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Abstract: Chaotic Synchronization of a chaotic Sprott-I System has been presented in this paper. The Sliding Mode 

Control method has been utilized and also Lyapunov Stability Method has been used for validating the stability of the 

system. Although many methods were considered but Sliding Mode method was found to be more efficient and the 

required results were obtained using Sliding Mode Controller. Numerical Simulations has been done by MATLAB to 

validate the results and Sliding Mode Controller has been designed for the chaos synchronization of Identical Sprott-I 

Chaotic systems.  
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I. INTRODUCTION 

A system whose state varies with time and follows 

differential equations where time derivatives are involved. 

These type of systems are very highly sensitive to initial 

conditions and are termed as Chaotic systems. These 

systems showcases high sensitive behaviour and this nature 

is the butterfly effect [1]. Pecora and Carroll [2] were the 

pioneers in the field of chaos synchronisation. They 

introduced methods of synchronisation with different initial 

condition of two identical systems. After their breakthrough 

their study in the field of  chaos synchronization has 

inspired more research in these studies. 

Many methods have been proposed for controlling of chaos 

and chaos synchronization. Some methods which have been 

successfully applied, are the PC method [3], the feedback 

approach [4], the adaptive method [5], OGY method [6]; 

active control method [7]; back stepping design method [8], 

etc. The above mentioned methods are able to synchronize 

only two similar identical chaotic systems. 

In this paper, sliding mode control (SMC) method has been 

used for deriving two identical Sprott-I chaotic systems. In 

control systems, the most preferred method is sliding mode 

control (SMC) because it allows for easy realization, 

provides faster response, good transient behaviour and also 

immunity to disturbances and parameter uncertainties. 

The paper has been presented in the following order. In 

Section 2, the problem statement has been discussed. In 

Section 3, a new result for the synchronization of chaos of 

an identical Sprott-I system is derived by sliding mode 

control method. In Section 4, numerical results have been 

presented as for the illustration of synchronization 

technique that has been proposed. In Section 5, The main 

results are concluded which we obtained in this paper. 

II.   PROBLEM STATEMENT 

Professor J C Sprott [9] has defined some simple 3-

Dimensional Ordinary Differential Equations with non-

linearities which are chaotic in nature and this chaotic 

system are called as Sprott systems by researchers. 

 The Sprott I system is given by        

                                

                                

                                                    (1) 

                                

which is chaotic and its chaotic attractor is shown in Fig. (1) 

when the constants selected as c = 0.2 with initial conditions 

x (0) = 0.1, y (0) = -0.1, z (0) = 0.5 [10]. 

Fig. (2) shows the time response of states of the system (1). 

 

                        Fig1. Sprott-I Chaotic Attractor. 
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                   Fig2. Time Response of the systems. 

III. CHAOS SYNCHRONIZATION OF 

IDENTICAL SPROTT-I  SYSTEMS 

In this section, an identical Sprott-I system is synchronized 

by using Sliding Mode Control Method. 

Thus, the master system is given as 

                                 

                                       (2) 

                              

And the slave system is given as 

            

                                                                  (3) 

                  

Where , ,  are the state variables, d(t) = 0.005sin(t) is 

nonlinear perturbation input and u(t) is nonlinear controller 

to be designed. 

The synchronization error is defined as 

,     and   

. 

Then the error dynamics is obtained as 

 

 

 

The designing of the SMC should be very proper and, in a 

way, so that it is able to satisfy the resulting error vector 

          

(5) 

The error dynamics equations (4) has to be stabilized. Then 

synchronization has to be attained. For carrying out the 

above processes two proper steps have been used:  

first, a suitable sliding mode selection is considered because 

the sliding motion on the sliding manifold has to be stable 

and also ensure that  ; second, 

establishment of a SMC law which will confirm the 

existence of the sliding mode s(t) =0. The asymptotic 

stability of the sliding mode has to be confirmed. This is 

done by the switching surface s(t) which is defined as: 

                                             (6) 

where  , ,  are constants. 

The proper switching surface equations has been established 

(6), now the next move is to design an SMC scheme so that 

the system trajectories can be drive onto the sliding mode, 

s(t) =0.  

This paper has presented the following SMC: 

                                                            (7) 

Since the system operates in the sliding mode, the following 

equations [11], [12] are satisfied 

 and  

Now, the equivalent control  is obtained. This is done 

in the sliding manifold by differentiating (6) with respect to 

time. The synchronization error (5) is also substituted. 

  

    =  

        

                               (8) 

 From (8) the equivalent control  is established by 

applying the sliding mode process. It is obtained as 

   

        

       ]/            (9) 

Theorem: Consider the dynamic system (4) with the noise 

perturbation input. The condition (  of sliding 

mode is satisfied, if the controller u(t) is 

 

        

        

       ]/                 

 

where  and  
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Proof.  Consider the following Lyapunov function defined 

by the equation 

 

By differentiating the above equation by time, we get, 

  

      

      

        

        

     =  

        

       ]/                 

+ ] 

        

        

       

       

       

If d(t) is bounded function and |d(t)|≤ , we get the 

following result: 

 

      

                                                   (12) 

where . Thus, the reaching condition (  

is satisfied. Thus, by Lyapunov stability theory, s(t) always 

converges to the switching surface s = 0. Hence, the proof is 

achieved completely. 

IV. NUMERICAL RESULTS 

The numerical validation is also established, the fourth-

order Runge-Kutta method is used. The time-step h=0.001 

is used to reach the solution of the systems of differential 

equations of (2) and (3) with the sliding mode controller u 

given by (10) using MATLAB. 

The initial conditions of the master (2) and slave (3) 

systems are taken as 

  and  

  . Fig.3 

illustrates the complete synchronization of the identical 

Sprott-I chaotic systems (2) and (3). 

 

 

Fig. Synchronization plot of the Identical Sprott-I Systems. 

V. CONCLUSIONS 

The above discussed results have been realized using the 

Sliding Mode Controller. This controller has been designed 

using the theorem of Lyapunov Stability. The chaos 

synchronization of an Identical Sprott I systems has been 

examined using the controller. Numerical Solution has been 

carried out using MATLAB. This is done to illustrate and 

prove the efficiency of the Identical Sprott I systems. Thus, 

it can be concluded that the above discussed method in the 

paper is the most convenient and effective for achieving 

chaos Synchronization of Identical Sprott I systems. 
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