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This paper proposes a new method of chaos synchronization for chaotic system under parameter mismatch. Based on 
Lyapunov stability theory, the proposed synchronization method is robust to parameter mismatch. The slave system can 
synchronize to the master system even the parameter error is large. This can overcome the parameter mismatch problem 
when using the circuit components to realize the synchronization. Finally, numerical simulations are given to demonstrate 
the effectiveness of the proposed method. 
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1. Introduction 

 

Chaos synchronization which was first introduced by 

Pecora and Carroll [1], has attracted much attention in 

recent years, especially its applications to electronics [2], 

optical communication [3-6], and radar [7-11]. However, 

the conventional synchronization method is easily 

influenced by parameter mismatch, since no two coupled 

systems can be identical in reality due to the errors of 

circuit components (usually nearly 5% error or more) or 

the other artificial factors. Therefore, it is desirable to 

design an alternative synchronization method that can 

overcome parameter mismatch synchronization problem 

of the conventional method. 

Parameter mismatch synchronization problem has 

been researched by many researchers [12-15]. In [12], an 

adaptive control method online estimation method is 

proposed for adaptive synchronization of two uncertain 

chaotic systems.  It is an effectiveness synchronization 

method. However, in this method, all the parameters are 

changed by the same proportion factor. This is a special 

condition for electronic engineering. In [13], a method of 

parameter mismatch on anticipating synchronization of 

chaotic systems with time delay in the framework of the 

master-slave configuration is proposed. In [14,15], a 

synchronization method of coupled chaotic systems with 

time delay in the presence of parameter mismatches by 

using intermittent linear state feedback control is proposed. 

In the methods of [13-15], the parameters are not changed 

just by the same proportion factor. They (the parameters) 

are changed randomly, and this is common in practical 

engineering. However, the parameter error in [13-15] 

maller than 5%.   

In this paper, we propose a parameter robust 

synchronization method, which can make the slave system 

synchronize to the master system under parameter  

mismatch. In the proposed method, the parameters are 

changed randomly, and the synchronization still can be 

realized even the parameter error is large. The new 

synchronization method in this paper is based on 

Lyapunov stability theory and the design procedure is 

demonstrated by the well known Lorenz chaotic system. 

Though we focus on the Lorenz chaotic system in this 

paper, the analysis and the thought still can be extended to 

other chaotic systems.  

This paper is organized as follows. In section 2, a new 

synchronization method which is robust to parameter 

mismatch is proposed. In section 3, simulations on the 

Lorenz system is given to illustrate the effect of the 

proposed method. Brief conclusion of this paper is drawn 

in section 4. 

 

2. Synchronization method under parameter  

  mismatch  

 

The chaotic signal generated from the typical Lorenz 

system can be expressed as: 
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where mx , my , mz are the state variables. s , r and b are 

the parameters. We assume that the system (1) freely 

“moves” about, so it is called the master system. The 

parameter mismatch synchronization problem is to design 

a controller, such that the trajectories of the slave system 

(2) asymptotically follow those of the master system even 

the parameter is not identical with the master system. In 

this paper, the slave system is designed as 
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where s , r , b are the errors of the parameters. The 

synchronization aim is desired that  
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The main aim is to design the suitable control 

component  1 2 3, ,u u uu . In this paper, the control 

component is given by Eq.(4).  
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where 1 2, 3,k k k and 1 2, 3,a a a  are the constants which need 

to be designed. Hence, next we will show how to design 

1 2, 3,k k k and 1 2, 3,a a a  to make the slave system 

synchronize to the master system. First we define the 

synchronization error as 
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So that differentiates from Eq.(5), we define 
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Choosing the Lyapunov function  

2 2 2

1 2 3(1/ 2)( )L e e e              (7)  

Then we have   

1 1 2 2 3 3

TL e e e e e e        Q        (8)  

where  

 1 2 3| | | | | |
T

e e e            (9)  

and                          

1 1 2 2

3 3

[ ( )] ( )

( )

m m m

m

a s y x e a rx e

a bz e

     

  
    (10)   

and 

1 2

2

2 3

( ) / 2 / 2

/ 2 1 0

/ 2 0 ( )

k s s C B

C k

B k b b

      
 

    
      

Q      (11) 

3( ) ( )C s s r r B               (12) 

Assuming that 

1

2

3

max( )

max( )

max( )

m

m

m

B x

B y

B z

 







                 (13) 

and let  
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In order to make the slave system synchronize to the 

master system, 0L  should be satisfied based on 

Lyapunov stability theory. This is equal to make Q be 

positive matrix. The reason is 0  . If the parameters 

( , , )s r b is given and the error bound of the parameters are 

given, we can find the suitable 1 2 3( , , )k k k  to make the 

two systems synchronize. 

 

3. Simulations and analysis 

 

In order to illustrate the effect of the proposed 

parameter robust synchronization method, in this section, 

we do simulations on the Lorenz chaotic system. For 

comparing the performance of the traditional chaotic 

synchronization method in [14] is also given. 

The simulations are operated as follows. Let the 

master system is defined by Eq.(1), the slave system by 

using the proposed method in this paper is defined by 

Eq.(2). 

Let 16, 45.6, 4.s r b   The parameter error is given 

as 4, 7, 2s r b      (the parameter error is 25%, 
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15.35%,50% respectively). The initial condition for the 

master system is given by (2, 3, 7) and that of the slave 

system is given by (10, 14, 12). By using the 

Eq.(12)
1 2 320, 28, 49B B B   is got and 

1 2 346, 65, 14k k k      is got by utilizing the Matlab 

linear matrix inequality (LMI) control Toolbox [16]. The 

synchronization performance is given by Fig. 1. For 

comparing, we also use the conventional synchronization 

method as [14] under the same condition. The 

synchronization performance is given by Fig. 2.  

We can see from Fig. 1 and Fig. 2, the proposed 

synchronization method is more robust to parameter 

mismatch and the synchronization error is smaller than 

that of the method in [14].  In the proposed method, after 

0.37s, the slave system can almost synchronize to the 

master system when the parameters are mismatched. 
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Fig. 1. The Synchronization error of the method in this 

paper versus time. 
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Fig. 2. The Synchronization error of the method in [14] 

versus time. 

 

 

 

 

4. Conclusion 

 

A method of parameter robust synchron -ization is 

proposed in this paper. We have investigated the 

properties of synchronization between master–slave 

chaotic systems under parameter mismatch. We find that 

the slave system can nearly synchronize to the master 

system after a short time even the parameter error is more 

than 20%. This can overcome the parameter mismatch 

problem when using the circuit components to realize the 

synchronization since in reality the parameter error in 

circuit components can not be avoided.  

   

Acknowledgment 

 

The authors would like to thank the support of “863” 

Research Subject(2012AA112312), the Science Project 

of Traffic Science and Technology(201231849A70), 

industry problem project of Shan’Xi (2011k06-32) and 

the Fundamental Research Funds for the Central 

Universities (CHD2011TD012). 

 

 

References 

  

 [1] L. M. Pecora, T. L. Carroll, Phys. Rev. Lett. 

    64, 821 (1990). 

 [2] S. Oancea, J. Optoelectron. Adv. Mater.  

    7(6), 2919 (2005). 

 [3] M. Bulinski, M. L. Pascu, I. R. Andrei,  

    J. Optoelectron. Adv. Mater. 6(1), 77 (2004) 

 [4] M. Ciobanu, V. Babin, N. D. Nicolae,  

    J. Optoelectron. Adv. Mater. 6(2), 399 (2004). 

 [5] D. Zhong, G. Xia, Z. Wu, J. Optoelectron. Adv.  

    Mater. 6(4), 1233 (2004). 

 [6] C. Stan, C. P. Cristescu, D. Alexandroaei, 
    J. Optoelectron. Adv. Mater. 7(5) 2451 (2005). 
 [7] V. Venkatasubramanian, H. Leung, IEEE Signal 
    Processing Letters, 12, 528 (2005). 
 [8] T. L. Carroll, Chaos, 15,013109 (2005). 
 [9] L. Liu, J. Hu, Z. He, EURASIP Journal on  
    Advances in Signal Processing. 2011, 2 (2011). 
[10] L. Liu, J. Hu, Z. He, Metrology and measurement  
    systems 18, 78 (2011). 
[11] L. Liu, J. Hu, H. Li, J. Optoelectron. Adv. Mater.  
    13, 354 (2011). 
[12] S. Chen, J. Lü, Chaos, Solitons and Fractals,  
    14, 643 (2002). 
[13] Q. Han, C. Li, J. Huang, CHAOS 19, 0131041   
    (2009). 
[14] T. Huang, CHAOS, 17, 0331211 (2009). 
[15] T. Huang, C. Li, G. Chen, Nonlinearity 
    22, 569 (2009). 
[16] P. Gahinet, A. Nemirovski, A. J. Laub, LMI Control  
    Toolbox, The mathworks Inc., (1995). 
 
_______________________________ 
*Corresponding author: liulidong_1982@126.com 

 


