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ABSTRACT

In this work, we study the delay-dependent exponential passivity and stability analy-
sis of neutral system with time-varying delays and nonlinear perturbations. We derive new
delay-dependent exponential passivity and stability conditions for the system in terms of lin-
ear matrix inequalities (LMIs) by constructing new class of augmented Lyapunov-Krasovskii
functional, utilization of zero equation, descriptor model transformation, Leibniz-Newton
formula and various inequalities. We also demonstrate the effectiveness and improvement
of the results by giving some numerical examples.

Keywords: Exponential passivity analysis; Linear matrix inequality; Model transformation;

Neutral system

1. Introduction

During the last decade, there has
been interesting in the time-delay of neu-
tral system due to their extensive applica-
tions, for example, in industrial systems,
in communication, in engineering and so
on. Stability of time-delay systems of neu-
tral type has been divided into two classes
depending on the size of the time-delay,
delay-independent and delay-dependent. In
[[1-4], convex optimization algorithms has

been treated. Moreover, in [5-7], free-
weighting method within convex optimiza-
tion approach has been presented. Some re-
sults on robust stability for uncertain neutral
system have been derived in [8-{11]].

The passivity is an essential tool in
stability analysis. The stability of the feed-
back can be established by using the pas-
sivity theorem. Then, there has been an in-
creasing of reseachers, who are interesting
in applying passivity to time-delay system
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[12].

The results mentioned in the litera-
tures are studied with the asymtotic stabil-
ity ([2, 10, 11}, 13, [14]) or only concerned
with the exponential passivity of neural net-
works ([[12,115,]16]). However, the exponen-
tial passivity of neutral problem is also es-
sential since it can estimate the convergence
rate.

Motivated by the statement above,
in this paper, the exponential passivity and
stability analysis of neutral system with
time-varying delays and nonlinear pertur-
bations are investigated using new class
of augmented Lyapunov-Krasovskii func-
tional, utilization of zero equation, Leibniz-
Newton formula and various inequalities.
Two numerical examples are given to
demonstate the method.

2. Problem Formula and Preliminar-
ies

We introduce some definitions and
lemmas which we used throughout the pa-
per and we also introduce the neutral sys-
tem with time-varying delays and nonlinear
perturbations of the form

y(1) Ay(t) + By(t —r(1))

+CY(t — k(1)) + g1(1, (1))
+g2(1, y(t — (1))

+g3(1,y(t — k(1)) + D1w(2),
t>0, (2.1
Ciy(t) + Cay(t — (1))
+Dow(r), 1> 0, (2.2)
o),

Vt € [-max{ro, k2},0], (2.3)

Z(1)

y(?)

where y(f) € R" is the state vector, w(t) is
the disturbance input, zZ(¢) is the output of
the system and ¢(¢) is a vector valued initial
function. A, B,C, D1, Cy,Cs and Dy € R™"
are real constant matrices with appropriate

dimensions. The delays are time-varying
delays satisfying
0 <r(t) <ro 2.4)
0<k(t)<ks k(t)<kysy (2.5

where ro, ks and k,; are real constants.
The uncertainties g1(t, y(¢)), go(t, y(t —
r(1))), g3, y(t — k(t))) are nonlinear
disturbances satisfying

gl (t.y(0)g1(t, (1) < By (0)y(1), (2.6)
g5 (1, y(t = r())ga(t, y(1 = r(1)))
<137 (1 = r(0)y(t - r(@)), 2.7)
g5 (6,3t — k(1))ga(t, y(1 — k(1))

< 1357 (t - k)it - k1), (2.8)

where /1,105,153 are given nonnegative con-
stants.

Definition 2.1 ([[]]). If there exist positive real
constants @, M such that, for all ¢(¢), the solu-
tion y(t, ¢) of the system satisfies

ly( @)l < Mllglle™,

then the system Eq. (2.1)) - Eq. (2.3) is called
exponentially stable.

t >0,

Definition 2.2 ([[12]). If there exists an expo-
nential Lyapunov function V(¢) defined on R,
and a constant @ > 0 such that for all w(?), all
initail condition y(0) satisfy:

V() +2aV(t) < 2Z(Ow(t), t>0, (2.9)

where V(¢) denotes the total derivative of V(z)
along the state, then Eq. R.1) - Eq. R.3) is
said to be exponentially passive from input w(r)
to output z(r), trajectories y(r) of Eq. (.1) -

Eq. (R3).

Lemma 2.3 ([2]). For all constant matrix M €
R™ M = MT > 0, positive real constant ro
and vector-valued function y : [-rp,0] — R”
such that the integrations concerned are well
defined,

t
ry / 3T ()M (s)ds <
t—ro
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t T t

—( / y(s)ds) M( / y(s)ds).
t—ro t—ro

Replacing the term ftt_rQ v(s)ds with y(t)— y(t —

ra), we can obtain the following inequality

ry / " T () M3(s)ds <

t—ro

[ ¥() r [—M M ] [ ¥(1)

y(t =r2) * =M |y -rz)
Lemma 2.4 ([[10]). Forall constant matrix M €
R™1" M = MT > 0, r(t) is time-varying delays
with 0 < r(t) < ry, ro € R and a vector-valued
function y : [-r2,0] — R” such that the inte-
grations concerned are well defined,

t
s / VT (s)My(s)ds <
t—ro

t '
- / vy (s)dsM
t

—r(t) t—r(t)

t—r(t) t—r(t)
- / vyl (s)dsM / y(s)ds.
t t—ry

-ro

y(s)ds

Lemma 2.5 ([10]). For all constant matrices
My, My,M3 € R™" M; > 0,M3 > 0,
M, M,
* Ms
0 < r(t) < ry, 1o € R, vector-valued functions
yandy : [—re,0] = R" such that the following
integration is well defined,

s y(s)T[M1 Mg] [y<s>}
"2 / [y'@)] o M| 3]

] > 0, r(t) is time-varying delays with

y(1)
y(t = r(1))
< ty(t —r2)
J iy y0)ds
/-t—r(t) y(s)ds
t—ro
-M; Ms 0o -MI' o0
«  —Ms;-Mi Ms MI -MI
x| =* * -M; 0 mr
* * * -M; 0
* * k * —M1
(1)
y(t = r(1))
X ly(t - }”2)
‘/tfr(t) y(s)ds

Lemma 2.6 ([[l]). The following inequality
holds, for a positive matrix M :

_ 2 a a
—%/ﬁ; [ vy ()M y(u)duds

< —( /B ’ / ’ y(u)duds)" M
(f " [ ).

Lemma 2.7 ([[10]). Let y(t) € R" be a vector-
valued function with first-order continuous-
derivative entries. Then, the following inte-
gral inequality holds for any constant matrices
N,M; € R™"{ = 1,2,...,5 and r(t) is time-
varying delays with 0 < r(t) < ro, r2 € RT,

t
- / Y ($)0y(s)ds < DT wd + ry®T QO,
1—ro

where
y(1)
® = |y -r()],
y(t—r2)
M; My 0
Q= * Ms+ Ms M,|,
* * Ms
My + M -M] + M, 0
w = * 0 -MT + M|,
i * * -Ms — MQT
o=M + M - My - MI
(N My M,
and x* Mg M| >0.
* * Ms

Lemma 2.8 ([[14]). For all constant matrix M €
R M =MT >0, nonnegative real constants
ro and a vector-valued function y : [—rs,0] —
R™ such that the following integrals are well de-
fined,

—ry / 3T ()M (s)ds < o (1) © w(t)

where . ,

w() = YT @),y (1 = r2), f,_,2 ¥ (s)ds]
-4M -2M  6M

and e =| = -4M  6M

-12M

k *
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Lemma 2.9 ([[13,L7]). For any constant matri-

M
ces M,N € R™" M > 0, ]l]\/;] >0, r(t)
is time-varying delay with Eq. .3), a vector-
valued function y : [—r2,0] — R”" such that the
concerned integrations are well defined,

—ry / t YL ()M y(s)ds < & (1)6a(1),

where .
() = [yT (@), y" (¢ = r(0).y" (1 = r)]
-M M-N N
and&=| * -2M+N+NT M-N|.
* * -M

3. Main Results

In this section, we will indicate the
exponential passivity criteria dependent on
time-varying delays. We define a new pa-
rameter

Z = [Eijlexie (3.1

where E; ; = E]Tl i,j=123,..,16,
Si6 = PiG,
i1 = —S5-S +r3Si0+Py+riP;
~My - MY,
B12 = P] -S| +SsA+r3S5,
51’3 = —MlT + MQ,
Eia = SsB-S{,
Eie = $5C
Eiun = Ss,
B2 = Ss,
Ei13 = Ss,
Bso = S1A+S+A"S; +5] +2a8,

+S16 + ST + SyA + ATST + r25g
+r22P4 —e7228, 0+ 811 + S1T1
+roS13 + roC1 + rQClT +1r9Cy

+e il + 2Py + P3 +713Ps
—e1"2p2 Py + r2P1g + 1o Cl

_46—2ar2 P11 _ ef2ar2P12,

[1]
&)
‘Q/’l

ATJT,

S1BS16 — S4B + AT St —ryCy
=87} + Si2 + r2S1a + 12CL

e 2ar2p, 7202 p g

+e 228,

—Sy + roCE — 1y Cy — 272972 Py
+eT2"2 Py,

$1C + 8,C + ATJT,

ATSy + 83 + 2085 — e 207281
ATSy + 83 + 2aSs,

—Si6 + S7T + r2C6T —1r9Cy,
raCY — ryCy,

S1+ 84,

S1+ 84,

S1+ 84,

e dar: r22P9 +6e72am2p
SiD; - CT,

-M; + MY,

4

M1+M1T—J1—J1T+%2P8
rgl —2ar 2

+5P9—€ 2L2+r2P11
+I‘22P12,
J1B,
JiC-JY,
Ji,
J1,
J1,
S¢B + BTSg; - 6720r2S10 + 511
—e 2281+ ST, — S12 - S5,
+r2513 + r2515 - r2C5 - r2C5T
_26—201'2 P12 + €_2ar2P13
+e 2 PlT3 + 62[22[,
6_2(”2.910 - S{l + S12 + r2514
+e—2(lr2 P12 _ e—2ar2P13’
S¢C + BT JZ,

T -2 T
BTS, + 207287,
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BT'Sy — e72m2 8T Ei,in = —eal,
T T =
=87 —rCq —raCs, 2,12 = —el,
S6s Biz13 = —el,
Se» Big1a = —er3Py—rie Py
Se. —12¢72"2 Py,
-2 T = -4
—e """2810 = S12 = Sjp + 12815 Eis15 = —e "2Pg,
T _ -2 = T
—r2Cy —1r2Cy — """ Py Eig,6 = —D2—-D;,
_46—2("2 Pll _ e—2wr2P127
and others are equal to zero.
—Ss,
—2ary (T Theorem 3.1. For ||C|| + I3 < 1, the system
_SS te Sg > . . .
T Eq. @) - Eq. ©3) is exponentially passive
—r2C3 —raCy, with a decay rate a > 0 if there exist positive
Ge2ar2 Py, definite symmetric matrices Py, m = 1,2,...,13,

any appropriate dimensional matrices S;,1 =

—2(1](2 2
—e W+ kgW + 3151 + JoC ..
d 33 2 1,2,...,16, and positive real constants €,, n =

+CTJ2T, 1,2,3, such that the following symmetric linear
C" K, matrix inequalities hold
C" Ky, ]
StoSal 0, (3.2)
J29 * SS,
T, [58 ol S 0 33
* 810
Ja, arp. g g :
—2ar- —2ar- e ez 7 11 11
2a83 — ¢ 28 —e 2P, N Siz S| > 0, (34)
—6_2‘"2 Ps, * * 515_
2083 — e722 Py, [P12 Py3] > 0, (35)
ST *  Pra]
ST Z < 0. (3.6)
§T
52T D, Proof. Initially, we use descriptor system to
’ rewrite the system Eq. (R.]]
2083 — e 22 Py, Y ¢ @D
2085 — e 228 — ¢72aT2p, y@) =z, (3.7)
_e~2ar2p, 0 = —z(t)+ Ay(t) + By(t — r(t))
T +Cy(t — k(1)) + g1(1, y(1))
T +82(t,y(t — (1))
o +5(1, (1 — k(1))
2’ +D1w(t). (3.8)
STDy,
S, S7T — 1yCs — 1 Cg Apply the following utilization of zero equation,
9 we have
_e— ars P67
raCs — ryCy — €722 Pg, 0 = Gy@)-Gyt—r()
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-G /trm z(s)ds, (3.9)

where G € R™" will be be chosen to assure
the exponential passivity of system Eq. (R.1)) -
Eq. (23). By Eq. (8.9), the system Eq. (3.7)
and Eq. (B.8) can be represented in the form of
the descriptor delayed system

) = z20)+Gy(t) - Gy(t —r(1))
-G (s)ds, 3.10
-/t.—r(t) ane G-10)
0 = —z(t)+ Ay(t) + By(t — r(t))
+Cy(t — k(1)) + g1(2, y(1))
+82(2, y(t = 1(1)))
+83(t, y(t — k(1))
+Dyw(t). (3.11)
Construct a Lyapunov-Krasovskii
functional candidate for the system

Eq. @1) - Eq. €3).Eq. B.10) - Eq. B.11)

of the form

9
V= ) Vilo), (3.12)
i=1

where

Y
/z—r2 y(s)ds

ol y(?)
Sy, y(s)ds

Yy ()P1y(t)
y()
z(t)
- yt(t - (1))
‘/tfr(t) z(s)ds

T
Vi(t) [3:: gz]

bl

Va(2)
T

OO O~
O O O O
OO OO
OO OO

)

)

)
o O O

0 0 0
S5 S5 S¢S
y(t)

z(t)
1y -r@) |

,/tt—r(z) 2(s)ds

Va(t)

T
, /O /[ 20(6—1) [y(Q)
2 e .
—rg JI+s y(g)

Ss Sy ||y
X[* 510] [y‘(e)] dbds,

t
[ et opads
t—k(t)

Va(t)
t

v [Ty,
t—ro
0 pr

r2 / eQQ(e—t)yT(e)P4
—ro Jt+s

0 t
Xy(0)dOds + r22/ / p2a(0-1)
—ro JI+s
¥ (8)P5y(6)dods

0 t
+r22 / / eQ(l(Q—I)ZT (9)P6
—ro JI+s

xz(6)dOds,
0 t
/ / 20T (9)P.2(6)dods,
—ry Jt+s

[(72)2 /0 /O /t 620(9+s—t)
2 —rp JO Jit+s

ZT(H)sz(G)dadsd/l]

+[(r2)2 /O /0 /I e2a(6+s—t)
2 —-ro J6 t+s

ZT(H)sz(O)desd/l],

0 pt
ra / / 2 O=0yT ()P
—r2 Jt+s

Xy(6)dods,

0 pt
2 / / 20T (9)Pyy
—r2 Jt+s

0 pt
xy(0)dOds + ro / e2a0-1)
-r2 Jt+s

v (0)P127(0)dbds.

Vs(t)

Ve (t)

V(1)

Va(1)

Vo (t)

The time derivative of V(¢) along the trajectory

of Eq. 1), Eq. (310) - Eq. (B11)) is given by

9
V() = Z Vi(t). (3.13)

i=1

The time derivatives of Vi(t),Vo(t) are com-
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puted as
T

(1) o
t t—r(t
ft—r(z) y(s)ds + ft—r: y(s)ds

S, 52] [ &) ]
| * y(#) = y(t = r2)

&) ]T [Sl 52]
|y(@) =yt —r2)| |* S3

[ y(t)

S s + [17 y(s)ds
+2aVi (1) - 2aVi (1),

oo 1"

. 2(7)
PO =2 =)

fz vy 2(8)ds

Vi(t) =

X

X

[PT 0 0 ST

0 0 0 ST
X T

0o 0 0 s

0 0 0 st

(T 0 0 0 y(?)

0 0 00 (1)
1o 0 0 of| ye-r@)
0 0 0 0 / o) 2(8)ds

= 2yTR[¢(r)] +2y7 ()84 B(1)]
+227 (1)S5 [ B(1)] + 2aValt)
+2y" (1 = r(1))Ss [ B(1)]

! T
+2 [—r(z) Z" (s)dsS7 [w(t)]

—2aVa(1),
where
¢(t) = z(t) + Gy(t) — Gy(t — (1))
-G ds,
/z—r(r) s)ds

w(t) = () -yt —r(0) - /_()Z(S)ds,

&) = Ay(t)+ By(t—r())
+Cy(t — k(1)) + g1(t, y(1))
+82(t, y(t = r(1)))
+83(t,3(t — k(1)) + D1w(t)

and

B(t) = —z(1)+ Ay(r) + By(t — (1))

+CY(t — k(1)) + g1(8, (1))
+g2(t, y(t — (1))
+g3(t, y(t — k(1)) + D1w(t).

Obviously, we get e2272 < 2@~ < 1 for
any ascalar s € [f—ro,t], and apply with Lemma
23, we get Vs(¢) as follows

_ * [yn]" [Ss y(1)
5= ’2/r2 [y'(r)} [ Slo] [y@]d

—r 0 eQas y(t + S) S8 SQ
2, ye+9)] |+ Swo
y(t +s)

3t + ) ds — 2a V(1)
2 [ ¥(1)

_ [ [Ss 59] [)’(f)]
2 (@) * Siof [¥(0)
_ ! 2a(s=1) y(s) s Sy
rQ/trQ [ y(s) [* 510}

yES;] ds — 2aVs(t)

< [y(t) [Ss SQ] [y(f)]
= PO |+ Swo] [y
—2ars ! y(S) ’ S8 S9
e / - [ym] [ * Slo]
ygsi] ds — 2aVs(t)
< [y(f) [ 3 SQ] [)’(t)]
= 2] |+ Swf [y@
+e 22T oy — 2Vs(r)
_ [y(f) [Ss 59] [)’(f)]
z() *  Sio| |2(2)
+e7 2T o — 2V5(n),
where
y()
y(t =r(1))
T = ZJ’(I —r2)
/t—r(t) y(s)ds
ftt__r:(t) y(s)ds
and
-S10 S10 0 —Sg 0
* —Slo - S{O SlO Sg —Sg
o= * * -S10 0 Sg .
* * * —Ss 0
* * * * —Ss
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Taking the differential of V4(t), we have

V(1)

IA

3T (OP23 (1) + y" Psy (1)

—(1 = k(0)e 20T (1t — k(1))
XPoy(t — k(1)) — 2a V(1)

—e 22 y1(t — o) P3y(t — 13)
T OP23 (1) + y" (1)Psy(1)

—e 225t — k(1)) P2y(t — k(1))
+kay" (t = k(1))Pay(t — k(1))
—e 22y T (1 — 1) Pay(t — ra)
—2aVy(t)

Z()Paz(t) — e 22 y(t — k(1))
XPoy(t = k(1)) + kay" (1 — k(1))
XPay(t — k(1)) + y" (1)P3y(1)
—e 22y T (t — ro)P3y(t — 12)
—2aV,(1).

From Lemma PZ3 and Lemma P-4, we obtain
Vs (1) as follows

Vi (1)

IA

0
r, / VT (OPuy(1)ds

ra

0
—r /
—ry

0
+rs / VT (6)Psy()ds

r2

0
- [
.

0
+V2/ ZT(Z)P6Z(l)dS - 20,"/5([)

Uy (1 + )Py’ (1 + 5)ds
2y (1 + 5)PsyT (1 + 5)ds

r2
0

—ry / (1t + 5)Pgz! (t + s)ds
1y

r2yT (1)P4y(1)
t
—ry [ YT (5)Pyy(s)ds

t—ro
+r3y" (1)P5y(t) - 2aVs(t)
t
—r2/ 2G0T () Py y(s)ds
t—ro
+r§zT(t)P6z(t)
t
—r2/ 26T (§)Pgz(s)ds
t—ro

rayT ()Pay(t) + r3yT (H)Psy(t)

IA

t
—rpe?r / 3 (5)Pay(s)ds
t—ro

t
_ryen2ams / ¥ (5)P5y(s)ds
t—ro

+1227 (1)Poz(t) — 2aVs(1)

t
_r2e—20r2 /
1—ry

r3y" () Pay(t) + r3y" (1)P5y(t)

t
_e—2ar2 /
t—r(t)

t
X / yT(s)ds
t—r(t)

_e2ar2 (

! (s)Psz(s)ds

y' (s)dsPs

vyl (s)ds

t—r(t)

t—r(t)
+ / yT(s)ds] Py
t

—ro

X [ /ztr(z) yI(s)ds
t-r(t)
+ [ yT(s)ds])

—ry

t—r(t)
—e2ar: / yT(s)dsP5
t

—ry

t—r(t)
x / VT (s)ds + r2<T (1)Poc(t)
t

—ry

t
—e72an2 / I (s)dsPg
t—r(t)

t
X / 2L (s)ds
t—r(t)

t—r(t)
—e72an / I (s)dsPg
t

—ro

t—r(t)
x / 2L (s)ds — 2aVs(t).
t

—ro

Using Lemma 7, Vi(¢) will be obtained as

V(1)

0
/ 2L (1) Prz(t)ds — 2aVi(1)

/0
roz” (H)Prz(t) — 2aVs(t)

t
—/ 20T (9)Prz(s)ds
t—ro

W71 (t + 5)Prz(t + 5)ds
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< 1z ()Prz(t) - 2aVg(t)
t
—e2ar2 / 21 (s)P7z(s)ds
t—ro
< nd (OPrz(t) + 1" Ap
+ron’ On — 2aVs (1),
where
(1)
n=|y-r@)],
) y(t=r2)
S11 + S{l _SlTl + 512 0
A= * o} —S{l + S12,
L * * ~S12 - S,
¢ =511 +S] - S12-8],
and
S13 S14 0
O=| % S13+ 815 S14] .
| * * S15
From Lemma I8, V;(¢) can be estimated as
~ (r2)* .
Vi) < =3 OPsi()
(ra)* .
+=3T WP (1)
2 0 pt
— 2 dar; / / yT (s)Psydsdo
2 —ry J1+6
2 0 pt
— 2 dar: / / yT (s)Pgyydsdb
2 —ro Jt+60
—2a V(1)
(r))* . .
< T)’T(Z)Psy(f)
(r))* .
+T)’T(Z)P9)’(l)

0 pt
—e_4‘”2(/ / ¥ (s)dsdd) Ps
—ro J1+0
0 pt
x(/ / y(s)dsdo)
—ro Jt+6
0 pt
—6_4‘"2(/ / ¥ (s)dsdb) Py
—ro J1+0

Af [ o

4
= L yorga)

4
2T wpys ()

0 pt
—e~tam( / / y' (s)dsd6)Ps
—ro J1+0

] f o

—e 0~ [ 5T O0)
xPafray(t) - [ (@)

Using Lemma P23, we compute Vk(7) as follows

V() = 3y (0)P1oy(1) ~ 2aVs(1)
1 t
—62("2(—/ yT(s)ds)rQQPlo
2 Ji—r,
t
x(l/ y(s)ds).
2 Ji—r,

By Lemma 8 and Lemma 29, we get Vy(?) as

Vg([) < rgy(t)Plly(t) + 6_2(”2@TA®

+r39(1)P123(1)
+e 2029l QW — 20V (1),

where
¥(1)
0 = ygt - r3)
% /t_r2 y(s)ds
[-4P;;, —2P;; 6Py
A = |=2P;; —4Pyy 6Py |,
| 6Py, 6Py —12Py
y()
Y o= |y-r@®)],
| y(t —1r2)
[ —Pis P12 — Py3 P13
Q = |Pp-Pl ¢ P12 — Py3
Pl Pu-Pl;  —Pn
and
¢ = —2P12+P13+P{3.

From the Leibinz-Newton formula, for any real
constant matrices C;,i = 1,2,...,6 with appro-
priate dimensions, the following equations are
true

0 = 2y ()Cs+y'(t—r(t))Cs



P. Suradee and K. Mukdasai | Science & Technology Asia | Vol.26 No.3 July - September 2021

Lo dsC
+ /,mf (5)dsC]
() = ¥t - (1)

—/l z(s)ds],
t—r(t)

2ra[yT (1)C1 + YT (t = 12)Ca
+ / Z'(s)dsCs]
[y(#) = y(t —12)

- /t_tr2 z(s)ds].

From Eq. (2.6) — Eq. (2.8), for any scalars €,
& and e3 are positive real constants, it can in-

vestigated that the following inequalities hold:

(3.14)

0 =

(3.15)

0 < alfy )y

—e1g] (ty(1)gi(t,y(1), (3.16)
0 < ey —-r)y@-r@)

—€283 (1, y(t = (1))

ga(t, y(t — r(1))), (3.17)
0 < el2y"(t—k@)y(t - k@)

—€3gs (1, 9(t — k(1))
g3(t, y(t = k(2))).

From Egq. (8.11), we have

(3.18)

0 = 2y(0)[-y() + Ay(t) + By(t — r(1))
+Cy(1 = k(1)) + g1(2, y(1))
+g2(t, y(t = h(1)))

+g3(t, (1 — 7(1)))],

2y(t — k(1)) J2[-y(2) + Ay(2)
+By(t —r(t)) + Cy(t — k(1))
+g1(1, y(1)) + g2(2, (1 — h(1)))
+g3(1, y(t = 7(1)))].

(3.19)

(3.20)
From Eq. (3.10), we obtain
= [ My + 2T (OM[3(0) — (0] (3.21)

According to Eq. (8.13) - Eq. (B:21)), we can
conclude that

V(i) +2aV(1) - 22(0w(t) < &7 (1) Z (1),
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where 6(t) = [z(1), y(t), (t), y(t = r(1)), y(t -
t—r(t)
y(s)ds,

ra). 3 = k@), [, ), [

S 2)ds, [ 2(s)ds. g1 (1, y(0),
gz(t y(t —r(0)), gs(t y(t = k(1))),

L ,trQ ¥(6)de, / [0 37 (5)dsd8, w(t)]
and ) is defined 1n Eq. (B-1). If conditions

Eq. (3.2)-Eq. (B.6) hold, then
V() +2aV(t) < 2Z(Hw(t), VteR*. (3.22)
It means that systems Eq. (2.1)-Eq. (2.3) are ex-

ponentially passive. O

Now the exponential stability criteria
of equation Eq. (2.1) when D; = 0 is demon-
strated. We define a new parameter

o=

where E; ; = EJTl

[Ei j]15x155 (3.23)

i,j=1,23,..,15.

Corollary 3.2. For ||C|| + I3 < 1, the sys-
tem Eq. (2.1 where D; = 0 is exponentially
stable with a decay rate a > 0 if there exist
positive definite symmetric matrices Py, m =
1,2,...,13, any appropriate dimensional matri-
ces 81,1 = 1,2, ...,16, and positive real constants
€, n = 1,2, 3, such that the following symmetric
linear matrix inequalities hold

S1 S
[* 5| > 62
Ss S |
[* 5o > 0 629
e Py Sy Spo]
* S13 514 > 0, (326)
* * S5
P12 Pi3]
[* p| > 0 627
Z < 0. (3.28)

4. Numerical Examples

We give two numerical examples to
present the improvement and performance
of our stability criteria by comparing the
least upper bounds of the parameter 1, and
considering the rate of convergence « for
guaranteeing exponential stability.
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Example 4.1. Consider system Eq. (R.1) —
Eq. (.3) with the parameters

-2 0 0 04
a=5 5 a5
C=0.11, éle Oy éng ?y

0.5 0 0.1 0
Dl‘[o J’ D2‘[0 01}

For ; = 0.1,1; = 0.05,I3 = 0.05, and the dif-
ferent k; and «, the maximum value of r with
convergance index e for exponential passivity
of the system Eq. (R.1) is listed in Table 1.
Moreover, we compute an upper bound a with
the different ko and ro, obtained from Theo-
rem 1 are listed in Table 2 for different r» and k5.

Table 1. Maximum allowable bound ry

a=01 a=05 a=0.9
kqa=0 0.171 0.117 0.030
kqg=0.05 0.168 0.114 0.026
kqg=0.1 0.165 0.111 0.0220

Table 2. Maximum allowable bound «

ko =05 k2=09
ro =0.01 0.804 0.710
ro =0.05 0.691 0.603
ro =01 0.486 0.419

Example 4.2. Consider system Eq. (2.1) with
the parameters

2 0 0 04
e B V|
C=01l, Dy=0.

For ;1 =0.1,1, = 0.05,/3 = 0.05, the maximum
value of ro with a convergance index € for
exponential stability of the system Eq. (2.1)) is
listed in Table 3.

11

Table 3. Maximum allowable bound ry

rq = 0.5 unknown
[18] @ =0.5 0.731 -
[6]@=0.5  1.603 -
Corollary 11 - 1.151
[18] @ = 0.7 0.358 -
6]« =0.7 1.169 -
Corollary 11 - 0.912
[18] @ =0.9 0.103 -
[6]a=0.9 0.691 -
Corollary 11 - 0.711

5. Conclusion

From this paper, the problems of the
delay-dependent exponential passivity and
stability criteria for neutral system with
time-varying delays and nonlinear perturba-
tions have been investigated. Applying new
class of augmented Lyapunov-Krasovskii
functional, we acquire new exponential pas-
sivity criteria in terms of LMIs. The im-
provement and effectiveness of the pro-
posed results have been guaranteed by some
numerical examples.
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