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Abstract. As an important tool to study practical problems of biology, engineering and image
processing, the cellular neural networks (CNNSs) has caused more and more attention. In this paper,
by means of iterative analysis, the existence of periodic solution and the uniform stability of the
equilibrium point of Hopfield cellular neural networks with impulsive effects are considered. Some
new results are obtained.

Introduction

Cellular neural networks (CNNS) is formed by many units called cells, the structure of the CNN
is similar to that found in cellular automata, namely, any cell in a cellular neural network is
connected only to its neighbor cells. A cell contains linear and non-linear circuit elements, which
typically are linear capacitors, linear resistors, linear and nonlinear controlled sources, and
independent sources. The circuit diagram and connection pattern modelling a CNN can be found in
[1,2]. Recently, due to the CNNs' applicability in image and signal processing, vision, pattern
recognition and optimization, which have been paid much attention. Extraordinarily, the stability
and equilibrium properties of cellular neural networks introduced in [3] have been investigated by
many researches [4-6] where most of the results derive the conditions for uniqueness and global
asymptotic stability of the equilibrium point for CNNs.

In this paper, we are concerned with the existence of periodic solution and the uniform stability
of the equilibrium point for Hopfield CNNs with impulsive effects. Different from most of the
existing methods, we employ the iterative analysis method. Several previous results are improved
and generalized.

Preliminaries

In this paper, we consider the following Hopfield CNNs with impulsive effects:

:\::Ci dxét(t):' Xiét)Jré 3t (x; (1)}, thJ,
iDX' (tk)zx' (t:)_ Xi tl;)zHikXi(tk)’ t=t, (2.1)
i (1)=0 (1), t1 (-¥,0],

where a1 R, i,j=12,L,n, J=[0,+¥), 0=t <t <t, <L, J¢=J-{t.t,,L}, H, T C(RR),
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ki Zﬂgangtk =¥, i(t) is a real-valued continuous function defined on (-¥ ,0].The positive

constants Ci and Ri are the neuron amplifier imput capacitance and resistance, respectively; J; is the
constant input from outside of the network, n denotes the number of units in a neural network, Xi(t)
denotes the state of the ith unit at time t and is a continuous T-periodic function, f;(x;(t)) denotes the
output of the jth unit at time t, &; denotes the strength of the jth unit on the ith unit at time t,

Dx, (t, ) corresponds to the abrupt changes of the state at fixed impulsive moment t .

Let J, :[O,T],.]1 Ct, :{tl,tz,l_,tp},PC(Jl,R) ={x :J, ® R;X(t) is continuous everywhere except for
some ty at which x (t;) and x (t@) exig and X (tk) =X (t@),k =1,2,L, p} .With norm I =sup{|Xi (t):t1 \]l}’
then P is a Banach space.

* * * * T g . . . . .
We call constant vector X = (X] , X%, L, Xn) as the equilibrium point of system (2.1), if it satisfies the

following equation:

«(x)=0, t=t,.

In this paper, we assume that some conditions are satisfied so that the equilibrium point of system (2.1)
does exist.

In order to prove the stability of the equilibrium point of system (2.1), we just need to prove
the stability of zero solution of following system:

i (t)
R

i
i C yo(t
]

.{Dyi(tk = ik(yi(tk))’ t=t,
i ()=, ). t1 (-¥,0].
i

+jai 8,9, (yj (t)) th J¢

wheregj(yj (t)): fj(yj (t)+x}“)- fj(x].“),Gik( i(tk)):Hik(yi (tk)+xi*),fi(t):j (t)- x/.Let

||F||=max[ sup f, (1) :1,2,L,n}, ||y||=max[ sup |y, (t). :1,2,L,n}.
OEt<+¥

-¥<t£0

Definition A piecewise continuous function x(t)T P,:[0,T]® R"is called a T-periodic solution of
Eq.(2.1), if
(1) X(t) satisfies Eq.(2.1) fortT (-¥,T];

(2) x(t)=x(t+T) for tI R*;
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(3) X(t) is continuous att * tk,X(tk) ( ) and X( ) exist for "t 1 J, Q{tk}.
The following are the basic hypotheses:
(H1) There exist constants L; >0 such that| f. (X])- f. (X2)| £EL |X] - X

2|5

(H2) There exist constants qix >0 such that| H. (X] ) - H, (X2 )| £q, |X] - X

2|5

We denote:
a |Ijl312,1|)_(,n{aij} D =T, D :IJ=12,1I)—(,n{Di}’ Ql_kaz.lqlk
i 0 a I u
EPCC L - falor |
F= I_Illll_nn|§1 e 'Qici)_'/’A;n]qixiJ:] — y, D = max | =y
i=LL,n.. g — 710 4 i=LL,n.. 5@ — 710 4
o b [ gl-e G 4 igl-e% <Gy
i g b i g b
naD”*
(H3) 0< A<l 0< L o

Lemma2.1Lety(t) =gy (t),y,(t),L,y,(t )HT be a T-periodic solution of EQ.(2.2), then it can be

presented as

yi(t):(:)T 1 g’s)éajgj (v, (S))dSJ’é g (tt)Gu (v (t)), tT 3,
where
o (ts)=— ietR 0ESELET, _ |
1-e§%e . 0Et<sET.
Main results

Theorem 3.1 Suppose that hypotheses (H;)-(H3) hold, then the problem (2.2) has a unique
T-periodic solution y(t) = gy, (t), y, (t), L.y, (t)§ on[0,T], and

||y,||P Ji=12,L.n (3.1

Proof. We define the iteration

- ;@9'(ts)aa, (@) B att)e, (™ 6)
| H|F th (-¥,0],
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.‘I. N gi (t,S) On
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T z
D|F|+|F| & . D|F
l-e-ﬁici = l_eCiR
S

H yi(2) - yi(l)

Again, using induction, we can get that

CEA(A+ID[F|. [y v

_EA(A+1)D]F].

Hyi(mn)_ yl(m) PEAm(A"'l)D”F , m=0,1,L, i:1’2’|_’n_
n+ 3 m+ m 2D F
e, £ &y (- v @]+ 0] 28]
m=0
Forany pi N.n+p ni =1,2,L,n,we have|y™® (t)- y/" (t)|£1AnA(1+A)D||F||.

(m) . . . (m) —
Therefore, the sequence{yi (t)} is uniformly convergent on [0, T], let &@m}é Y, (t) Y, (t),

obviously, Vi(t) is a T-periodic solution to the initial value problem (2.2), which satisfies the
inequality (3.1). This completes the proof of Theorem 3.1.

Theorem 3.2 Suppose that the hypotheses (H;)-(Hs) hold, then the zero solution of the initial value
problem (2.2) is uniformly stable.

Theorem 3.3 Suppose that the hypotheses (H;)-(Hs3) hold, then the equilibrium point of the initial
value problem (2.1) is uniformly stable.
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