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Absbacl-We aill consider a model-based approach for the 
anticontrol of some discrete-time systems. We lint assume the 
existence of a chaotic model in an appropriate form. Then 
by using an appropriate control input we try to match the 
controlled system with the chaotic system model. 
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I. INTRODUCTION 

The analysis and control of chaotic behaviour in dynamical 
systems has been investigated by many researchers in various 
disciplines on recent years. Among the vast amount of works 
already published in the literature, interested reader may 
consult to e.g. various survey papers such as 151, [71 , to 
research monographs such as [2] , [6],  and to a bibliography 
U]. 

While in majority of the works in the area of chaos control 
the main aim is the suppression of chaotic behaviour, see 
e.g. [2], [7], the opposite approach, i.e. to retain the chaotic 
behaviour, or even to force a regular behaviour into a chaotic 
one, has also received considerable interest. This problem is 
known as "anticontrol" or "chaotification", and has a great 
potential for application in diverse fields, see [9] and the 
references therein. Various feedback schemes, mostly for 
discrete-time systems are available in the literature for the 
anticontrol of such systems, see e.g. [31, [41. 

In this work, we will consider a. model-based approach 
for the anticontrol of some discrete-time systems. We first 
assume the existence of a chaotic model in an appropriate 
form. Then by using an appropriate control input we try to 
match the controlled system with the,chaotic system model. 
We prove that : 

i : any controllable linear time-invariant system can be 
chaotified with an appropriate input, 

ii : this approach could be generalized to a class of 
nonlinear systems. 

We also address to the question of the existence of model 
chaotic systems. We propose a simple procedure to generate 
such chaotic models in arbitrary 'dimension. We note that 
this approach could also he applied to the anticontrol of 
continuous-time systems, see [SI. 

11. PROBLEM' STATEMENT 

We will first consider the linear systems. Consider the 
system given helow :-- 

x(k+l)=Ax(k)+Bu(k) , y ( k ) = C x ( k )  , ( I )  

where x E RI', A E R"X" is a constant matrix, B,C' E R" are 
constant vectors, here superscript T denotes transpose, U is 
the (scalar) control input and y is the (scalar) output, which is 
assumed to be measurable, and k = 0, 1,2, .  . . is the discrete 
time index. For this system, we pose the following problem 

Problem : Find a feedback law u(k)  = g(x(k)), where g : 
R" --+ R is an appropriate function, such that the resulting 
closed-loop system exhibits chaotic behaviour. 0 

Let p ( L )  be the characteristic polynomial of A given by 
(l), which is given as follows : p ( A )  = det(L1-A) =A"+ 

It can be easily shown that if the system given by (1) is 
controllable then by using an appropriate coordinate trans- 
formation z = Rx, it can be transformed into the form 

a&"-' + ... +a"-lL +a.. 

} (2) 

} (3) 

z , (k+ 1) = z i+ , (k )  i = l , Z , .  . . ,n - 1 
z , , ( k + l )  = -ELl an, , - ,z i (k)+u(k)  

111. MODEL BASED SCHEME 

Let us assume that our model chaotic system is given as 
follows : 

wi(k+ 1) = wi+,(k) i =  1,2 ,..., n- 1 
w d k +  1) = f ( W I ( k L W 2 ( k ) , . . .  ,w.(k)) 

where f : R" -+ R is an appropriate function. In the section 4, 
we will propose a simple scheme to generate chaotic systems 
of this form for arbitrary dimension n > 1. 

Our anti-control scheme is based on matching the system 
given by (2) with the model chaotic system given by (3) hy 
using an appropriate control input u ( k ) .  Hence, to achieve 
this goal, we may choose u(k)  as 

n 
u(k) = f (z(k))  + Ca,,,,-,z,(k) : (4) 

i= I 

Obviously, by using (4) we can transform (2) into the chaotic 
system given by (3). 

- The anticontrol scheme given above can also be applied to 
a class of nonlinear systems which can be transformed into 
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the following controllable form : 

z , ( k +  1 )  = zi+l ( k )  i = 1,2,. . . , n  - 1 
Z”(k+ 1) = - Z L  a,z , (k)  + y ( z ( k ) ) + P ( z ( k ) ) u ( k )  

where y ( z ( k ) )  and P ( z ( k ) )  are appropriate functions. 

IV. MODEL CHAOTIC SYSTEMS 
In the sequel we will present a simple scheme to gen- 

erate chaotic systems of the form given by (3) in arbitrary 
dimension n. Note that for n = 1, the required form reduces 
to w(k+ 1) = f ( ~ ( k ) ) ,  and there are many one-dimensional 
chaotic systems in this form. Now assume that there exists 
a chaotic system of the form given by (3) for n 2 1.  We 
will present a simple scheme to generate a chaotic system of 
the same form for dimension n + 1. Consider the following 
system : 

} (5)  
w, (k+ l )  = ~ , ~ ( k )  i =  1,2,..:,n- 1 

w*(k+ 1 )  =f(w,(k),w2(k), ..., w”(k))+z(k)  
z(k+ 1 )  = p z ( k )  

where I p I< 1 is an arbitrary real number. Obviously, z ( k )  = 
p’z(0) + 0 as k + -, hence the first n equations of (5) 
and (3) are asymptotically the same. Therefore if (3) has 
a-globally attractive chaotic attractor, so does (5). On the 
other hand, if (3) has only locally attractive chaotic attractor, 
which is structurally stable , then so does (5) provided that 
I z(0) I is sufficiently small. 

To transform (5 )  into the form (3), let ns define the variable 
w“+l as follows : 

w.+l(k) =f(wl (k),w,(k), . . . ,wn(k))  + d k )  . (6) 

Hence, from (5) we have w,,(k+l) = ~,+~(k). By using (6), 
( 5 )  can be rewritten as follows : 

} (7) wi(k+ 1) = ~ , + ~ ( k )  i =  1,2, ..., n 
wn+l(k+ 1) = F(w,(k) ,wz(k) , . .  . ,W,,+l(k)) 

F(w(k))  = j(w*(k),wdk), .. . ,wzn+j ( k ) )  + p y c + ,  ( k )  
-pf(w,(k),w,(k),...,w,(k)) 

where F is given as : 

. 

(8) 

V. CONCLUSION 
In this paper, we considered a model-based approach to 

the anticontrol of some discrete-time systems. Our aim was 
to generate a chaotic behaviour which is determined by a 
chaotic model, by means of an appropriate control input. To 
achieve this task, we assumed the existence of a reference 
model in an appropriate form which exhibits chaotic he- 
haviour. Then we determined an appropriate control input to 
match the dynamics of the system to be controlled with that 
of the model chaotic system. We proved that : i : any control- 
lable linear time-invariant system can be chaotified with an 
appropriate input, ii : this approach could be generalized to a 
class of nonlinear systems. We proposed a simple procedure 
to generate such chaotic models in arbitrary dimension. 
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