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ABSTRACT  16 
We establish the sufficient conditions of complete synchronization with probability 1 in the 
coupled bidirectional piecewise linear chaotic systems with common or different Poisson 
noises and the positive effects of Poisson noises on the complete synchronization will be 
found based on the proposed theoretical results. We compare the effects of Poisson noise 
on the complete synchronization with the case of Gaussian white noise, and then we claim 
Poisson noise can induce complete synchronization easier than Gaussian white noise in the 
sense of noise strength. Furthermore, a numerical example is presented to show the 
excellent agreement between theoretical and numerical analysis. 
 17 
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1. INTRODUCTION  21 

 22 

The synchronization in chaotic systems plays a key role in many different fields, especially 23 

the complete synchronization of bidirectionally coupled piecewise linear chaotic systems 24 

with random perturbations [1-9]. 25 

Recently, noise-induced complete synchronization was considered since multiplicative 26 

and/or additive noises are ubiquitous in natural and synthetic systems [10-12]. One of the 27 

remarkable discoveries is that sufficient conditions of complete synchronization between two 28 

unidirectionally coupled chaotic systems with Gaussian white noises have been presented in 29 

[13, 14]. Later, Xiao and his co-workers analyzed the effects of Gaussian white noises on 30 

the complete synchronization of bidirectionally coupled piecewise linear chaotic systems 31 

which can describe a number of natural and synthetic systems, such as laser systems, 32 

electronic circuits, chemical and biological systems [15-17], and they found that Gaussian 33 

white noises had positive effects on the complete synchronization of such systems [4, 6].  34 

Gaussian noise can be used to model different kinds of random fluctuations [18, 19, 28-30], 35 

however, it will be not appropriate while there exist large external and/or internal fluctuations 36 

in some practical situations and environments [20-26]. Fortunately, Poisson noise can depict 37 

random jumps which will converge to Gaussian distribution under general conditions, and it 38 

is a natural model for large external and/or internal noise sources such as storage systems, 39 



 

economic systems, biological systems and so on. Xu and Feng et al. have obtained some 40 

good results in biological systems with jumps [25-26]. Meanwhile, the behaviors of the 41 

dynamical systems with Poisson noises are very different from the stochastic systems with 42 

Gaussian white noise [18,19,31-33]. Therefore, it is important to investigate the dynamical 43 

behaviors, just like the complete synchronization phenomenon for bidirectionally coupled 44 

piecewise linear chaotic systems with Poisson noises.  45 

 46 

Given the limitations of Gaussian white noises and unique nature of the Poisson noises, we 47 

in this paper investigate the complete synchronization phenomena for bidirectionally coupled 48 

piecewise linear chaotic systems with Poisson noises to find the positive effects of noises, 49 

and the advantages of Poisson noises to induce complete synchronization will be 50 

considered. Later we will observe from the illustrative examples that numerical results agree 51 

well with theoretical analysis. 52 

 53 

2. PRELIMINARIES 54 

The following definitions apply: 55 

( )1
kC R        - the space of the functions with continuous first partial derivatives on kR . 56 

( )k
bC R       - the space of bounded continuous functions on kR .  57 

( )1 k
bC R       -the subspace of ( )k

bC R constituted by the functions with continuous first 58 

partial derivatives. 59 

( )0
1

kC R R+× -the class of functions ( ),V x t  which have continuous first partial 60 

 derivatives on kR R+× except possibly at the point 0x = . 61 

 62 

2.1 The solution of Poisson stochastic differential equations (SDEs) 63 

   Consider SDEs of the following form: 64 
         ( ) 0 0( ) ( ( ), ) ( ( ), ) , ( ) ,dX t b X t t dt X t t dP t X t Xσ= + − =                           （1）  

65 

where  66 

(C1) ( )X t  is a process with values in kR ,   67 

( )( , ) : ; , :k k k k mb x t R R R x t R R R Rσ+ +× → × → × , 68 

The coefficients ( , )b x t  and ( ),x tσ  are Borel functions and satisfy the usual 69 

conditions of the existence and uniqueness theorem:  70 

0, ,kx y R t t∀ ∈ ≥ , 1 2,K K  are constants, 71 

( ) ( ) 1( , ) ( , ) , ,b x t b y t x t y t K x yσ σ− + − ≤ − , 72 

( ) ( )22 2

2( , ) , 1b x t x t K xσ+ ≤ + . 73 

(C2) ( ) 0
( )

t
P t

≥
 is a m-dimensional Poisson process with parameter ( )1 2, ,...,

T

mλ λ λ λ=  and 74 

(0) 0P =  with probability 1. 75 

(C3) Random variable 0X  is independent of ( ) 0
( )

t
P t

≥
such that ( )2

0E X < ∞ . Then we 76 

have the following conclusions for the solution process of Eq.(1) [32]:  77 

(i) There exists a unique adapted solution process ( )0 0, ,X t X t  of Eq.(1), which has 78 

right continuous sample paths with left limits and 0T t∀ > , 79 



 

[ ]
( )

0

2

0 0
,

sup , ,
t t T

E X t X t
∈

  < ∞
 

. 80 

(ii) Ito’s formula  81 

Let m
iv  be a m -dimensional vector with 1 in the i th component and zeros elsewhere 82 

and ( ){ }X t  is the solution process of Eq.(1), then ( )1
kV C R R+∀ ∈ × , 83 

   

( )( ) ( )( ) ( )( ) ( )( ) ( )

( ) ( )( )( ) ( )( ) ( )
1

1

, ,
, , ( , )

                    , , , .

kt t

is s
i i

m t m
i is

i

V X u u V X u u
V X t t V X s s du b X u u du

u x

V X u X u u v u V X u u dP uσ

=

=

∂ ∂
= + +

∂ ∂

 + − + − − − 

∑∫ ∫

∑∫

 84 

(iii) Let A%  be the extended weak infinitesimal operator of the process 85 

( ){ }0 0, ,X t X t , and ( )1 k
bV C R R+∀ ∈ × ,we define the operator D : 86 

    ( ) ( ) ( ) ( ) ( )( ) ( )
1 1

, ,
, , , , ,

k m
m

i i i
i ii

V x t V x t
V x t b x t V x x t v t V x t

t x
λ σ

= =

∂ ∂
 ≅ + + + − ∂ ∂∑ ∑D , 87 

then A =% D  [31-33]. 88 
2.2 Some Basic Cocepts 89 

Definition 2.1. A function ( ),V x t  is said to be positive definite (in Lyapunov’s sense) in 90 

kR R+× , { }: , 0 ,k
hS x R x h h= ∈ < > if 91 

(C4) ( )0, 0,V t t R+= ∈ , 92 

(C5) ( ) ( ), , ,hV x t W x x S t R+≥ ∈ ∈ , where ( ) ( )0 0, 0, 0W x W x= ≠ > .  93 

Obviouly, it is negative definite if ( ),V x t−  is positive definite. 94 

Definition 2.2. A function ( ),V x t  is said to be possessed of an infinitesimal upper limit, if 95 

( )
0 0

limsup , 0
x t

V x t
→ >

= . 96 

Definition 2.3. The trivial solution ( ) 0X t ≡  of (1) is said to be  97 

(D1) stochastically stable, if for any 0 0, 0t ε≥ > ,  98 

( )
0 0

0 00
lim sup , , 0
X t t

P X t X t ε
→ ≥

 > = 
 

. 99 

(D2) global stochastic asymptotically stable, if it is stochastically stable and also for 100 

0 00, kt X R≥ ∈ ,  101 

( ){ }0 0lim , , 0 1
t

P X t X t
→∞

= = . 102 

Lemma1. (Global Stochastic Asymptotic Stability Theorem) Suppose that there exists a 103 

function ( ),V x t  which satisfies the following conditions: 104 



 

(C6) ( ) ( )0
1, kV x t C R R+∀ ∈ ×  is a positive definite function with an infinitesimal upper limit, 105 

(C7) ( ) ( ), , , kV x t x t R R+∈ ×D  is a negative definite function, 106 

then the solution to Eq.(1) is global stochastic asymptotically stable [32] . 107 

 108 

3. THE MAIN RESULTS 109 

 110 

In this paper, consider two bidirectionally coupled n-dimensional piecewise linear chaotic 111 

systems as follows 112 

( ) ( )
( ) ( )

1 1 2 1

2 2 1 2

,

,

x f x c x x

x f x c x x

= + −

= + −

&

&
                                                                                                      (2113 

) 114 

where c is a positive constant describing the coupling strength between two subsystems, 115 

( )1 2( , ..... ) 1, 2T n
i i i inx x x x R i= ∈ =  are state vectors, and 116 

( )1 2 3, , ...... :
T n n

nf f f f f R R= →  is a piecewise linear vector function describing the 117 

dynamics of a single oscillator. Moreover, we also require the piecewise linear 118 

function f satisfying the following assumption: 119 

Assumption: For any 1 2 1 2( , ..... ) , ( , ..... )T n T n
n nx x x x R y y y y R= ∈ = ∈  , there exists a 120 

positive constant l  satisfying  121 

( )( ) , ( , ) ( ) ( )T Tx y f x t f y t l x y x y− − ≤ − −   .                                                                  (3122 

) 123 

The above inequality (3) is usually called the global Lipschitz condition, and l  is called the 124 

Lipschitz constant. For the continuous smooth chaotic systems, it is difficult to find constant 125 

l , such as Lorenz system and Rössler system. While we can find the constant l  by 126 

inequality proof for some well-known piecewise linear chaotic systems, such as the famous 127 

Chua’s circuits [15],  the Rössler-like system [16], the cellular neural network (CNN) neural 128 

model [17], and so on. 129 

 Eq. (2) represents a classical model of two bidirectionally coupled oscillators, and now we 130 

introduce the noisy model as: 131 

( ) ( )( ) ( )
( ) ( )( ) ( )

1 1 1 2 1

2 2 2 1 2

,

,

x f x c d t x x

x f x c d t x x

ξ

ξ

= + + −

= + + −

&

&

                                                                                   (4132 

) 133 

where positive constant d  denotes the noise strength and 1 2,ξ ξ  are Poisson noises.  134 



 

We in this paper will study system (4) in two different cases: 135 

(Ⅰ) ( ) ( )1 2t tξ ξ= , i.e. two subsystems are affected by common Poisson noise. 136 

(Ⅱ) ( ) ( )1 2,t tξ ξ , are statistically independent, i.e. two subsystems are affected by different 137 

Poisson noises. 138 

3.1 Two bidirectionally coupled piecewise linear chaotic systems perturbed by 139 

common Poisson noises 140 

In this part, we consider the effect of common noises on the complete synchronization with 141 

probability 1. Actually, the two coupled systems (4) are said to achieve complete 142 

synchronization if 1 2 ( ),x x m t= = .t → ∞  Here ( ) nm t R∈  is a solution of a single oscillator 143 

with ( )m f m=& . We usually call ( )m t as a synchronization manifold, and here we will use 144 

( ) ( )( )1 21 2M t x x= +  instead of synchronization manifold ( )m t [27] with  145 

( ) ( ) ( ) ( )( ) ( )1 21 2M t f x f x G x= +& � .                                                                             (5146 

) 147 

Define the synchronization errors as ( ) ( ) ( ) ( 1, 2)i ie t x t M t i= − = , then one gets the error 148 

dynamic equations 149 

 
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )( )

1 1 2 1 2 1

2 2 1 2 1 2

,

,

e f x G x c e e d t e e

e f x G x c e e d t e e

ξ
ξ

= − + − + −

= − + − + −

&

&
                                                            (6150 

) 151 

where ( ) ( 1, 2)ie t i =  will satisfy:  152 

1 2 0e e+ = .                                                                                                                             (7153 

) 154 

The above Eq. (6) can be rewritten as a matrix form 155 

( ) ( ) ( ) ( )( )E t F x cC E H E P t= + +& & .                                                                                  (8156 

) 157 

Here ( ) 1

2

e
E t

e

 
=  
 

,
( ) ( )
( ) ( )

1

2

( )
f x G x

F x
f x G x

− 
=   − 

, ( ) 2 1

1 2

e e
C E

e e

− 
=  − 

, ( ) 2 1

1 2

e e
H E d

e e

− 
=  − 

, 158 

and ( ) ( )P t tξ=& . 159 

Theorem 1. If the coupling strength c , noise strength d , and constants l , λ  satisfy 160 



 

( )22 2 2 0,l c d dλ− + − <                                                                                                     (9161 

) 162 

then the coupled system (4) perturbed by common Poisson noises achieves complete 163 

synchronization with probability 1. 164 

Proof: The Eq. (8) can be expressed as 165 

( ) ( )( ) ( )( ) ( ).dE t F x cC E dt H E dP t= + +                                                                      (10166 

) 167 

According to Lemma1, we choose the positive function   168 

( ) ( ) ( ) ( )( )1 2 ,TV E E t E t=                                                                                               (11169 

) 170 

where ( )TE t  denotes the transpose of ( )E t . 171 

    Using the infinitesimal operator of SDEs driven by Poisson process to Eq. (11) along with 172 

system (10), we have 173 

( )( ) ( )( ) ( ) ( ) ( ) ( )( ) ( )( )( )V E t V E t E t F x cC E V E t H E V E tλ   = ∂ ∂ + + + −     D , 174 

where the derivatives of function  [4] ( )( )V E t  are ( )( ) ( ) ( )TV E t E t E t∂ ∂ = . 175 

Due to Assumption (3) and Eq. (7), then we obtain 176 

( )( )
( ) ( )( ) ( ) ( )( ) ( ) ( )

( ) ( ) ( )( ) ( ) ( )( )( ) ( ) ( )

( ) ( )( ) ( ) ( )( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

( )( )

1 1 2 2 1 2 1 2 1 2

1 1 2 2 1 2 1 2 1 2

1 2 1 2 1 2 2 1 1 1 2 2

2 2
2 1 2 1

1 2

1 2 [

T T T T

T T

T T T T

T TT T

T T

V E t

e f x f m t e f x f m t c e e e e e e

E t H E E t H E E t E t

e f x f m t e f x f m t c e e e e e e

de e e de e e d e e e d e e e

d e e e e d e

λ

λ

     = − + − + − + −    

 + + + −
  

     = − + − + − + −    

+ − + − + − + −

+ − − +

D

( ) ( )
( ) ( ) ( )

1 2 1 2

2

]

2 2 2 .

T

T

e e e

l c d d E t E tλ

− −

 = − + − 

 177 

Now, we employ the condition (9) and the positive definite function ( ) ( )TE t E t  to yield that 178 

( )( )V E tD  is a negative definite function. Thus, by Lemma 1, one can easily conclude the 179 



 

error equation (8) possesses a global unique solution denoted by ( )0 0, ,E t t E  for any initial 180 

condition. Obviously, ( ),0,0 0E t ≡  is a trivial solution of error system (8). Then, in terms of 181 

Definition 2.3, one can easily obtain ( )lim 0,
t

E t
→∞

= with probability 1, here, �  stands for 182 

Euclidean norm. Namely, the synchronization errors ( ) ( 1, 2)ie t i =  converge to zero as 183 

t → ∞  with probability 1.  184 

Consequently, we can conclude the coupled system (4) with common Poisson noises 185 

achieves complete synchronization with probability 1. 186 

This completes the proof of Theorem 1.                                  □ 187 

 188 

Remark 1.  189 

Now we wish to present some discussions on the advantages of Poisson noise compared 190 

with the case of Gaussian noise based on our proposed results. Xiao and Xu have 191 

presented that the two bidirectionally coupled piecewise linear chaotic systems driven by 192 

common Gaussian noise were synchronized with probability 1, if the noise strength d  193 

satisfies 22 2 0l c d− − ≤  ( ( )2 / 2d l c≥ − ) in Ref. 4. From their expression, we can see 194 

that, with the increase of noise strength, the complete synchronous effect will become much 195 

better. However, in our paper we conclude the same systems perturbed by common Poisson 196 

noise are synchronized with probability 1, if the noise strength d  satisfies 197 

( )22 2 2 0l c d dλ− + − < , namely  198 

( )( ) ( )( )1 1 2 / / 2 1 1 2 / / 2 1l c d l cλ λ− − − < < + − − ≤ . 199 

One can find, for fixed ,l c , noise strength d  in the two coupled systems perturbed by 200 

common Poisson noise is bounded. Our result seems rational since noise intensity should 201 

be very small in practical problems.  Therefore, to some extent, we can claim common 202 

Poisson noise is better than common Gaussian case in the sense of comparison of noise 203 

strengths to make the systems achieve complete synchronization.  204 

3.2. Two bidirectionally coupled piecewise linear chaotic systems perturbed 205 

by different Poisson noises 206 

  In this part we will study the effects of different Poisson noises on the occurrence of 207 

complete synchronization with probability 1. Similar to common Poisson noise case, we 208 

introduce the synchronization errors ( ) ( 1, 2)ie t i = , then one can get error equations 209 

 
( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

1 1 2 1 2 1 1 2

2 2 1 2 1 2 1 2

1 2 + ,

1 2 + ,

e f x G x c e e d e e t t

e f x G x c e e d e e t t

ξ ξ

ξ ξ

= − + − + −   

= − + − + −   

&

&

                                (12210 

) 211 



 

The above Eq. (11) can be written as a matrix form  212 

( ) ( ) ( ) ( )( )E t F x cC E H E P t= + +& & .                                                                                (13213 

) 214 

Here, the definitions of ( ) ( ),E t F t  and ( )C t  are same as in the Sec.3.1, 215 

( ) ( ) 2 1 2 1

1 2 1 2

1 2
e e e e

H E d
e e e e

− − 
=  − − 

, 
1

2

( )
( )

( )

t
P t

t

ξ
ξ
 

=  
 

& . 216 

Theorem 2. If the coupling strength c , noise strength d , and constants l , 1λ , 2λ  satisfy 217 

( ) ( )2
1 22 2 2 0,l c d dλ λ− + + − <                                                                                   (14218 

) 219 

then the coupled system (4) perturbed by different Poisson noises achieve complete 220 

synchronization with probability 1. 221 

Proof: Using the infinitesimal operator of SDEs driven by Poisson process to Eq. (11) along 222 

with system (13), one obtains 223 



 

( )( )
( )( ) ( ) ( ) ( ) ( )( ) ( )( )

( ) ( )( ) ( ) ( )( ) ( ) ( )

( ) ( ) ( )( )( ) ( ) ( ) ( )( ) ( ) ( )

( ) ( ) ( ) ( )( ) ( ) ( )( )( ) ( ) ( )

( ) ( )( )

2
2

1

1 1 2 2 1 2 1 2 1 2

1

2

1 1 2

( )

1 2 1 0 1 0

1 2 0 1 0 1

i i
i

T T T T

TT T T

TT T T

T

V E t

V E t E t F x cC E V E t H E v V E t

e f x f m t e f x f m t c e e e e e e

E t H E E t H E E t E t

E t H E E t H E E t E t

e f x f m t e

λ

λ

λ

=

 = ∂ ∂ + + + −    

     = − + − + − + −    

  + + + −    

  + + + −    

 = − + 

∑

D

( ) ( )( )
( ) ( )

( ) ( ) ( )( ) ( )( )( )
( ) ( )( ) ( )( )( ) ( )

( ) ( )( ) ( ) ( )( )
( ) ( )( ) ( )( )( ) ( )

( ) ( ) ( ) ( )

2

1 2 1 2 1 2

1 2 1 1 2 1 1

1 2 2 1 2 2 1 1 2 2

2 2 1 1 2 1 1

1 2 2 1 2 2 1 1 2 2

2
1 2

1 2 2 2

2 2

2 2 2

2 2

2 2 2 .

T

T T

T T

T T T T

T T

T T T T

T

f x f m t

c e e e e e e

d e e e d e e e

d e e e d e e e e e e e

d d e e e d e e e

d e e e d e e e e e e e

l c d d E t E t

λ

λ

λ λ

 − 

 + − + − 

+ − + − +


+ − + − + − +


+ − + − +


+ − + − + − +


 = − + + −   

 224 

Then for the coupling strength c , noise strength d , and constants 1 2, ,l λ λ , if the condition 225 

(14) is satisfied, then according to Lemma1, the trivial solution of system (13) is global 226 

stochastic asymptotically stable, and the synchronization errors ( 1, 2)ie i =  converge to zero 227 

as t → ∞  with probability 1. So we can see that the presence of different Poisson noises 228 

can really induce the complete synchronization. 229 

This completes the proof of Theorem 2.                                   □ 230 

Remark 2. 231 

Similar to the Remark 1, results in different Poisson noises case will be compared with those 232 

in Ref. 4. From Ref. 4, they presented the conditions of noise strength as 2d l c≥ − to 233 

achieve complete synchronization, while our conditions of different Poisson noises to 234 

achieve complete synchronization can be given as  235 

( ) ( )( ) ( ) ( )( )1 2 1 21 2 1 2 2 / / 2 1 2 1 2 2 / / 2 2l c d l cλ λ λ λ− − − + < < + − − + ≤ . 236 

The above expressions show that, in Ref. 4, noise intensity should take larger values to 237 

observe the excellent effects of complete synchronization, and in our paper the small noise 238 

strength will make the systems achieve complete synchronization due to the upper bound of 239 



 

noise strength. Therefore, the systems seem much easier to achieve complete 240 

synchronization with different Poisson noises than the case of different Gaussian white 241 

noises with probability 1.   242 

In addition, a numerical result will also illustrate our conclusions. 243 

4. A NUMERICAL EXAMPLE. 244 

 245 

In this section, an example is provided and some numerical simulations are performed to 246 

verify the theoretical results. In order to measure the synchronization, we define the 247 

following quantities: 1 2error( ) ,t x x= − and 1 2( , ..... ) , 1, 2T
i i i inx x x x i= =  the solution of 248 

Eq. (4). 249 

Example: In this example we use a three-dimensional neural network [17] to describe the 250 

dynamics of a single oscillator, which can be described as  251 

( )x Dx Tg x= − +& ,                                                                                                         （15） 252 

where 3
1 2 3( , , )Tx x x x R= ∈  is the state vector, D  is an identity matrix,  253 

and ( )1 2 3( ) ( ( ), ( ), ( )) , ( ) 1 1 / 2Tg x g x g x g x g s s s= = + − − ,  254 

1.25 3.2 3.2

3.2 1.1 4.4

3.2 4.4 1.0

T

− − 
 = − − 
 − 

. 255 

On the basis of the Ref. 23, system (15) has a double-scrolling chaotic attractor (FIG. 1).  256 

It is easier to verify that ( )g s  satisfies ( ) ( )1 2 1 2g s g s s s− ≤ − .For any 3 3,x R y R∈ ∈ , 257 

we have  258 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

,

T T T

T T

m

x y Dx Dy Tg x Tg y x y D x y x y T g x g y

x y T D x y x y x yλ

− − + + − ≤ − − − + − −

≤ − − − ≤ − −
259 

where  260 

1.25 3.2 3.2

3.2 1.1 4.4

3.2 4.4 1.0

T

 
 =  
 
 

, 261 

and 7.339mλ ≈  is the maximum eigenvalue of  T D− . So we can acquire the constant 262 

7.339l ≈  in condition (3). 263 



 

The main purpose of this paper is to study the effect of noise on the complete 264 

synchronization. So, in the numerical simulations, we let coupling strength c=0, i.e., two 265 

systems just bidirectionally is coupled by multiplicative noise. 266 

Case 1 . A common Poisson noises 267 

By the theoretical results in Sec.3.1, 20λ = , the two coupled systems are  synchronized 268 

with probability 1, with the noise strengths 0.242 0.758d< < . Here, we compute the 269 

error( )t  with different d  to verify the correctness of the theoretical results. The simulation 270 

results are shown in FIG. 2 with 0.4d = , FIG. 3 with 0.55d = , and FIG. 4 with 0.7d = .  271 

Case 2. Two different Poisson noises 272 

According to the theoretical results in Sec.3.2, 1 210, 20λ λ= = , the two coupled systems 273 

are  synchronized with probability 1 with the noise strengths 0.29 1.71d< < . Similarly, the 274 

error( )t  with different d  is computed to verify the correctness of the theoretical results.  275 

The simulation results are shown in FIG. 5 with 0.6d = , FIG. 6 with 1.0d = , and FIG. 7 276 

with 1.7d = .  277 

In terms of the simulation results, we can see that error( )t  converges to zero with time 278 

increase. The individual systems achieve complete synchronization because the coupled 279 

term vanishes. Some chaotic attractors after synchronization achievement are shown in FIG. 280 

8.  281 

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

-2

-1

0

1

2
-2

0

2

x
y

z

 282 

FIG.1. Chaotic attractors generated by three-dimensional neural network (15) after transient 283 

time 1000T = has been removed. 284 
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FIG. 2. (a-c) Responses of the systems (15) after synchronization achievement, (d) the 286 

temporal evolution of error( )t .  287 
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FIG. 3. (a-c) Responses of the systems (15) after synchronization achievement, (d) the 290 

temporal evolution of error( )t . 291 
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  294 

FIG. 4. (a-c) Responses of the systems (15) after synchronization achievement, (d) the 295 

temporal evolution of error( )t . 296 

0 10 20 30
10

-10

10
-5

10
0

10
5

t

(a) d=0.6 different noise

 

 

0 5 10 15 20 25 30
10

-10

10
-5

10
0

10
5

t

(b) d=0.6 different noise

 

 

0 10 20 30
10

-10

10
-5

10
0

t

(c) d=0.6 different noise

 

 

0 10 20 30 40

10
-10

10
0

t

(d) d=0.6 different noise

 

 

|x11-x21|

|x12-x22

|x13-x23|

|x11|

|x21|

|x13|

|x23|

|x12|

|x22|

 297 

FIG. 5. (a-c) Responses of the systems (15) after synchronization achievement, (d) the 298 

temporal evolution of error( )t . 299 
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FIG. 6. (a-c) Responses of the systems (15) after synchronization achievement, (d) the 301 

temporal evolution of error( )t . 302 
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FIG. 7. (a-c) Responses of the systems (15) after synchronization achievement, (d) the 305 

temporal evolution of error( )t . 306 
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FIG. 8. Chaotic attractors of system (15) after synchronization achievement. 308 

 309 

 310 

5. CONCLUSIONS 311 

 312 

In this paper, complete synchronization of two bidirectionally coupled piecewise linear 313 

chaotic systems perturbed by common or different Poisson noises was investigated, and 314 

sufficient conditions of the complete synchronization with probability 1 are established. To 315 

state the advantages of Poission noises-induced complete synchronization, the same model 316 

in Ref.4 was considered to demonstrate that Poisson noises are easier to achieve complete 317 

synchronization than the Gaussian cases via the comparison of noise strengths. We can see 318 

that the system (15) perturbed by Gaussian white noise are synchronized with probability 1, 319 

if the noise strengths 1.916d >  when noise is common, or the noise strengths 2.709d >  320 

when noise is different in Ref. 4. It is quite clear the complete synchronous effect will 321 

become much better with the increase of noise strength. However, we know that the 322 

systems (15) in Poisson noise case are synchronized with probability 1 with the noise 323 

strengths 0.242 0.758d< <  when noise is common, or the noise strengths 324 

0.29 1.71d< <  when noise is different, from the example in this paper. So, the noise 325 

strength of the systems perturbed by Poisson noise after complete synchronization 326 

achievement is bounded and smaller than the noise strength of the systems perturbed by 327 

Gaussian white noise after synchronization achievement. Therefore, through the comparison 328 

of two kinds of situations, we can verify that the systems perturbed by Poisson noise are 329 

easier to achieve complete synchronization than the case of Gaussian white noise with 330 

probability 1 in the sense of comparison of noise strengths.  331 

 332 
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