 0 0
Pgg O 0 0
* ‘1399 0 0
* * (I)HQ 0
* * * @111
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where

wis = PB+tHJ+ ZHTA+ INTA+ INTA
+3NT A,

wss =2ZH'B +iNTB+iNIB+ iNIB.

4 Numerical Example

In this section, we provide numerical examples to
show the the effectiveness of our theoretical results.
Example 4.1. Consider the following nominal Lur'e
system with time-varying delays which is studied in :

B(t) — Cilt —n(t)) = Az(t) + Aya(t — h(t)

+Bf(o(t))
o(t) = HTx(t) = [h, ho] z(t),

vt >0,

where

—2 0.5 1 04
A:[ 0 —1}’ Al:[0.4 —1}’
—0.5 02 0.1 0.2
B:{—o.%]’ 02[0.1 0.2}’ H:[O.G}

Solution. From the conditions (8) and (9) of Theo-
rem 6, weleta = 0.01, hy = 0.1,hy = 04, t =
0.8, n = 0.1, and K = 0.5. By using theLMIs
Tool-box inM AT LAB, we obtaine = 90.4781,

po [ 19788 —1338] [ 14444 2146
T 1339 3417 |07 | —2.146 3859 |’
R [9006 0343 7 [ 0330 -L.725

— 0343 11791 [°7 T | 1725 9.010 |’
o [ L1183 0511) [ 1062 0339

~ 0511 0965 ' | 0339 0.640 |’

;[ 0186 0 5 [ 34412 0
- 0 139.706 |7 0 77241 |’
~2.195 0.153
Nl_[—o.om 8.241}’
N | 199141 14.002
271 215.095 —50.721 |’
N, _ | —172.333 —19.683
37| 12910  68.330

Give comparison of maximum allowable value /of

for obtained in Corollary 8 with nonlinearity satisfy-
ing (2), wherek = 100 and Corollary 9 with nonlin-
earity satisfying (2), respectively. We see that, when
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hi1 = 0 the maximum allowable bounds fér, ob-
tained from Corollaries 8 and 9 are much better than
those obtained in [8, 9, 17]. The results obtained in [8,
9] may not be used for the case whien# 0. More-
over, the differentiability of the time delay(t) is not
required in Corollaries 8 and 9.

Example 4.2.Consider the following uncertain Lur'e
system with interval time-varying delays with the fol-
lowing parameters :

(t) — Ca(t —n(t)) = (A+ AA(t))x(t)
+(A1 + AA(t)x(t — h(t)) + (B + AB(t)) f(o(t))

where
A:[_02 —0(')?9}"41:[:1 —01}’
B:{:gig}’cz[oﬁ 0(.)2}’H:[8:§]’
DZEl:E?’{O(')l 091]’ Ez:[o(')l}

Solution. From the conditions (8) and (9) of Theo-
rem 6, we leta = 0.01, hy = 0.1,hy = 04, t =
0.8, ng = 0.2, n = 0.1, and K = 0.5. By us-
ing the LM Is Tool-box in MATLAB, we obtain

e =19.7170,

p_ [ 2949 —108T7 [ 0724 0170

T -1.087 1762 |77 | —0.170 4.449 |’
p_ [ 10830 —0.0277 . [0.158 —1.T710

~ | —0927 6855 |’ | 1710 7.854 |’
o[ 0108 —00597 . [ 0100 —0.063

~ | —0063 0170 |'7 " | —0.063 0.170 |’

0.018 0

6.210 0
J‘[ 0 68.320}’2_[ 0

1.435

|\

—343.448 —223.977 ]

|\

3.376
1.054

—0.054

N = [ 1.788

349.530
194.921

223.699

N = { 108.959

—193.6564 —107.171

Thus, the system (1), is 0.4-exponentially stabilizable.
Givena > 0, we will give the values of the maximum
allowable upper bounds of the uncertain Lur'e system
with interval time-varying delay (6) for differenag;

of the delay for different decay rat@sl < o < 0.4.
From Theorem 6, we obtain the maximum allowable

|
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upper bound of the time-varyink,, as shown in Ta-
ble 3.

Table 3. Maximum allowable upper bounds of the
uncertain Lur'e system with interval time-varying de-
lay (6) for different values of thg,; and decay

Nd = 0.2 Nd = 0.4 Nd = 0.6 Nd = 0.8
a=0.1 0.6400 0.6360 0.6300 0.6150
a=0.2 0.6200 0.6170 0.6120 0.6100
a=03 0.5950 0.5930 0.5900 0.5800
a=04 05710 0.5700 0.5670 0.5600

5 Conclusion

In this paper, we have investigated robust exponential
stability criteria for uncertain neutral and Lure dynam-
ical systems with sector-bounded nonlinearity. Based
on Lyapunov-krasovskii theory, new delay-dependent
sufficient conditions for robust exponential stability
have been derived in terms of LMIs. The interval
time-varying delay function is not required to be dif-
ferentiable which allows time-delay function to be a
fast time-varying function. The global exponential
stability for uncertain neutral and Lure dynamical sys-
tems with some conditions are investigated. Numeri-
cal examples are given to illustrate the effectiveness
of the theoretic results which show that our results are
much less conservative than some existing results in
the literature.
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