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a b s t r a c t

In this paper, the asymptotic stability problem is studied for a class of stochastic Cohen–
Grossberg neural networks with reaction–diffusion and time-mixed delays. By using the
Lyapunov–Krasovskii functional, stochastic analysis technology and linear matrix inequal-
ities (LMIs) technique, several sufficient conditions on the asymptotic stability for the con-
sidered system are obtained. The condition not only connects with the delays and diffusion
effect, but also relates to the magnitude of noise. Therefore, these stability criteria are
essentially new and more effective than those given in previous conditions. Two examples
are presented to illustrate the effectiveness and efficiency of the results.

� 2014 Elsevier Inc. All rights reserved.

1. Introduction

Since Cohen–Grossberg neural networks were proposed by Cohen and Grossberg in [1], Cohen–Grossberg neural net-
works have received much research attention due to their extensive applications in signal processing, image processing, pat-
tern recognition, fault diagnosis, associative memory, combinatorial optimization, and so on. However, time delays are
unavoidably encountered due to the finite switching speed of neurons and amplifiers. It has been found that, the existence
of time delays may lead to instability and oscillation in a neural network. Therefore, stability analysis of Cohen–Grossberg
neural networks with time delays has received much attention, for example, see [2–6] and references therein.

The reaction–diffusion neural networks were firstly introduced by Chua in order to study passivity and complexity in [7].
Strictly speaking, the diffusion effects cannot be ignored in neural networks when electrons move in a nonuniform electro-
magnetic field [8]. Itoh and Chua had further investigated the complexity of reaction–diffusion neural networks with various
boundary conditions in [9]. In 2003, a class of reaction–diffusion Hopfield neural networks with the Neumann boundary con-
ditions was introduced and the global exponential stability of this network was studied [10]. Since then, much works have
done on this subject, some results on global asymptotic stability, global exponential stability and periodic solutions for the
reaction–diffusion neural networks with various delays and the Neumann boundary conditions, see [11–15] and references
therein.

Stochastic effects usually are unavoidable, as Haykin [16] pointed out that the real nervous systems synaptic transmission
is noisy process brought on by random fluctuations from the release of neurotransmitters and other probabilistic causes. In
recent year, many interesting results on the stability of stochastic neural networks with delays have been reported, see, e.g.,
[17–20] and the references therein.
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Therefore, it is necessary to consider stochastic effect, diffusion effect and delay effect on the stability of neural networks.
However, in [21,22] all criteria on stability for reaction–diffusion neural networks were independent of the diffusion effect.
In other words, we do not know the reaction–diffusion phenomenon how to affect stability of neural networks. Recently, in
[23,24], the authors proposed some reaction–diffusion delayed neural networks with Neumann boundary conditions and
Dirichlet boundary conditions, respectively, and obtained some diffusion-dependent criteria on stability for the formulated
neural networks. These criteria show that the diffusion phenomenon is beneficial to the stabilization of neural systems.

As we know, LMIs can be easily checked by using the MATLAB LMI Control Toolbox. However, to the best of our knowl-
edge, few LMI-based stability results have investigated stochastic Cohen–Grossberg neural networks with mixed time-vary-
ing delays, reaction–diffusion terms and the Dirichlet boundary conditions. Inspired by the above discussions, the objective
of this paper is to study the asymptotic stability for a class of stochastic Cohen–Grossberg neural networks with mixed time-
varying delays and diffusion. By using the Lyapunov–Krasovskii functional, stochastic analysis technology [25], Ito’s formula
and LMIs technique, several sufficient conditions on the asymptotic stability for the considered system are obtained. These
results extend and improve the earlier publications.

Throughout this paper, Rn and Rn�n denote the n-dimensional Euclidean space and the set of all n� n real matrices, respec-
tively. The superscript T denotes the transpose of a matrix or vector; trð�Þ denotes the trace of the corresponding matrix and I
denotes the identity matrix. kmax and kmin denote the maximum and the minimum eigenvalues of a real symmetric matrix. �k k
stands for the Euclidean norm. diagð�Þ stands for the diagonal matrix. � represents the elements below the main diagonal of a
symmetric matrix. P > 0 means that is a real symmetric positive definite matrix. Define the norm

kyðt; xÞk2 ¼
Pn

i¼1kyiðt; xÞk
2

� �1=2
, where kyiðt; xÞk ¼

R
S yðt; xÞj j2dx

� �1=2
for any yðt; xÞ 2 L2ðR� S;RnÞ. The noise perturbation r

is the noise intensity matrix; xðtÞ ¼ ðx1;x2; . . . ;xn; Þ is an n-dimensional Brownian motions defined on a complete proba-
bility space ðX;F ; PÞ with a natural filtration F tf gt P 0ðF t ¼ rfxðsÞ : 0 6 s 6 tÞgÞ. Take s ¼maxfs1ðtÞ; s2ðtÞg and
Cð½�s;0�; RnÞ denotes the family of continuous function / from ½�s;0� to Rn with the uniform norm
/k k ¼ sup�s 6 s 6 0 /ðsÞj j. ðX;F ; PÞ be a complete probability space with a filtration F tf gt P 0 satisfying the usual conditions

(i.e. the filtration contains all P-null sets and is right continuous). Denote by L2
F0
ð½�s;0�; RnÞ the family of all F t measurable,

Cð½�s;0�; RnÞ valued stochastic variables / ¼ f/ðs; xÞ : �s 6 s 6 0g such that
R 0
�s E /ðsÞj j2ds <1, where E½�� stands for the

correspondent expectation operator with respect to the given probability measure P.

2. Problem formulation and preliminaries

Consider the stochastic Cohen–Grossberg neural networks with mixed time delays and reaction–diffusion terms
described by the following differential equation:
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or, in a compact form:
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where A ¼ ðaijÞn�n; B ¼ ðbijÞn�n and C ¼ ðcijÞn�n are the connection weight strengths. x ¼ x1; x2; . . . ; xmð ÞT 2 S � Rm,

S ¼ fxj xkj j 6 Lkg; Lk is a constant ðk ¼ 1;2; . . . ;mÞ. yðt; xÞ ¼ y1ðt; xÞ; y2ðt; xÞ; . . . ; ynðt; xÞð ÞT , yiðt; xÞ is the state variable of the
ith neuron at time t and in space variable x. að�Þ represents the amplification function; bð�Þ is the behavior function;

f ðyðt; xÞÞ ¼ f1ðy1ðt; xÞÞ; f2ðy2ðt; xÞÞ; . . . ; fnðynðt; xÞÞð ÞT ; f jðyjðt; xÞÞ; gjðyjðt; xÞÞ and hjðyjðt; xÞÞ denote the activation functions of
the jth unit at time t and in space variable x. The smooth function Dk ¼ diagðD1k;D2k; . . . ;DnkÞ;Dik P 0 is a diffusion operator,
S is a compact set with a smooth boundary @S of class C2 and measure mes S > 0 in Rm. s1ðtÞ; s2ðtÞ are the time delays.

Throughout this paper, we make the following assumptions.

Assumption 1. There exist positive constants a0
i ;a

1
i ði ¼ 1;2; . . . ;nÞ such that

0 < a0
i 6 aiðyiðt; xÞÞ 6 a1

i

for all x 2 R; i ¼ 1;2; . . . ;n.

Assumption 2. There exist positive constants liði ¼ 1;2; . . . ;nÞ such that
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