WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS

Thongchai Botmart, Narongsak Yotha,
Kanit Mukdasai, Wajaree Weera

Improved results on passivity analysis of neutral-type neural
networks with mixed time-varying delays

THONGCHAI BOTMART
Khon Kaen University
Department of Mathematics
Khon Kaen 40000, THAILAND
thongbo@kku.ac.th

KANIT MUKDASAI
Khon Kaen University
Department of Mathematics
Khon Kaen 40000, THAILAND
kanit@kku.ac.th

NARONGSAK YOTHA*

Rajamangala University of Technology Isan
Department of Applied Mathematics and Statistics
Nakhon Ratchasima 30000, THAILAND

narongsak.yo@rmuti.ac.th
*Corresponding author

WAJAREE WEERA
University of Pha Yao
Department of Mathematics
Pha Yao 56000, THAILAND
wajaree@up.ac.th

Abstract: This paper is considered with problem of the passivity analysis for neutral-type neural networks with
mixed time-varying delays. By constructing an augmented Lyapunov-Krasovskii functionals and using the double
integral inequality with approach to estimate the derivative of the Lyapunov-Krasovskii functionals, sufficient
conditions are established to ensure the passivity of the considered neutral-type neural networks, in which some
useful information on the neuron activation function ignored in the existing literature is taken in to account. Finally,

a numerical example is given to demonstrate the effectiveness of the proposed method.
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1

In the past few decades, delayed neural networks
(NNs) have been an important issue due to their appli-

Introduction

cations in many areas such as signal processing, pat-

tern recognition, associative memories, fixed-point,
computations, parallel computation, control theory
and optimization solvers [1, 2, 3]. The state esti-
mation problems for NNs with discrete interval and
distributed time-varying delays have been extensively
studied in [4, 5, 6]. On the other hand, it is com-
mon that the time delay of system state, have been
many phenomenon such as automatic control, chem-
ical reactors, distributed networks, heat exchanges,
etc. The systems containing the information of past
state derivatives are called neutral-type neural net-
works (NTNNSs). The existing work on the state es-
timator of NTNNs with mixed delays are only [7, 8]
at present. In [9], the authors considered the prob-
lem of global passivity analysis of interval neural net-
works with discrete and distributed delays of neutral
type. Consequently, the passivity analysis of NTNNs

as signal processing, sliding mode control, and net-
worked control [10, 11, 12]. The main idea of the
passivity theory is that the passive properties of a
system can keep the system internally stable. In
[13, 14, 15, 16, 17], authors investigated the passiv-
ity of neural networks with time-varying delay, and
gave some criteria for checking the passivity of neu-
ral networks with time-varying delay. Passivity anal-
ysis for neural networks of neutral type with Marko-
vian jJumping parameters and time delay in the leakage
term has been presented in [18] . Robust exponential
passive filtering for uncertain neutral-type neural net-
works with time-varying mixed delays via wirtinger-
based integral inequality has been presented in [19] is
Wirtinger-based integral inequality [20]. Recently, a
new double integral inequality for time-delay system
was proposed in [21, 22], which is less conservative.
These motivate our research.

Motivated by above discussing, this paper inves-
tigates the passivity analysis for NTNNs with dis-
crete and continuous distributed time-varying delays.

has also been received considerable attention and lots Based on the constructed Lyapunov-Krasovskii func-

of works were reported in recent years.
The problem of passivity performance analysis

tional, free-weighting matrix approach, and double in-
tegral inequality for estimating the derivative of the

has also been extensively applied in many areas such LyapunovKrasovskii functional, the delay-dependent
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passivity conditions are derived in terms of LMls,
which can be easily calculated by MATLAB LMIs
control toolbox. Numerical example is provided to
demonstrate the feasibility and effectiveness of the
proposed criteria.

Notation R" is the n-dimensional Euclidean
space; R™*™ denotes the set ofn x n real ma-
trices; I,, represents the-dimensional identity ma-
trix; A(A) denotes the set of all eigenvalues 4f
Amax(A) = max{ReX\; A € AM(A)}; C([0,t], R™) de-
notes the set of atR"-valued continuous functions
on [0,t]; La2([0, t], R™) denotes the set of all tH"-
valued square integrable functions [0n¢]; The nota-
tion X > 0 (respectively,X > 0) means thatX is
positive semidefinite (respectively, positive definite);
diag(- - -) denotes a b lock diagonal matrix; Matrix di-
mensions, if not explicitly stated, are assumed to be
compatible for algebraic operations.

2 Problem formulation and prelimi-
naries

Consider the following NTNNs with time-varying dis-
crete and distributed delays described by:

©(t) = —Ax(t) + Wy(z(t))
+Wig(z(t —7(1)))
+W, ﬁt_k(t) g(x(s))ds

+Wai(t — h(t)) + u(t), 1)
y(t) = g(z(1)),
l‘(t) = ¢(t)7 te [_Tmaxa 0]7
Tmax = maX{TQ7 k?a hg},
wherez(t) = [x1(t), z2(t),...,zn(t)] € R™is the
state of the neuralA = diagai,as,...,a,) >

0 represents the self-feedback termil, Wy, Wy
and W3 represents the connection weight matrices,
() = (91(-),92(-), -+ ga(-))" represents the acti-
vation functions,u(t) and y(t) represents the input
and output vectors, respectively(t) is an initial con-
dition. The variables (¢), k(t) andh(t) represents the
interval time-varying and time-varying delays with
satisfy the following conditions:

0<’7’1§T(t)§7’2, 7.'(7f)§’7'3,

0 <k(t) <k, Vt>0,

(2)

where known scalars,, 7o, 73, ha, hg andks.
The neural activation functiong.(-),k = 1,2,. ..
satisfygk(o) =0andforsy,ss € R, 51 75 S9,

o < e Zok(s2)
51— 82

3)

wherel; , [ are known real scalars.
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Definition 1 [13]: The system (1) is said to be pas-
sive if there exists a scalay such that for allt; > 0,
tf T tf T
2/ Yy (s)u(s) ds > —7/ u” (s)u(s) ds
0 0
and for all solutions of (1) with:(0) = 0.

Lemma 2 [21]: For a positive definite matrixS >
0, and any continuously differentiable functian :
[a,b] — R™, The following inequality holds:

b 1 3
T . s LT 9
/a ' (s)Sx(s)ds > - aHl S + —

xI1% -
wheae
I = z(b) — x(a),
1L —w( )+ x(a) — 525 f) x(s)ds,
My = a(b) — x(a) + 525 [, x(s)ds
(bla2f fe x(s)dsdf.

Lemma 3 [22]: For a positive definite matrixS >
0, and any continuously differentiable functian :
[a,b] — R", the following inequality holds:

A

s)dsdf > 2111 STI, + 4I1% STI;

+6117 STlg,
where
I = 2(b) — 1= [ a(s)ds,
5 = 2(b) + ﬁffw(s)ds (b—aff I x(s)dsd6
s = 2(b) — 52 [P x(s)ds + (b_ag JP 2 x(s)dsdo
— oo Ja Iy IS w(\)dAdsd6

3 Main results

For presentation convenience, in the following, we

denote
L+ - diag(l?7l+7 e 7l;t)7
L~ = dlag(lf,lg_, 717_L)7

() =[2"(t), a7 (t = 7(t)), 2 (¢t — 1),
el (t =), g" (x(t), g" (x(t — 7(1))),
9" (@t =), g7 (a(t = 7)), fi,, 27 (s)ds,
ftt_TQ x7(s)ds, ftt_ﬁ v 2T (s)dsdb,
S JoaT(s)dsdd, [ fy [1 2T (N)dAdsde,
Sty Sy JE 2T (N dXdsdo, [£ . g7 (x(s))ds,
#(t — h(t)), u ()],
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ande; € R"*17 s defined as
€ = [Onx(i—l)nv L, 0n><(l7—i)n] fori = 1,2,...,17.

Theorem 4 For given scalarg, 72, 73, ho, hg andks

the system (1) with (3) is passive for any delays sat-

isfying (2), if there exist real positive matricd3 ¢
R™MXT™ .8 € R™" (i = 1,2,3), real positive
diagonal matriced/y,Us, Ts, Top(s = 1,2,3,4;a =
1,2,3;b = 2,3,4;a < b), with appropriate dimen-
sions, and a scalay > 0 such that the following LMIs
holds:

9291+QQ+93—|—Q4+Q5—|—96+Q7<0, (4)
where

0y = ¥ P, + 113 PO + (T3 + T14)T
+1I3 + Iy,

Qy = 3ef Qrer — 63 TQres — 64 TQ1ey
+2el Qae5 — el Qae7 — ef Qes
—l—CgQgCo — (1 — Tg)engeﬁ
—(1 — h3)efsQseis,

Qg = 6%]%5165 — 6?551615,

Q= Cg(T%SQ + 7—2252)60 — Hg52H5
—317% Sollg — 51T SoIT7 — 112 S,11g
3111'S,TTy — 5117, S, 1T, (5)

Q5 = CL(0.572 53 + 0.57253)Co
—2I17, S5y — 4117, S50
-ﬁng&nm—2nﬂ&nm
—4H1553H15 — 6H1653H16,

Qg = (H Tl + H18T I1;7)

+ Za 1 Zb 2,b>a H19T p1I20
+ 30 Yo b>a IEAVIRIETY
Q7 = —’76{7617 — egen — 6{765,

with

_ T T . T T ,T . T ,T1T
I = [eg 76976107611761276137614] )

_ T T T T T T T _.T T
Iy =[Ch,e1 —e3,e1 —ey,Te] — ey, Tee] — ejp,
or T o T TIT
Qf.57'1 e1 —e11,0.575e] —efy]’,
I3 = e5 (U1 — Uz)Co,
T —
H4 =€ (L+U2 — L Ul)CQ,
II5 = e1 — e3,
2
IIg = €1 +e3 — @69,
— _ 6, _ 12
Il7 =e1—e3+ 7re0 — e,
IIg = e1 — ey,
2
Hy = e1 +eq — Z e,
6 12
o =e1 —es+ e — ze,
1
Ili; = e1 — ey,
6
Hi2 =e1 + Zeg — —156117
60
IIi3 = e +e2 — —69 + —611 — e,
Iy = e — §6107
6
s = e1 + S e10 — 7712,
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60
ITig =e1 +e2 — —610 + 2612 73614,
IIi7 = €544 — L™ e,
Iig = LTes — egta,
g = (€ats — €pta) — LT (eq — ep),

Il = L+(€a — eb) - (€a+4 - €b+4)7
Co = Aey + Wes + Wieg + Waers + Wierg + ei7.

Proof : Consider a Lyapunov-Krasovskii functionai
candidate:
5
V(z(t) =D Vi(z(t)), (6)
=1
where

Vi(z(t) = n'(t)Pn(t)

k=1 70
n x(t)
+2 Z O'k/ [l+s — gk(s )}ds,
k=1 70

2 ot
Bet) = X[ [0

+ ) wT(s)Qlw(s)ds
A ACCEeE
Vi(a(t) = @[k/g $))S1g(x(s))dsdd,
Vi(a(t)) = Zﬁ[ /’ $) S0 (s)dsdo,
Vs(z(t)) = A)S3z(N)dAdsdh,
5(a(t) ;An// :

wheren(t) = [xT(t),ﬁ_n gnT(s)aLs,jf_T2 27 (s)ds,
ftt—n o S)dsdﬁ,ff_T2 o 2T (s)dsdo,

T
Sy Ji 2T (N)dxdsdo, [1, [y LT (Vddsdd]

Ul = diag{ﬂ17/727 e 7pn} > 07 and

U, = diag{o1,09,--+,0,} > 0 are to be determined,
The time derivative ofl’(z(¢)) can be computed as
follows:

Vi(z(t)) =
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T(t) 2 (1),
T(t)Qlw(t)
11‘(t — Tl)

—at(t —71)Q
—:ET(t —12)Q1x(t — 72)
+2g7 ((1))Qag(x(t))
—g" (2(t — 71))Qag(x(t — 7))
—g" (2t — 72))Qa2g(z(t — 72))
—(1—73)z” (t — 7(t))Qua(t — 7(1))
—(1 = hg)@™ (t — h(t)Qzi(t — h(t)),
= (T(6) (),
Va(z(t)) = kig"(2(t)Sig(z(t))

e [ g ae)Sula()as,
" (#(0)S19(x(0)
b [ a" ) Siglao)s
" (#(0)S19(x(0)

- /t g% (z(s))ds Sy
=k (D)

X /t—k(t) g(x(s))ds,

= (T(6) Q3 (),

Vaz(t)) = @ (t)(r{ 82 + 75 52)(t)
- /H1 T (5)Syi(s)ds
o /t ' § 7 (5) S (5)ds

¢ (t) Qu ¢(1),

0.537 () (7253 + 72.95):(t)

t t T
/ i
t—r1 JO
t—ro JO

< ¢T(t) Q5 (1),

whereQ;, (1 = 1,2, 3,4,5) is defined in (5).
From (3), the nonlinear functiog (=) satisfies

VANRIVAN

Va(x(1)) &1 (1)Qs(t)

t—m11

IN

IN

(s)S3&(s)dsdb

<+
<+

(s)Ssx(s)dsdd,

l]; < gk(mk) Sllja k=1,2,---,n, ﬂi‘k#o
Tp
Thus, for anyt, > 0, (k =1,2,---,n), we have

213 [g7 (2(0)) — L 2(0)] [ 2(0)
which

2g" (2(9)) — = (O)L™]"T[LF ()

— gr(2(6))] = 0,

—9(x(0))] = 0,
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whereT = diag{ty,ta, -, tn}.
Letd bet,t — 7(t),t — 7, andt — 7», and replacd’
with Ts(s = 1,2, 3,4), then, we havgs = 1,2, 3,4)

2¢T ()17 T Ths¢(t) > 0 (7)
Another observation from (3), we have
— _ gr(x(61)) — gr(z(62) _ +
l <L, k=1,2,---
EETT00) —a(0y) I

Thus, for anyt, > 0,(k=1,2,---,
A = gp(z(61))

2N — I (2(61) — (62))]

n), and
— g (z(602)), we have

<[if (2(61) — 2(6)) — A] = 0,
which
2[A — L™ (2(61) — x(62))]"
X TLH(2(61) — x(62)) — A] >0,

whereA = col{A1,Ag, -+, Ay}
Letd, andd, take values mj, t—7(t), t—7 andt—r,

and replacel’ with Typ(a = 1,2,3; b = 2,3,4; b >
a), then, we have
2¢T (I TupIa0¢ () > 0 (8)

wherea =1,2,3, b=2,3,4, b > a.
From (7) and (8), it can be shown that

¢"() Q6 (1) 2 0 9)
where)g is defined in (5).
Therefore, we conclude that
V(x(t)) = yu” (t)u(t) — 2y (t)u(t)
< XL Vila) + 9 = (Ou(t) |
—2y" (t)u(t),
= ¢T(t) Q)
where() is defined in (4). If we havél < 0, then
V(x(t) —yu" (H)ult) — 2y (t)u(t) <0,  (11)

for any((t) # 0. SinceV (z(0)) = 0 under zero ini-
tial condition, letz(t) = 0 for ¢ € [Tmax, 0], after

integrating (11) with respect tbover the time period
fromOtot;, we get

Thus, the NTNNSs (1) with (3) is passive in the sense

of Definition 1. This completes the proof.

Volume 17, 2018



WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS

4 Numerical example

In this section, we present example to illustrate the
effectiveness and the reduced conservatism of our re-
sult. Consider the NTNNs (1) with the following pa-
rameters:

a= [ )= e
W= [ ]
W = __8.'252 —00.09]’
o= |0 0]
The activation functions are assumed to be

gl(xl(t)) = 0.5(|l’i + 1| — |:EZ — 1|), = 1,2
It is easy to see:
] LT = 1 .

TR

For0.2 < 7(t) < 3, h(t) < 0.5, k(t) < 2, hg =
0.5, 73 = 0.5 andv = 0.34 by using MATLAB LMIs
control toolbox and by solving the LMIs in Theorem
4, in our paper we obtain the feasible solutions:

00
00

1.0087
0.1196
—0.0038
—0.0013
0.0000
0.0000

—0.0286

P —0.0035
0.0000
0.0000

—0.0060
0.0030
0.0000
| 0.0000

0.0000 0.0000
0.0000 0.0000
—0.0016 —0.0015
—0.0017 —0.0056
0.0012 0.0011
0.0011 0.0040
0.0007 0.0000
0.0001 0.0007

0.11967
0.7258
—0.0067
—0.0088
0.0000
0.0000
—0.0289
—0.0472
0.0000
0.0000
0.0007
0.0050
0.0000
0.0000

—0.0286
—0.0289
0.0098
0.0892
0.0007
0.0000
1.4958
0.7472

—0.0038
—0.0067
0.0128
0.0084
—0.0016
—0.0015
0.0098
—0.0263
—0.0022
—0.0011
0.0174
—0.0033
—0.0001  0.0000
0.0000  —0.0002

—0.0035  0.0000
—0.0472  0.0000
—0.0263 —0.0022
0.0502  —0.0013
0.0001 0.0002
0.0007 0.0003
0.7472  —0.0009
3.0171  —0.0004

—0.0013
—0.0088
0.0084
0.0429
—0.0017
—0.0056
0.0892
0.0502
—0.0013
—0.0050
0.0289
0.0096

0.0002
0.0003
0.0005
0.0002
0.0000
0.0000

0.0003
0.0010
0.0001
0.0006
0.0000
0.0000

E-ISSN: 2224-266X

—0.0009
—0.0003
—0.0140
—0.1875
—0.0001
0.0000

—0.0004
—0.0020
—0.0364
—-0.3777
0.0000
—0.0001

0.0006
0.0004
0.0001
0.0002
0.0000
0.0000

57

0.0000
0.0000
—0.0011
—0.0050
0.0003
0.0010
—0.0003
—0.0020
0.0004
0.0014
0.0002
0.0004
0.0000
0.0000

Q3 =

S1 =

Sy =

Up =

U, =

T; =

Ty =
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—0.0060 0.0030 0.0000 0.0000 ]
0.0007 0.0050 0.0000 0.0000
0.0174 —0.0033 —0.0001 0.0000
0.0289 0.0096 0.0000 —0.0002
0.0005 0.0002 0.0000 0.0000
0.0001 0.0006 0.0000 0.0000
—0.0140 —-0.1875 —0.0001 0.0000
—0.0364 —0.3777 0.0000 —0.0001
0.0001 0.0002 0.0000 0.0000
0.0002 0.0004 0.0000 0.0000
5.1380 0.2050 0.0000 0.0000
0.2050 5.7050 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000
[ 0.2383  0.3599 |
0.3599 0.7875 |’
[ 0.0019 0.0023 |
0.0023 0.0093 |’
[ 0.3563  0.0107 |
0.0107 0.2513 |’
[ 2.2201  0.0099 |
0.0099 0.2674 |’
2.6041 1.1983
-5
1077 x [ 1.1983 5.4488 ] ’
54115 —0.0914
—8
1077 [ ~0.0914  5.2782 ]
[ 2.0621 0
0  1.5664 |’
[ 3.9452 0
0 32423 |’
[ 23.2649 0
0 16.9973 |’
00792 0]
0 01857 |’
[ 0.0562 0 ]
0  0.1528 |’
[ 0.0025 0 ]
0 00141 |’
(12748 0 ]
0 1.3177 |’
[ 12244 0 |
0 13813 |’
[ 1.2681 0 |
0 1.2956 |’
[ 13421 0
01.2576 ’
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1.2748 0
T = [ 0 1.3177]’
1.0461 0
T = l 0  1.0442 ] :
Conclusion

In this paper, the passivity analysis for NTNNs with
discrete and distributed time-varying delays has been
studied. By employing the LKFs method, double inte-

gral inequality was developed to guarantee the passiv-

ity performance of NTNNs. A new passivity analysis
criterion has been given in terms of LMIs, which is
dependent on time-varying delays. Finally, a numer-

ical

example has been presented which illustrate the

[7]

[8]

[9]

effectiveness and usefulness of the proposed method. [10]
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