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ABSTRACT  

Many of the proposed approaches for nonlinear systems control are developed under the assumption that all involved 
parameters are known. However, the system uncertainties are always unavoidable and some system parameters cannot 
be exactly known in the most part of the cases. In  this paper, a adaptive controlscheme is proposed to system is able to 
achieve the control objective regardless the parametric uncertainties of the model and the lack of a priori knowledge on 
the system. Also, is applied the adaptive sliding mode control for synchronization of chaos in system of Rossler in 
presence of unknown parameters. First, suppose that there are no parameter uncertainties in the system model. Then, 
this condition is removed while an adaptive sliding mode control system is designed. The advantages of obtaining such a 
motion are twofold: firstly the system behaves as a system of reduced order with respect to the original plant; and 
secondly the movement on the sliding surface of the system is insensitive to a particular kind of perturbation and model 
uncertainties. 
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1. INTRODUCTION  

Chaos system has been widely researched in recent years, because of its many potential applications in daily life. Chaotic 
systems as a nonlinear system, can be considered as bounded unstable systems with high sensitivity to initial conditions. 
Synchronization of chaos is process in which two or more chaotic systems with distinct feature through a foreign force 
achieve to a set of common behaviors. Synchronization of interacting oscillators in biological systems has been widely 
studied over the last few years[6]. Classical phenomena such as mutual synchronization, entrainment and chaotic 
synchronization are now observed in many biological experiments and numerical simulations. Several methods have been 
applied to synchronize chaotic systems[7]. A number of methods based on master–slave pattern have been proposed. 
synchronization method with parametric adaptive control has been considered in [4]. A systematic design procedure to 
synchronize two identical generalized Lorenz chaotic systems based on a sliding mode control was studied by Lin and 
Yan. However, it did not consider the uncertain factors in practice. In fact, there are many uncertainty sources in the 
complex systems, such as unmodelled dynamics, ionic channel noise and external disturbances. Variable structure control 
(VSC) with sliding mode control was first proposed and elaborated by Emel'yanov and Taran, (1962); Emel'yanov, (1970); 
Utkin, (1974). Sliding mode control has developed into a general design control method applicable to a wide range of 
system types including nonlinear systems, MIMO systems, discrete time models, large-scale. The concept of sliding mode 
control based on the conceptions of variable structure control in which the second order system trajectories has been 
driven towards a line in the state space termed as the sliding line and enforcing the trajectories to the origin. In this paper, 
an adaptive sliding mode controller is used to achieve synchronization of two coupled chaotic systems in presence of 
uncertainty parameters. Then we use an adaptive algorithm to approximate the uncertainties and disturbances of the 
dynamical system. According to the Lyapunov stability theorem, the employed ASMC controller not only guarantees 
stability for the coupled system, but also assures the boundedness of synchronization errors[3], [5] [1], [9]. As a case study 
the method presented has been applied to Rossler system, Figure 1.  

   The Rossler system is given by 

321 xxx 
 

212 axxx 
 

bcxxxx  3313


 

where a , b , c  are real constant. 

 

Figure 1:  Rossler system 

2. Synchronization and problem definition 

Purpose of this section is that, by applying an appropriate control signal to the chaotic system, it behaves like a chaotic 
system synchronized with Uncertainties parameters. The first system is called master system and the second system that 
not fully known with uncertainty is called the slave system [10]. Note that, the control signal, enters into the second chaotic 
system, and the master system does not have any effect, it is called one-way synchoronization. This means that the 
dynamic of the slave system is synchronous with the dynamics of master system. Generally, in synchronization process, 
all state variables of slave system are synchronize with master system. To achieve this goal, the control algorithm based 
on adaptive and sliding mode control methods is designed. 

   For overview of synchronization the master and slave systems, respectively, is shown below 

),()( txftx 
  

utygty  ),()(
                        (1) 

 In this relationship, t, Represents the time, 
nRx , State vector of the master system, 

nRy , State vector of the slave 

system, 
nn RRRf  : , and 

nn RRRg  :  are nonlinear functions.  
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 Now to define the synchronization error yxe  . have 

utygtxfe  ),(),(
  

 Our goal is to find proper control functions u , such that 

0lim 


e
t  

Obviously, Rossler system is chaotic for some parameters by appling of 0-1 test (If K  is close to zero, the system is not 
chaotic, and if is near one, the system is chaotic),TABLE 1, Figure 2 [6], [10]. 

Thus, this system is used for case study to examin controlling chaos in this system by applying of the proposed methods. 

   In order to investigate Synchronization behavior chaotic systems, the master and slave systems for Rossler system, 
respectively, is defined below 

:mX
 

321 xxx 
 

2112 xaxx 
                                         (2) 

131313 bxcxxx 
 

:sX
 

1654 uxxx 
 

25245 uxaxx 
                                 (3)         

3262646 ubxcxxx 
 

where 222111 ,,,,, cbacba  are real constants. 

In problem of synchronization of system explained in Equations (1), First system is considered as master system and 
second system as a slave system. However, by applying a suitable control signal on it, A state variables of system slave 
will converget to state variables of system master after a transient time.  

Table 1 SYSTEM OF CHAOTIC ROSSLER 

Data Coefficients 

01.0   01x
 

01.0   02x  

01.0   03x  

3  b  

20  
c  

085.00  a  a  

001.0  dt  

8743.07655.0  k  K  
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Figure 2: Appling of 0-1 test for system of chaotic Rossler 

3. Synchronization with linearization method 

Although in synchronization of chaos, Both systems are chaotic, so, for control of chaos through synchronization, is 
necessary to select the appropriate parameters, Periodic system of appropriate master obtain[2]. Now, with assumption  

82.5,21.0,125.0 111  cba
 

 and  

82.5,21.0,21.0 222  cba
 

That for them the slave Rossler system is chaotic, to define the synchronization error for above master and slave systems, 
we have 

ms XXE 
  

      1321 utetete 
 

      2215212 utxatxatee 
            (4) 

          3313463 utcetxtxtxtxe 
  

where 21 ccc  . 

   Our goal is to find proper control functions iu
 by linearization method such that 

  3,2,1,0lim 


itei
t                            (5)    

   Therefore define  

01 u
 

    22152 etxatxau s 
                         (6)      

       txtxtxtxu 13463 
 

Theorem. the master systems
mX  and slave systems 

sX with The control law (6) for  0c  ,  0  Synchronized. 

Proof. With replacement (6) in (4) have 

321 eee 
 

212 eee 
  

33 cee 
               

coefficient matrix of error equations and eigenvalues are as following 
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c


 3

2

2,1 ,
2

4





,

00

01

110























c

A 

                   

If 0  and 0c  then all of eigenvalues of matrix A  ,have negative real parts and system (4) Will be stable, and have 

  
  3,2,1,0lim 


itei

t . 

   Simulation diagrams in Figures 3, 4, 5 and 6 are presented. 

 

 

Figure 3:  curve of 1x  and 4x  before and after synchronization 
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Figure 4:  curve of 2x  and 5x  before and after synchronization  

 

 

Figure 5:  curve of 3x  and 6x  before and after synchronization 
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Figure 6:  curve of error ) 1e ) before and after synchronization 

4 Synchronization with adaptive control method 

Because sometimes the system parameters are not known precisely and can change over time, thus making adaptive 
controller for chaos control is important. In this section, a method for chaos control of a class of chaotic systems through 
the adaptive synchronization is presented, that the parameters of the slave system are unknown. Therefore, master 
system parameters, choice from initial estimates of the parameters of slave system. The control rules are expressed 
based on the states of both the system and the estimated parameters, and estimation update laws of parameters are 
chosen such that the synchronization errors and estimation errors, converge to zero. 

Suppose 

        tUtXftXtX sss  21 
 

That   tXf s
 continuous function and 

1  and 
2  are unknown parameters. Error equations and the control rules  

are expressed as following 

ms XXE 
  

    uXXfXFXXE ssmms  21, 
 

         

      0ˆˆ

,

21 



KttXt

tXftXFtKEtU

s

sm





 

That 
1̂  and 

2̂  Respectively, the estimated parameters 
1  , 

2  and laws of  update them are 

     

   
nji

tetb

txtij
iij

iii

jijij ,...,2,1,0,
ˆ

ˆ




















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Based on nonlinear adaptive control method is described, the control and the parameters update laws to Rossler system, 

are selected as following that in this case, 222 ,, abc  are unknown. 

11321 ekeeu 
 

22215212
ˆ ekxaxaeu 

 

3312313213463
ˆˆ ekbbxcecxxxxu 

and 

2512
ˆ exa 

 

322
ˆ eb 


 

3633
ˆ exc 

 

   In section (6) with assumptions 21,17,10 321  kkk  

10321  
 

6.0,2.0,9 222  abc
, 

      21.00ˆ,21.00ˆ,82.50ˆ
222  abc

 

simulation results indicate that the synchronization error after about 4 seconds reaches zero, and the estimate of the 
unknown parameters converge to the true values, and the synchronization is performed[4], [8]. 

   Simulation diagrams in Figures 7, 8,9 and 10 are presented. 

 

 

Figure 7:  curve of 1x  and 4x  after synchronization by applying control signal of 1u  
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Figure 8:  curve of 2x  and 5x  after synchronization by applying control signal of 2u  

 

 

Figure 9:  curve of 3x  and 6x  after synchronization by applying control signal of 3u  
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Figure 10:  curves of error ) 2e  and 3e ) after synchronization 

5. Synchronization with adaptive sliding mode control method 

Essentially, sliding mode control utilizes discontinuous feedback control laws to force the system state to reach, and 
subsequently to remain on, a specified surface within the state space (the so-called sliding or switching surface). The 
system dynamic when confined to the sliding surface represent the controlled system behaviour. Therefore, first suppose 
that there are no parameter uncertainties in the system models. In order to solve synchronization problem, we can apply 
the idea of sliding-mode controller[1], [9].  

Rossler system 

Simulation results in section 3 show that, control input  tu3
 is non-zero only for a short time. Thus, it can be ignored and 

the system can be controlled by a control input  tu2
. Therfore define the synchronization error as  te2

. and time-

varying surface )(tS . in order to design controller for the synchronization have to   0ts . As mentioned in the previous 

sections, equations of error Rossler are as follow 

     tetete 321 
 

      2215212 utxatxatee 
 

         tcetxtxtxtxe 313463 
 

  However, we define sliding surface for Rossler systemas as following: 

     

t

detets
0

22 

   

       

  0)(

)(

2221

52122





teutxa

txatetetets





 

Then  
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     tektetxatxateu 22215212 )()(  
 

To view stability of the error dynamics of the controller mentioned positive definite, Lyapunov function are defined as 
follows 

2

2s
v 

 

With derivative 

     

t

detektekssv
0

22

2

2 

 

With take    and 0k  have 
0v

. Thus, according to the Lyapunov stability theorem, since v  is negative definite 

and v  positive definite, once t , then s  tend asymptotically to zero. And the two systems through sliding mode 
controllers are synchronized with each other. 

   Simulation results indicate the issue is. 

   Simulation diagrams in Figures 11, 12,13 and 14 are presented. 

 

Figure 11:  curve of 1x  and 4x  after synchronization by applying ASMC and AC method 

 

Figure 12:  curve of 2x  and 5x  after synchronization by applying ASMC and AC method 

 

Figure 13:  curve of 3x  and 6x  after synchronization by applying ASMC and AC method 

  

Figure 14:  curves of error 3e  and curves of  2u  
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6. Conclusion 

In this paper, an adaptive control scheme is proposed to system is able to achieve the control objective regardless the 
parametric uncertainties of the model and the lack of a priori knowledge on the system. Also, an adaptive sliding mode 
control algorithm was applied to design controller for synchronization of chaos in system of Rossler in presence of 
unknown parameters. Under the given parameter updating law, the error of the disturbance is bounded. This method can 
make the synchronization error convergent to zero. Finally, by choosing appropriate Lyapunov function, we examined the 
stability of the system The simulation results demonstrate the availability of the proposed synchronization control method. 
The proposed synchronization method can also be used to control other chaotic systems. 

References  

[1] C. C. Wang, J. P. Su, "A new adaptive variable structure control for chaotic synchronization and secure 
communication," Chaos, Solitons & Fractals ; 20:967–77. 2004. 

[2] Z. Li, Shi, " Robust adaptive synchronization of Rossler and Chen chaotic systems via slide technique,"  Phys Lett A 
311:389–95. 2003 

[3] Y. Li, Z. Yung and Y. Xu, " Chaos synchronization and parameter estimation of single-degree of freedom oscillators 
via adaptive control," J Sound Vib; 329:973–9. 2010. 

[4] W. Lei, K. Liu and J. Miao,"Adaptive synchronization for a unified chaotic system with uncertainty," Commun 
Nonlinear Sci Numer Simul; 15:2015–3021. 2010. 

[5] X. Mu, L. Pei, "Synchronization of the near-identical chaotic systems with the unknown parameters," Appl Math Model 
;34:1788–97. 2010. 

[6] S. Nazari, A. Heydari, and J. Khaligh " Modified modeling of the heart by applying nonlinear oscillators and designing 
proper control signal," Applied Mathematics; 47134, 972-978. 2013. 

[7] L.M. Pecora, T.L. Carroll, " Synchronization in chaotic systems," Phys. Rev. Lett. 64  821–824, 1990. 

[8] Y. Yongguang, Z. Suochun, " Adaptive backstepping synchronization of uncertain chaotic system," Chaos, Solitons & 
Fractals,;21:643–9, 2004. 

[9] JJ. Yan, JS. Suochun, Lin, and TL Liao " Synchronization of a modified Chua’s circuit system via adaptive sliding 
mode control," Chaos, Solitons & Fractals,;21:643–9, 2004. 

[10] . Khaligh , A. Heydari , and S. Nazari " Application of chaotic particle swarm optimization algorithm in reduced-order 
synchronization of chaotic systems with different dimension in presence of unknown parameters," presented at the 
44nd Int. Conf. mathematic, Mashhad, Iran, 2013. 

 

 


