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Abstract: In this paper, we investigate the adaptive projective synchronization problem of delay neural net-
works with unknown parameters and noise perturbation. An adaptive updating law for unknown parametersis
designed based on the lapunov stability method. Severa criteria are established to guarantee the synchroniza-
tion of master and slave delay neural networks system with adaptive update parameters and stochastic noise.
In the end, simulation result is given to show the effectiveness of built theory in this paper.
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1. Introduction

It is well known that neural networks have been widely
used in many fields, such as image restoration!”), optimi-
zation problem?®, secure communication®* and so on,
which have attracted more and more attention. The drive-
response synchronization method is first proposed by
Popar and Calk [, which can effectively control chaos
system. Therefore, the synchronization of chaotic neural
networks has been developing rapidly. At present, a
number of synchronous definitions of different types of
neural networks have been proposed (see [*).

However, when the response system is constructed ac-
cording to the drive system, the system is described as an
uncertain system because the parameters of the drive
system are un-measurable or measurement error. Besides,
noise disturbance and time delay are unavoidable effects
in nature, which may cause some instability of neural
networks. Therefore, the study of neura networks with
parameter uncertainties, noise perturbations and time
delays has high application value and research prospects.

At the same time, the stability analysis of Neural Net-
works with unknown parameters, noise disturbance and
time delay has not been given enough attention. There-
fore, we use special Lyapunov function to study the
adaptive projective synchronization of neural networks.
Then we use the LASHALL invariance principleto trans-
form the synchronization problem into an optimization
problem which is easy to solve ™. Finally, a numerical
example is given to illustrate the effectiveness and effec-
tiveness of the stability condition.

2. Problem Formation

Consider the delay neural networks as follows:

dx(t) =[- Cx(t) + Af (x(t)) + Bf (x (t))]at D

where x(t) =[x (t), %, (t),....x, ()" T R" represents the
state vector of the neural network; n is the total number
of neurons;, C =diag(c,,c,,...,C,) iS positive matix;
A=(a)yn B=(0);,1 R"" is the connect weight
and delay connect weight matrix; f represents activa-
tion functions, and satisfy

f(x() =[ L, ), F,06@),.. f,06,N]' T R,
f(x (1) =[ £,00- t ), F06E-t O, f,(,E-t ON] T R,

Where t (t) is the transmission delay and satisfy that
o<t (t) <t ,th(t) <t .

The dave system with unknown parameters, noise per-
turbation and delay is given asfollow:

dy(t) =[- Cy(t) + Af (y(t)) + Bf (y; (1)) +U]dlt
+H (L, y(t) - hx(t), Y, (t)- hx (1))dw(b),

where C=C+DC, A= A+DAand B=B+DB, are the
estimations of unknown matricesC , A and B; w(t) isan
n-dimensional Brown motion satisfied E{dw(t)} =0 and
E{[dw(t)]?} = dt, U isacontroller.

In order to develop our main results, we give the follow-
ing assumptions and lemma.

Assumption 1. Thereisaconstant |, to make the neuron
activation functions f(x) in (1) and (2) meet following
conditions:

[f.(y)- f.()|£1,|y-hx, x,yT Rand | >0.
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Assumption 2. For the function H(t,x,y) , there aways
exist appropriate constant matrices G,,G, satisfying
traceH' (t,x, y)H (t, X, y)]EHGleZ+HGzyH2,(t,x, Wi R R R
Assumption 3. The initid data of system (1) and (2) are
f(0)° Ot (t,0,0)° O.
We define the synchronization error as e(t)=y(t)-hx(t),
where h=(h,h,,..,h) is a scaling vector which
represents the proportion of projection, x(t), y(t) are state
variables of drive system (1) and response system (2).
Then the error system can be derived as
de(t) =[- Ce(t) + AT (y(t)) - hf (x(t))) + B(f (y; (1)) - hf (x ()))
- DOY() + DAF (y(1)) + DB (y (1)) +U]ct (3)
+H(t elt). g (1)dw(t)
The controller U is chosen as
U = A(hF(9- f () + B(F (x (1) - f (X (1)) - Kie®) (4)
where K, isthe feedback gain matrix.

3. Main Results

In this part, the main goal isto design a controller to rea-

ize projective synchronization between the master system

(1) and the system (2). We have the following result.

Theorem 1. Let Assumptions 1 to 3 hold. If there exist

arbitrary positive constants r,,r, and positive definite

matrix Q such that the following conditions are satisfied:
&, MA mB nLo

SmA 2m 0 O :
(1) ¢ T<0, where

¢mB 0 2m 0+

Sk 0 0 2my

X11:G1TGl' Kl' C+Q+r1|N'
) %m‘lLTL +GlG,- (1-®)Q<r,l,

3r,>r,

and the adaptive law of unknown parameters are de-
signed as

1D¢ =n,g 1)y, (1)

i Déij =-V;8 (t) fj (yj (t)),
100, ==& (), (y, (t- t ),
Then the systems (1) and (2) are achieve projective syn-
chronization.

Remark 1. In this paper, when h=(1,1,...,.1), we can
achieve complete synchronization for delay neura net-
works with noise perturbation and unknown parameters.
When h=(a,a,...,a)anda <0 it converts to genera
anti-projective  synchronization for neural networks;
When a =-1, it becomes anti-synchronization for neur-
al networks.

Remark 2. The function adopted in this paper can aso be
applied in many complex systems which are related to

i,j=12L,n, (5)

synchronization of known parameters master and slave
system. We can derive some corollaries as follows.
Corollary 1. Under Assumption 1-3, system (1) and sys
tem (2) is projective synchronization, without time-delay,
if there exist ahitrary positive  constants
n, vyandg;, (i,j=12..,n) saisfying(5), and the
feedback gains K, of controller U satisfying the follow-
ing condition:

%mATA+%nLTL +G/G, - K, - C<0.

Corollary 2. Under above assumptions, system (1) and (2)
is projective synchronization without noise perturbation,
if there exist arbitrary positive constants

n, vyandg;, (i,j=212..,n) saisfying (5), and the
feedback gains K, of controller U satisfying the follow-
ing condition.

%mATA+%nLTL +G/G,- K- C+Q<0.

4. lllustrative Example

In this section, an example is present to show the effec-
tiveness of our main results. Consider about the systems
(1) and (2) with the following parameters.

@1 06, @l8 -0126_ a14 -016
g0 115 §&50 295 §&028 -254

é_aﬁl OC'.)"_@M azéé_aéh 6129
_(; A Y _g,\ A TP TR A
0 Gg &3y ayg b, b,z

f (X) =tanh(x(t)) andt =1. The parameters of simula-
tion are;

Ny =N, =5V, =V, =V 5=V 5, =5, Oy =0, =0y =0, =5,
T=[0,500] and h=[h, h,]" =[1.2, 1.3]
Theinitia conditions of simulation are:

[%(9) % (9" =[04 0.6]",[y(9) v, (9" =[-0.8 05",
for sl [-1,0].
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Figure 1. Projective synchronization error of system (1)

and (2)
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Figure 2. Parametersvariation in the dave system

The simulation results are shown as Fig.1-Fig.2. Fig.1 is
the trgjectories of error system (3); Fig.2 represents the
variation of unknown parametersin the dave system.

5. Conclusion

Throughout this paper, we study the adaptive projective
synchronization of delay neura networks with unknown
parameters and noise perturbation. By using the Lyapu-
nov stability theory a sufficient conditions has been pro-
posed to guarantee the projective synchronization of the
master and dave systems.
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