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Abstract—In this paper, delay-dependent stability analysis for
neutral type neural networks with uncertain paramters and
time-varying delay is  studied. @By constructing new
Lyapunov-Krasovskii functional and dividing the delay interval into
multiple segments, a novel sufficient condition is established to
guarantee the globally asymptotically stability of the considered
system. Finally, a numerical example is provided to illustrate the
usefulness of the proposed main results.
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I. INTRODUCTION

EUTRAL type neural networks have been extensively
studied in recent years due to its wide application in
contemporary society of science and technology such as
image processing, automatic control, pattern recognition,and
so on[l,2]. Among various behaviors, the stability has
proven to be the most important one that has received
considerable research attention, see,for example,[3-20] and
references cited therein. On the other hand, systems with
uncertain paramters have been attracting increasing research
attention [20-22]. In [21], the problem of robust stability
criteria for recurrent neural networks with time-varying
delays are investigated based on linear matrix inequality
(LMI) approach. In addition, the authors in [22] discuss the
problem of robust stability for Hopfield neural networks of
neutral-type via constructing a new Lyapunov-Krasovskii
functional. At recent times, the authors in [23-26] have
provided a less conservative stability condition for delayed
systems by using delay partitioning approach. The advantage
of this approach is to get more tighter upper bound of the
terms calculated by time-derivative of Lyapunov functional.
Motivated by the above discussion, in this paper, the
stability analysis for neutral-type neural networks with
uncertain parameters and time-varying delay is considered.
Some novel delay-dependent stability criteria based on LMI
for neutral-type neural networks will be proposed by
partitioning the delay interval into multiple segments,and
constructing new Lyapunov-Krasovskii functional. The
obtained criteria are less conservatism which can be easily
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checked by using the MATLAB LMI Toolbox. Finally, in
order to show the feasibility of the proposed criteria in this
paper,a numerical example is considered.

II. PROBLEM STATEMENT

Consider the following neutral-type neural networks with
time varying delays described by

y(t)=—Ay(t)+Bg(y(t))+Cy(y(t—7(t)))+ Ey(t—d)+1Io
(D

where y(t) = [y1(t),y2(t), ..., yn(®)]T € R™ is the neuron
state vector,g(y(t)) = [g1(y1(1)), 92(y2(1)), - -, gn(yn (1)]"
denotes the neuron activation function ,and Iy = [I1, I, ...,
I,JT € R"™ is a constant input vector,A = diag{a;} € R"
is a positive diagonal matrix, B = (b;j)nxn € R™ is the
connection weight matrix, C' = (¢;j)nxn € R", and E =
(€ij)nxn € R™ are the delayed connection weight matrices, d
is the constant neutral time delay.

The following assumptions are adopted throughout the paper.
Assumption 1: The delay 7(¢) is time-varying continuous
function and satisfies:

0<7(t)<77(t)<p<l @

Assumption 2: Each neuron activation function g;(-),i =

1,2,...,n,in (1) satisfies the following condition:

i< 8290 it vo ge R 8 G)
a—p

where 17,11, i =1,2,...,n are constants.

IR AR)
Based on Assumptlon 1 2, it can be easily proven that there

exists one equilibrium point for (1) by Brouwer‘s fixed-point
theorem. Assuming that y* = [yf,v3,...,y;]Tis the
equilibrium point of (1) and using the transformation
z() = y() — y*,;system (1) can be converted to the
following system :

(t)=—Ax(t)+Bf(x(t)+Cf(z(t—7(t)))+ Ei(t — d)

4)
where
a(t) = [z1(t), 22(t), ..., 2n (O], f(2(1) = [fi(z1(2)),
fa(@2(t)), ., fal@a(t)]”,
f’b(zl()):g( ()+yz) gi(y;k)vi:172v"'vn
From Eq.(3),f;(-) satisfies the following condition:
l; fli) IF Yo #£0,i=1,2,. 5)
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Due to the disturbance frequent occurs in many applications,so
by translating A, B, C and E to function A(¢), B(t), C(t) and
E(t) respectively,we have

i(t) = —A)z(t) + Bt) f(z(t) + C#) f(z(t — 7(1)))
FE(t)i(t — d)
(6)

Assumption 3: Assumption that A(t) = A+ AA(t), B(t) =
B+ AB(t),C(t) = C + AC(t),and E(t) = E + AE(t)
AA(t), AB(t), AC(t), AE(t) are unknown constant matrices
representing time-varying parametric uncertainties, and are of
linear fractional forms:

[AA(t)a AB(t)7 AC(t), AE(t)] = DF(t)[Eaa Eb7 Eca Ee}
@)

with

FTt)Ft) <1 (®)
where D7E~(L,E~1,,E~C,E~e are known constant matrices of
appropriate dimensions.

Lemma 1 [27].For any constant positive-definite matrix
M € R™ ™ and hy < hs, the following inequalities hold:

ho rha

j:(s)ds)TM(/

h1

z(s)ds)
)

Lemma 2 (Schur complement [28]).For any constant matrix

(hg—hl)/hhzbe(s)M:t(s)dsz(/

1 hi

Hy,Hy,Hs,where H; = H{ and Hy, = HI > 0.Then
_ . . |H, HY
H, + HI Hy'Hy < 0 if and only if [H3 _]32] < 0 or
—H, Hs
HI H, <0.

Lemma 3 [29]. Given symmetric matrices 2 and Dy, D, of
appropriate dimensions, Q + Dy F(t)Ds + DI FT(#)DT <0
for all F(t) satisfying FT(¢t)F(t) < I, if and only if there
exists some £ > 0 such that Q +e~'D; DT +eDI'D, < 0.

III. MAIN RESULTS

In this section, a less conservative delay-dependent
stability criterion is obtained on the condition of
AA(t) = AB(t) = AC(t) = AE(t) = 0 in system (6). For
representation convenience, the following notations are
introduced:

Ly = diag{l{,l5,...,1,

Ly = diag{l{,15,....1T}

L3 = diag{l{ 13,1515, ..., LF

[ R l;+l;}
T R

Theorem 1 Given that the Assumption 1-2 hold,the system (6)

globally asymptotically stable if there exist symmetric positive

definite matrices P, Q1, Q2, Q3, Q4, R1, Ro, R3, Gu Gz

*  Gag
positive diagonal matrices W = diag{w; }, A = diag{d;},

Ly = diag{

No:6, 2014

K, Ko with appropriate dimensions, such that the following
LMIs holds:

(1 0 Q3 Ry Ry Q5 7 s —ATER]
* 922 0 0 0 0 K2L4 0 0
* * Qgg 7012 0 0 0 0 0
* * * Q0 0 0 0 0
0= * * * * 955 0 0 0 0 <0
* * * * x Qg Qg7 Qs BTR
* k% * ok Qr 0 C"R
* * * * * * * —Q4 ETR
| * * * * * * * * —R |
(10)
where
Q1 = —PA— AP — 2(LoA — LiW)A 4+ Q1 + Q3 + G11
—Ri— Ry — Ry — K13
Q3 =G+ Ry
Qg = PB— AW — A) + (LyA — LiW)B + K1 Ly
Q7 = PC + (LQA — L1W)C
Qg = PE + (LeA — LiW)E
Qoo = —(1 = u)Q1 — KaL3
Q33 =G — G11 — Ry
Qg = —Gop — Ry, Q55 = —Q3 — R3
Qe = 2(W — A)B + Qo — Ky, Qg7 = (W — A)C
Qes = (W = MNE, Qrr = —(1 — )Q2 — Ko,
2 4 2
R= %R1+%R2+dR3+Q4
Proof: Construct a new class of Lyapunov functional
candidate as follow:
4
Vi) = Z Vi(z+)
i=1
with
n i (t)
Vi(zy) = 27 () Pa(t) + 2 Zw,/ (fi(s) =1 s)ds
i=1 0
+2) 6 / (I s — fi(s))ds
i=1 0
¢ ¢
Va(wr) = [ Qo) + / RRCOLNEO2
t—7(t t—7(t

¢ t
/ 27 (5)Qsx(s)ds +/ i (5)Qui(s)ds
t—d t—d
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|

/ / s)R1z(s)dsdf
t+0
+d// s)R3i(s)dsdf
t+0
/ / s)Roi(s)dsdf
t+0

Then, taking the time derivative of V'(z;) with respect to ¢
along the system (6) yield

z) = Z Vi(l‘t)
where
V() = 227 (£) Pi(t) + 2(f (x(t)) — Laz(t))" Wi(t)
+ (Loa(t) = f(x(t)))" Ad(t)
(11)
Va(zy) = 2 (1)(Q1 + Q3)z(t) — 2T (t — d)Qsz(t — d)

— (A= (t=7()Qua(t—T(t) + [T () Q2 (x(t))
= (=T (@t = () Q2f (2(t — 7(1)))

T (H)Qai(t) — &7 (t — d)Qui(t — d) "
) = .I'(t) Gll G12 x(t)
Vs (1) Ly(t—%)} { x GQQ] Lv( —g)} 1)
_ x(t,l) T G11 G12 l‘( -7
) e | )
Vi(z) = &7 (H) Ri(t) — g/ﬁ_l 7 (s)Ryi(s)ds
2r 1 T t .
A x (S)Rgx(s)ds—d/t_d (s)Rs(s)
(14)
Using Lemma 1, we can obtain that
fgﬁi () Ryit(s)d s
< ~[o(t) ~ 2(t ~ DI Rafilt) — ot — 3]
2r [!
- = 7 (s)Roi(s)ds
3 Je-z ) (16)
< —fa(t) - a(t = )" Rale(t) — alt - )]
—d/t_d:tT(s)Rgzi(s)ds (a7

< —[a(t) = a(t — &))" Ryz(t) — x(t — d)]

2517-9934
No:6, 2014
For positive diagonal matrices K;,7 = 1,2, we can get from
(5) that
zt) 1" {leLg K1L4] { 2(t) } 8
P M S o
[ w(t —7(t)) } {*Kst K2L4} { a(t—7) |2,
fla(t —7(1))) * —Ka | [f(x(t—7(t)] ~
19
From (11)-(19), we can obtain that:
Vi(ar) < €7 (OTIE() (20)
where
€7(0) = &7 (6) 7 (¢~ 7(0), 7 (¢ = 2), 2T (6~ o),

a(t = d), [T (@), f (2(t = 7(1))), &7 (¢ — d)]
m1 0 m3 Ry Rz me w7 718
* 7292 0 0 0 0 K2L4 0
* * 733 —G12 0 0 0 0
oo |* * * ™ 0 0 0 0
* % % x w55 0 0 0
* * * * * T66 Te7 T68
* ok % * * % T 0
x k% * x % x  Tgg

w1 = —PA— AP — 2(LoA — LiW)A+ Q1+ Qs + G11
~ Ry — Ry — R3— K L3 + ATRA

m13 = G2+ Ry

76 = PB — AW — A) + (LyA — LiW)B + K, L, — ATRB

717 = PC + (LyA — LiW)C — ATRC

mg = PE + (LoA — LiW)E — ATRE

oy = —(1 — u)Q1 — K> L3

m33 = Gaa — G11 — Ry

myy = —Gog — Ry, ms5 = —Q3 — R

766 = 2(W — A)B+ Qs — K1 + BTRB

767 = (W — A)C + BTRC

m6s = (W — A)E + BTRE

1)Q2 — Ko + CTRE,

w7 = —(1—

TRy — *Q4 + ETRE

Using Lemma 2, we can obtain that V(z;) < 0 on the
condition of (10), therefore, the system (6) is asymptotically
stable. This completes the proof. u
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Remark 1 Firstly,in this paper,dividing the delay interval
[0,7] into three different ones [0, %], (%, %], 5. 7];
Secondly, constructing new Lyapunov functional which
contains some new integral terms.It have potential to yield
less conservative results.
Based on Theorem 1, we have the following result for
uncertain neutral-type neural networks with time-varying
delay.
Theorem 2 Given that the Assumption 1-3 hold,the system
(6) globally asymptotically stable if there exist symmetric
G11 G2

*  Gog|’
Ry, Ro, Rs,positive diagonal matrices W = diag{w; }, K1,
Ko, A = diag{d;} with appropriate dimensions, and a scalar
€ > 0 such that the following LMIs holds:

positive definite matrices P, Q1, Q2, @3, Q4,

Q v 0T
* —el 0 | <0 21
* * —el

where

U=[PD + (LyA — LiW)D, 0y xcan, (W — A)D, 0,52, DT R]

o = [_Em 0n><4n7 Eln Eca Eca On}

Proof:  Replacing A,B,C,E in (10) with
A + DF(t)E,,B + DF()E,,C + DF({t)E.,E +
DF(t)E, respectively,(10) is equivalent to the following
condition:

Q+UF)D + T FT(1)vT <0 (22)

According to Lemma 3, one can obtain (22) is equivalent to
the following inequalities on the condition of F' (¢)F(t) < I:

Q4+ 007 42070 < 0 (23)

Using Lemma 2,we know that (23) is equivalent to (21). This
completes the proof.
|

Remark 2 In this paper, Theorem 1 and Theorem 2 require
the upper bound p of the time-varying delay 7(t) to be
known. However, in many cases p is unknown, considering
this situation, we can set Q1 = Q2 = 0 in V(z;), and
employ the similar methods in Theorem 1 and Theorem 2,
we can derive the delay-derivative-independent and
delay-dependent stability criteria.

IV. EXAMPLE

Example 1 Consider delayed neutral-type neural networks
(6) with the following parameters:

A:{m 07} ,37{0'0503 0.0454} C— [0.2381 0.9320}

0 07777 0.0987 0.2075] "7 ~ |0.0388 0.5062
12135 0 | 5 _ 5 = =
E= {—0.3412 0.2257] Ba=By=Be=Be=1

The neuron activation functions are assumed to satisfy
Assumption 2 with L; = diag{0,0}, Ls = diag{0.3,0.8}.

No:6, 2014

TABLE I
ADMISSIBLE UPPER BOUND T FOR DIFFERENT d AND 1.

Method Theorem 1
d=0.1,p=0.2 3.4055
d=03,u=0.4 4.0657
d=0.5,1=0.6 4.3121
d=0.7,u=0.8 4.5602

In this example, by applying Theorem 1 and solving the
LMI (10) using MATLAB LMI Control ToolBox, we can
obtain the maximum allowable upper bounds of delay for
various of d and p. From Table I, it can be seen that our
results show significant improvements and less conservative.

V. CONCLUSION

In this paper, the problem of stability analysis for delayed
neutral-type neural networks with uncertain paramters has
been investigated. By choosing new Lyapunov-Krasovskii
functional, dividing the delay interval into multiple segments
, and combining linear matrix inequalities (LMI) techniques,

Ttwo new sufficient criteria ensuring the global stability

asymptotic stability of delayed neutral-type neural networks
is obtained. Finally, one example is given to show the
effectiveness of our obtained criteria.
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