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I. INTRODUCTION 
   

The guarantee of the desired properties for a physical 

process, requires the development of a control law [1],[2]. 

In this sense, an alternative is to design a mathematical 

model of the process to be controlled, exploited the one 

hand for the synthesis of the controller and the other for 

the simulation of the performance obtained in closed loop 

[3]. In a non-linear and linear unlike the automatic, there is 

no universal techniques able to present general results for 

the analysis and synthesis systems and nonlinear 

controllers [4],[5],[6]. The input-output models are of 

major interest in the problems of identification and fuzzy 

control [7]. On the one hand, they have a much simpler 

structure than the models of state and secondly, they have 

a direct relationship between the command and output. 

This allows the construction of an inverse system and thus 

solving the problem of trajectory tracking. In this paper, 

we restrict ourselves to discrete nonlinear systems affine 

in control. We propose to apply the fuzzy input-output 

representation of discrete nonlinear systems in the 

description of nonlinear systems considered in Takagi-

Sugeno constant finding in TSK, a decomposition of the 

overall fuzzy system in elementary fuzzy subsystems, each 

defined on an elementary fuzzy mesh which facilitates the 

study of complex fuzzy systems, is performed allowing the 

development of the reversing mechanism of the fuzzy 

system. 

These proposed steps will be exploited in the 

implementation of two methods of control in the 

regulation of a nonlinear system ("Duffing forced-

oscillation"), the first is based on the fuzzy linearization 

technique discrete input-output (I.O.D.F.L), about second, 

it incorporates the fuzzy internal model control 

(F.I.M.C)[8]. A comparative study is subsequently 

performed to highlight the benefit provided, views 

stabilization and improvement of performance by each of 

the two approaches for the considered system. 

 

 

 

II. REPRESENTATION OF FUZZY DISCRETE NON 

LINEAR SYSTEM AFFINE IN THE CONTROL 
 

Suppose a TSK type fuzzy system [9], multi-input 

single-output M.I.S.O with n entries 1,..., ne e and the 

response s . The fuzzy system is then represented by a 

collection of rules, of the form (1): 
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with : , 1, , is thek
ième

i

k k
A k n i  is the fuzzy symbol 

associated with the variable ke . 

 1, , ni i   real constant in the conclusion of the rule 

indexed  1, , n ki i I . 

If kL fuzzy symbols are vague as   1,2, ,k kI L  to 

describe ke the complete rule base is then composed of  

1, , kk n
L L
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 

rules. 

For inputs  1 2, , ,
T n

ne e e e  , the output generated 

by the fuzzy system is given by (2): 
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with: 
   1 , , ni i

e


 represents the degree of truth of the 

premise of the rule 
 1 , , ni i

R


. 

That: 
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Suppose a partition strict universe of discourse of inputs 

with triangular membership functions uniformly 

distributed, then: 
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In this case, equation (2) becomes: 
     
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A TSK fuzzy system of multi-input multi-output 

M.I.M.O concluded steady with n  inputs 
1, , ne e  and m  

outputs 
1, , ns s can be represented by a collection of m  

fuzzy systems in multi-input single-output of the form (1). 

Representation of a process by a mathematical model, 

essential for the synthesis of control laws, is characterized 

by recurrent equations linear or nonlinear linking inputs, 

outputs and states. 
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Consider the state space of discrete nonlinear system 

given by (6): 

     

 

1 ,

( ) ( )

X k f X k u k

y k h X k

     




                                          (6) 

The state representation of a nonlinear discrete system 

given by the expression (6) has a critical need to 

approximate 2 1n  nonlinear functions (the n  non-linear 

functions of the vector field f , the n  non linear functions 

of the vector field g  and the non linear function h ), 

overcome these constraints frequently encountered, a 

transformation of the state representation (6) in an input-

output representation in order to exhibit an explicit 

relationship between output and control is proposed. 

Discrete processes, studied in this section are assumed to 

have had at least one equilibrium point originally chosen 

[1],[8],[9] where relations between inputs, outputs and 

states are expressed by fuzzy rules. 

In this sense, we are interested in establishing a direct 

relationship between the input and output system (6): 

   
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and      

   , 0
rd

h f x u
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  
 

                                                  (6.b) 

with: 
 i

f  is the 
émei  iterative composition of f . The 

delay between input  u k  and the output  y k  is 

indicated by the relative degree r , this means that the 

measured input at a time k  only affects the system output 

after r  time units. 

Assuming that the system considered is minimum phase, 

the output  y k  is estimated at sampling instants taken 

successively until the appearance of the input  u k , then 

an explicit the binder inlet to the outlet of the system (6) 

can be established by (7): 
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                                     (7.a) 

The recursive relationship expressing output  y k r  

and the input  u k  is then obtained by the following 

equation (7.b): 

       ,
r

y k r h f x k u k                                       (7.b) 

If 
 

 

dy k r

dx k


 is nonsingular at equilibrium (chosen in 

this part, the source), one can express the state  x k  

based on past inputs and outputs [11],[12],[16],[20].  

The system output can be rewritten as (8): 

     1 ,dy k r k u k                                       (8.a) 

where: 
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m n

        



    

      (8.b)   

and d  non linear function. 

The basic idea of the performance input-output fuzzy 

discrete I.O.F.D.R is expressed in the nonlinear 

function d  given by (8) with a TSK-type fuzzy system 

whose rule base is a collection of rules of the form (9): 
 
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(9) 

with: 
iA 

  and , 1,vi

vB n  and 1, ,v m   the symbols 

are associated respectively with fuzzy variables 

 1y k    and  1u k v  and  1 1, , , , ,fd n mi i j j    

is the conclusion at  real constant associated with the rule 

indexed  1 1, , , , ,n mi i j j  . 

If L  and 
vV  the symbols are associated respectively 

with the fuzzy inputs  1y k    and  1u k v   defined 

on the universe of discourse, then the basis of regulatory 

system is composed of 
1 1

n m

v

v

L V
 

  


 fuzzy rules where 

   1, , and 1, , ,v v vi I L i J V      
               

1, ,n   and 1, .v m   
The output of the fuzzy system can then be expressed by 

(10): 
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Where:  k n m  is the input vector and     is the 

vector of degrees of validity of the premises of rules such 

as: 

         , , 1 , , , 1k y k y k n u k u k m                                         

            (10.b)  

For an optimal approximation of d  fuzzy noted df , 

the input-output relation (8) can be rewritten as (11): 

   dfy k r k                                              (11) 

where:   the approximation error is bounded by a 

positive   constant such that   . 

In the discrete case and for a reference 

trajectory  desy k , the system remains stable closed-loop 

control law  u k  for a given, if the output of the system 

satisfies (12): 

      0lim lim 0des
k k

e k y k y k
 

                                (12) 
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The trajectory tracking is checked if the nonlinear 

system ensures the controllability condition of output 

throughout the desired path, in other words: 

 

   
0d

dy k r d

du k du k

 
                                                   (13) 

We are interested, then, to develop a method for 

decomposing a fuzzy system overall elementary fuzzy 

subsystems each defined on a mesh elementary fuzzy. This 

decomposition ensures that the output of a fuzzy system 

overall is equal at every instant, the output generated by an 

elementary subsystem, which will subsequently facilitate 

the inversion problem of model. 

Suppose a TSK type fuzzy system [1],[12],[4] of the 

form (1) having  n  entries 
ne ,  the fuzzy system (1) is 

defined on input universe of discourse n given by (13) : 
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
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The system consists of  
1

1
n

p

p

L


  in fuzzy systems as 

each is defined by 2n  fuzzy rules, so the generated output 

of the overall fuzzy system (14) is rewritten by the 

following expression (15): 
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with: 
pi

pa  is the modal value of the fuzzy symbol pi

pA  such that: 

  1p

ip
p

i

pA
a 

 
It is proposed to transform a fuzzy subsystem to n  

inputs and one output  M.I.S.O in a subsystem in an input 

and an output SISO The principle is to transfer 1n  input 

variables 
1ne 
 premises to the conclusions of rules. This 

procedure aims to reduce the number of fuzzy rules for 

each subsystem and spend a TSK fuzzy system with 

multiple inputs to a fuzzy system to one, allowing 

procedure then the reversing mechanism of fuzzy model. 

For a system with n  inputs the output of the subsystem 

(15) can be rewritten as a following vector (16): 
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(16) 

The analytical expression of the output (16) above 

developed, can be examined by a sub-fuzzy system. 

The output of the fuzzy subsystem, taking into account 

the equation (16). For a fuzzy system to n  inputs the 

output generated, obtained following the parameterization 

Fig.1 of fuzzy symbols, can be expressed by the following 

generalized related (17): 
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 (17) 

If we assume  1 11 , , nP e e    the vector consists of 

1n  inputs, the output expression can be rewritten as 

follows: 

        
, , 11
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with: 
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            (18.b) 

From this transformation, for each elementary mesh, 

there are only two rules rather than 2n . We can then write: 

If  
     

1 1, , , ,
is Then , 1n

n n

i

n n ni i i i
e A s i P

    
          (19.a) 

If  
     

1 1

1

, , , ,
is Then 1, 1n

n n

i

n n ni i i i
e A s i P


 

      
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It is of interest to specify that the transformations of 

each output generated by the corresponding sub fuzzy 

systems are of major interest for the realization of the 

inversion of the fuzzy model appropriate. The problem of 

followed trajectory lies in the determination of an input 

(control) capable of returning the output from one system 

to the monitoring of the reference trajectory. To solve this 

problem, we assume that a system can reverse [14], [16], 

[17], [18], in the presence of the trajectory eligible to 

provide input, applied to the system , leads to a 

convergence of its output to the reference trajectory. 

In general, for an affine fuzzy system as ne  given by 

the form (19), if (20) is verified then the fuzzy inverse 

model is given analytically by the relation (20): 

 1 , ,
0

ni i

n

ds

de



                                                                (20) 

The fuzzy model is then given by the analytic (21) 

which is an exact reversal of the model: 
   
   

 
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1
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, ,
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2 2
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n i i i i

sP
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P P
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
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 
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This inversion is actually conditioned by the ownership 

of the input ne  to the corresponding mesh. 

 

III. REGULATION OF NONLINEAR DISCRETE 

SYSTEMS AFFINE IN CONTROL 
 

Deal with the complexities presented by nonlinear 

dynamical systems, several nonlinear control strategies 
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have been developed, we are interested in this work to the 

law of input-output linearization and fuzzy control internal 

model in a discreet [3],[4],[5],[6],[9],[12],[13]. 

A.  Input-Output Fuzzy Discrete Linearization 
The input-output linearization I.O.F.D.L is particularly 

suitable for systems affine in control, [18],[19],[20],[21]. 

In general, one can transform a class of nonlinear systems 

in a discrete class of linear systems through discrete 

linearization I.O.F.D.L. In this case, the transformed linear 

system can be controlled by current methods of automatic 

(discrete pole placement, internal model control, etc ...). 

The principle of I.O.F.D.L is to determine a control law 

 u k  such that the closed loop is stable and the system 

output  y k  converges to the desired trajectory  desy k . 

According to the principle of I.O.F.D.L, introducing a 

new input  v k to obtain the control law  u k  

[6],[7],[13] rewritten by the expression (22): 

   1 1,du k P v k                          (22) 

as: 

0dd

du


                                  (23) 

Then we can write (23): 

   y k r v k                                                (24) 

To solve the problem of instability, a pole placement 

strategy can be adopted to impose a dynamic closed loop. 

The new input v of the linearized system is then chosen as 

follows (25): 

 

     
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T
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
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 


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with: 

       
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0 1 0 0

0

, , , , , 1
TT

r
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e k y k y k

   
     

 

 
 (26) 

while the coefficients 
0 1, , r    are selected so that the 

solutions of the polynomial (27) are inside the unit circle: 
1

1 0 0r

rz z 

                                                 (27) 

We can conclude that: 

   0 0Te k r e k   ;  

 0lim 0
k

e k


                                                                  (28) 

The control law  u k of thus developed is able to 

ensure convergence to zero of the tracking error 

trajectory      0 des
e k y k y k  . These steps can be 

developed in a fuzzy, which is replaced by the nonlinear 

function d  and fd  the functions 1 and 

2 functions and are analytic functions for expressing the 

output of the fuzzy system activated on the mesh, it is then 

input-output fuzzy discrete linearization I.O.F.D.L [16], 

[20]. The control law  u k can be rewritten as (29): 

 
 1

2 2

fd

fd fd

v k
u k


 

 
                                                   (29) 

For  v k  is designed according to the equation (22), the 

dynamic equation error is given by (30): 

 0

Te k r e                                 (30.a) 

or in a matrix form: 

 0 1e k Ae B                                  (30.b) 

with: 

0 1 2 1

0 1 0 0

0 0 1 0

r

A

    

 
 
 
 
 
    





    



                   (30.c) 

 0 0 1TB                                (30.d) 

The Fig.7. illustrates the delay between the output  y k  

and output  y k r . The control loop nonlinear system 

by the law of I.O.F.D.L. However, the control law (29) 

does not ensure the robustness of the control structure 

proposed in the presence of uncertainties  . Actually, the 

development of I.O.F.D.L is synthesized from the nominal 

fuzzy model without taking into account uncertainty . 

The variance between the actual output and the fuzzy 

output is obtained by approximation given by the 

expression (31): 

   fy k r y k r                                    (31) 

as:   , 0   

The I.O.F.D.L is increased by an additive 

component
Au , we propose to synthesize by the 

optimization method H
 [10],[11],[12],[19] and is then 

written: 

     1

2 2 2

1 1fd

A

fd fd fd

u k v k u k


   
  

                    (32) 

In this case, the dynamic equation of the tracking error 

reference becomes: 

   0

T

Ae k r e k u                                     (33.a) 

or in a matrix form: 

   1 Ae k Ae k Bu B                            (33.b) 

and A are B as defined in (30.c) and (30.d). 

 

The principle of the control additive is shown in Fig 2. 

B.  Robustification by the component H  

The transfers function between the uncertainties and 

represented by   the tracking error trajectory 

 0e k without the addition of a component of 

robustification, can be determined from the dynamic 

equation (31). If we define  1 0 0 rC    so 

that    0e k Ce k  we obtain: 

   
0

1

eH z C zI A B


                                         (34.a) 
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The objective is to determine the additive component 

 Au k  so as to modify the transfer  
0eH z

 that: 

 
0eH z                               (34.b) 

With: 0   

Where: 

 
0 2

0 2

2

supe L

e
H z 





                  (34.c) 

The component 
Au  is defined as: 

 Au Ge k                    (35) 

The error equation becomes: 

     1e k A BG e k B Ae B                        (36) 

The transfer function between the uncertainties and the 

tracking error is expressed finally by (37): 

   
0

1

eH z C zI A B


                       (37) 

The component  is synthesized via an optimization 

H
using the modified Riccati inequality (38) [14],[11]: 

1
0

1

T T T T

T
A A P Q C C A B B A

B B

 
        

  
     

            (38.a) 

With: 

 
1

1 2 TP BB


                     (38.b) 

That: 

P  a symmetric positive definite matrix that, if it exists: 
20 et 0TQ B PB                    (38.c) 

Then the quadratic function: 

     
1

. .
2

Tk e k P e k                                (38.d) 

is a Lyapunov function [3],[10],[14] which satisfies the 

constraint mitigation given for the relation (38) and the 

transfer function between  and  0e k  given by (34). 

With  Au k  expressed by the relation with (38.e) below: 

     
1

T

A T

B A
u k e k e k

B B


  

 
                 (38.e) 

C. Fuzzy Discrete Internal Model Control  

The structure of the F.D.I.M.C is given in Fig.3. In our 

study, the process is to order a TSK model is obtained by 

the development of sub-fuzzy systems, in each elementary 

mesh, the overall fuzzy system and the fuzzy correction 

corresponding to the inverse model is adopted achieved by 

applying the principle of reverse previously developed. If 

a fuzzy model of the nonlinear process and its inverse can 

be determined, the F.I.M.C can be implemented [13], [14], 

[21], [18]. 

 

IV. APPLICATION 
 

We propose control the electrical system of nonlinear 

oscillatory "Duffing forced-oscillation" treated in [21] by 

both techniques I.O.F.D.L and F.D.I.M.C, described by 

the following dynamic equations: 

   

       

   

1 2

3

2 2 1

1

0.1 12cos

x t x t

x t x t x t u t

y t x t

 


    
 





      

  (39) 

The relative degree r  of the system (39) is equal his 

order n , such as: 

2r n                                                            (40) 

The fuzzy model of the TSK system is given by a 

collection of rules of the form: 
       

   

1 2 3 1 2
, ,

1 1

1 2 3 1 2

: If is and 1 is Then 2

, , ; 1, 6 and 1,2

i i i i i

fd

R y k A y k A y k

i i i u k i i

  

   

                                  (41) 

Consider the basic rules, illustrated in Table 1 according 

to the description of the fuzzy model of our system: 

Table I: Base of Fuzzy system rules of TSK 

 1

1A  2

1A  3

1A  4

1A  5

1A  6

1A  

1

2A  

1

3

2

3

: 2.2

: 0.06

A

A

  
1

3

2

3

: 2

: 0.5

A

A


 

1

3

2

3

: 1.1

:1.4

A

A



 

1

3

2

3

: 0.9

:1.1

A

A



 

1

3

2

3

: 0.5

:1

A

A



 

1

3

2

3

: 0.3

:1.6

A

A



 

2

2A  

1

3

2

3

: 1.4

:0.5

A

A

  
1

3

2

3

: 1.6

:0.7

A

A

  
1

3

2

3

: 0.8

:0.9

A

A



 

1

3

2

3

: 0.5

:1.1

A

A



 

1

3

2

3

: 0.4

:1

A

A



 

1

3

2

3

: 0.1

:0.9

A

A



 
 

The fuzzy model is identified around the desired 

trajectory    2sindesy k k . The universe of discourse 

of inputs  y k ,  1y k   and  u k  are:  

       

       

max maxmin min, 1 , 1

3,3 ; , 1.5,1.5

y k y k y k y k

u k u k

        

     

  

illustrated in the figure 4. 

The discretisation of the input-output representation of 

the system [22] refers to the Euler approximation [23] and 

the developed results in [24] are given by (42): 

 

         3

2

0.9 1 0.1 12 cos

y k

y k y k Ty k T k Tu k

 

     
   

               (42) 

Simulation result of open loop system is presented in 

Fig. 5 following which correspond to the discretized 

system response to a step T = 0.1s and error 

     0 dese k y k y k  . 

We notice the difference between the system output and 

the desired output. To minimize the error between the 

reference output and the output of open loop system is 

proposed to apply the one hand, the technique of input-

output linearization discreet, and secondly, the internal 

model control I.M.C as being of approaches to the 

regularization of nonlinear systems. 

A. Application of the I.O.F.D.L 

To apply the I.O.F.D.L we first develop the signal  v k , 

we then selected as pole placement 
1 0.78z  and 

2 0.36z . In developing control additive
Au , is 

chosen 2.5  , the selected matrix 0.001Q I  ( I is the 

identity matrix of order two), then there is a symmetric 

positive definite matrix P  :  
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1.1305 0.04

0.21 1.71
P

 
  
 

 

Table II includes the various measured quantities. 

Table II.  Robustification by component H
 

 without 
Au  2.5   

 
0eH z



 
5.241 1.201 

0e


 8.521 0.69 

G  - 0.313 1.421    

 

Table II shows the influence of additive Au on 

performance’s control system, in effect, the error  0e k is 

limited by the presence of Au . 

B. Application of the F.D.I.M.C 
In this part, it is intended to apply the I.M.C in the 

regulation of nonlinear system considered. In order to 

apply the I.M.C is used to elaborate the inverse fuzzy 

model required in the synthesis of the regulator. 

The decomposition of the overall fuzzy system proposed 

has five fuzzy subsystems set of 5 basic 

meshes  1,1,1 ,  2,1,1 ,  3,1,1 ,  4,1,1  and  5,1,1 .  

Let 1P  le vecteur composé des entrées  1e y k  and 

 2 1e y k  . The fuzzy system’s output is 

 2fs y k  the output of the subsystem defined on the 

fuzzy elementary mesh  1 2 3, ,i i i is given by the following 

expression: 

     
 

 

 

   
 

 
 

 

     

3
1 2 3 3

1 1 2 2
2

1 2

3
3

1 2 3 3 3 3, ,3 0,1

,

, 0,1

33 0,1

1 1 2 2 3 3

1 2 3

, , , 1 .

1 .
.

, ,

, 1 and

i

i

i i i A

i i

A

s i i i i P e

P
e

i i i

e y k e y k e u k



 

 



 




  



 





   

  
  
       

   






 

        

                                            (43) 

with: 

   
 

 
   

 

1 2 3

1 1 2 2

1 2

3 3, ,

,

1 1 2 2 3 3,

3

, 1

1 . , ,

0,1

i i i

i v i v

v v

i v P

P i v i v i v

v

 



  

   



             (45)              

From this transformation, for each elementary mesh, 

there are only two rules rather than 32 . For example for 

the mesh  3,1,1  of the output generated by appropriate 

fuzzy system can be expressed by the relation (46) as 

follows: 

 

 
     

 

   

   

3,1,1

0.024 1 0.068

0.009 1 0.097

0.102 0.013 1

0.036 1 0.145

s

y k y k y k
u k

y k

y k y k

y k y k



   
 
    

  

  
        

         (46) 

By use of the reversing mechanism fuzzy rules of the 

model are transformed into rules of order. 

To construct the inverse model (47), we must ensure that: 

 

 

2
0

dy k

du k


                                                                  (47) 

C. Simulation results 
Simulation result of the open loop system Fig. 5 shows 

that there is a considerable gap between the response end 

the desired output. The simulation results for the closed 

loop system are obtained by Fig. 6, 7, 9 and 10 following. 

For 2.5   the Fig 7 and 8 show the reference trajectory 

and the output of the system. We chose, first, as the model 

fuzzy subsystem whose entries belong to the mesh  3,1,1  

the response’s system and the evolution of the drive are 

presented in Fig 9 and 11 following, then, is implanted the 

five fuzzy subsystems developed the overall fuzzy system 

and we consider the minimal error between the output of 

the trial and the output nonlinear models I.M.C in the 

closed loop. The system output is now tainted by a 

disturbance equal to a unit step applied at time 

10t s .Simulations are performed if the model is the 

subsystem of the mesh and if we take into account all sub 

fuzzy systems of the overall system shown respectively in 

Fig 8, 11 and 12. The simulation results obtained by 

applying the two control techniques I.O.F.D.L and 

F.D.I.M.C, have emphasized the interest shown, no 

stability guarantee view for the controlled system. The 

application of the control law additive Au , in the case of 

I.O.F.D.L, introduced improvements to the trajectory 

tracking system, by minimizing the error  0e k between 

the system response and the desired output. However, due 

to external disturbances on the output, improving system 

performance is obtained by F.D.I.M.C while it is not 

guaranteed by the technique of  I.O.F.D.L which required 

optimization H . 

 

V. CONCLUSION 
 

We underlined the performance monitoring undertaken 

by the two methods of regulation adopted on the 

oscillatory system. However, the I.O.F.D.L, despite the 

satisfactory results presented point of view trajectory 

tracking, it cannot guarantee the performance maintains 

the controlled system such external disturbances. While 

the structure maintains F.D.I.M.C gave a satisfactory 

performance despite all the considered approximations and 

external disturbance on the output. 
ki
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Fig.1. Parameterization of Fuzzy Symbols Inputs 
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 Fig.2. Robustification of the I.O.F.D.L 
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F.I.M.C for Nonlinear Systems 
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Fig.5. Response of the System in the Open Loop 
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Fig.6. Reference Trajectory and Output of the Closed 

Loop System without uA 
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Fig.7. Reference Trajectory and Output of the System for 

2.5   
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Fig.8. Reference Trajectory and Output of the System for 

2.5  in Presence of Disturbance 

 

0 2 4 6 8 10 12 14 16 18 20
-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

t(s)

R
é
p
o
n
s
e
 d

u
 s

y
tè

m
e
 e

t 
s
o
rt

ie
 d

é
s
ir
é
e

y(k)

ydes(k)

 
Fig.9. Reference Trajectory and the System’s Output for 

the Mesh Subsystem  3,1,1
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Fig.10. Reference Trajectory and the System’s Output for 

all Fuzzy Subsystems 
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Fig.11. Reference Trajectory and the System’s Output                        

for the Mesh Subsystem  3,1,1 in Presence of Disturbance 
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Fig.12. Reference Trajectory and System’s Output                             

for  all Fuzzy Subsystems in Presence of Disturbance 
 

REFERENCES 
 
[1] C. Su, Y. Stepanenko, “Adaptive Control of a Class of Nonlinear 

Systems with Fuzzy Logic,” IEEE Trans. on Fuzzy Systems, Vol. 

2, NO. 4, November 1994, pp. 285-294.  

[2] P. Borne, G.D. Tanguy, J.P. Richard, F. Rotella, I. Zembettakis, 
“Modélisation et identification des processus,”  Tomes 1, 2. 

Editions Technip,1992. 

[3] R.A. Freeman, P.V. Kokotovic,  “Robust Nonlinear Control 
Design. State-Space and Lyapunov Techniques,” Ed. Birkhauser 

Boston, 1996. 

[4] J. Buckley, “ Sugeno type Controllers are Universal Controllers. 
Fuzzy sets and Systems,” 53, North-Holland Publishing 

Company, pp. 299-303, 1993. 

[5] JJ. Slotine, W. Li, “Applied Nonlinear Control,” Prentice-Hall. 
Inc., 1991. 

[6] A. Isidori, “Nonlinear Control System: an Introduction”. 
Springer Verlag, Berlin, 1985. 

[7] K. Tanaka, M. Sugeno, “Stability Analysis and Design of Fuzzy 

Control Systems. Fuzzy Sets and Systems,” No. 45, pp. 135-156 
(1992). 

[8] T. Takagi, M. Sugeno, “Fuzzy Identification of Systems and its 

Application to Modeling and Control,” IEEE Trans. on Syst. 

Man and Cybernetics, 1985, Vol. 15, pp. 116-132. 

[9] L.X. Wang, J.M. Mendel, “Fuzzy Basis Functions, Universal 

Approximation and Orthogonal Least-Squares Learning,”  IEEE 
Trans. on Neural Networks, 1992, Vol. 3, No. 5, pp. 807-814. 

[10] J. Alvarez, “An internal-model-controller for nonlinear discrete-

time systems,”   Proc. of 3rd Europ. Control Conf., Rome 
1995.pp. 301-306.  

[11] R. Babuska, H.B. Verbruggen, “Fuzzy Modeling and Its 

Application to Nonlinear Control,”  Proc. of the 2nd IFAC 
Symp. On Intelligent Components and Instruments for Control 

Applications (SICICA’94), Budapest, Hungary 1994. 

[12] S. Bel Hadj Ali, M. Gasmi, M. Benrejeb, “On internal model 
control strategy for a class of discrete-time non linear systems. 

Linear conjecture,” ICCCP’01, IEE/IEEE, Muscat 2001, pp. 

202-206. 
[13] R. Babuska, H.B. Verbruggen, “Fuzzy Modeling and Its 

Application to Nonlinear Control,” Proc. of the 2nd IFAC Symp. 

On Intelligent Components and Instruments for Control 
Applications (SICICA’94), Budapest, Hungary 1994. 

[14] P. Baranyi, I. Bavelaar, L.T. Koczy, A. Titli, “Inverse Rule Base 

of Various Fuzzy Interpolation Techniques,” Proc. of the 7th 
IFSA World congress, Prague 1997, pp. 121-126. 

[15] J.L. Boimond, “Commande à modèle interne en représentation 

d’état. Problèmes de synthèse d’algorithme de commande, ”  
Thèse de doctorat, INSA de Lyon, France 1990. 

[16] R. Boukezzoula, S. Galichet, L. Foulloy, “Commande à Modèle 

Interne Flou,” Actes des rencontres francophones sur la logique 
floue et ses applications (LFA’97), Lyon, France 1997, pp. 11-

16. 

[17] R. Boukezzoula, S. Galichet, L. Foulloy,  “Fuzzy Nonlinear 
Adaptive Internal Model Control (FNAIMC). Part I: Fuzzy 

Model Identification,” Proc. of the European Control Conference 

(ECC’99), Germany 1999. 
[18] C.G. Economou, M. Morari, B.O. Palsson, “Internal Model 

Control. 5. Extention to Nonlinear Systems,”  Ind Eng. Chem. 

Proc. Des. and Dev., Vol. 25, pp 403-409 1986. 
[19] M. Sugeno, G.T. Tang, “Fuzzy Modelling and Control of 

Multilayer Incinerator. Fuzzy Sets and Systems,” Vol. 18, pp. 

329, 1986. 
[20] L. Vermeiren, “Proposition de lois de commande pour la 

stabilisation de modèles flous,”  Thèse de Doctorat, Université 

de Valenciennes et du Hainaut-Cambersis, France, Nov.1998. 
[21] L.X. Wang, J.M. Mendel, “Fuzzy Basis Functions, Universal 

Approximation and Orthogonal Least-Squares Learning”  IEEE 

Trans. on Neural Networks, Vol. 3, No. 5, pp. 807-814, 1992. 
[22] I. Ben Cheikh Ahmed,, D. Soudani, M. Benrejeb, “On the 

internal model control of the fuzzy discrete-time nonlinear affine 
in the control systems,” 2nd International Conference IGSC 

2012, Marrakech, June 2012. 

[23] Roland. Longchamp. “Commande numérique de systèmes 
dynamiques, ” Press Polytechnique et Universitaires, Romandes, 

1995. 

[24] N. Tej, “Sur la discrétisation et l’analyse des systèmes non 
linéaires polynômiaux,” DEA, ENIT, 1998. 

 

AUTHOR’S PROFILE  
 

Ikbel Ben Cheikh Ahmed  
was born in Tunis, Tunisia, in May 1981. She 

received the Engineering Degree in Electrical 
Engineering, from the National Engineering School 

of Monastir in 2005, the Master Degree in Automatic 

and signal processing from the National Engineering 
School of Tunis in 2007. She is currently Assistant 

Professor at the Higher Institute of Technological Studies. Her current 

research interests are in the Control of discrete nonlinear systems. 

 

Dhaou Soudani  
was born in Tunisia, in July 1954. He received the 
Masters degree in Electrical and Electronic 

Engineering and the “Diplôme des Etudes 

Approfondies” in Automatic Control from the 
Normal Superior School of Technical Education in 

1982 and 1984, respectively. He obtained the 

Doctorate of Engineer in Electric Engineering from the National 
Engineering School of Tunis in 1997, and the Habilitation Universitaire 

in Electrical Engineering from the same School in 2007. He is currently a 

Professor in Automatic Control at the National Engineering School of 
Tunis and a member of the unit research “Laboratoire de Recherche en 

Automatique”. 

 

Mohamed Benrejeb  
was born in Tunisia in 1950. He obtained the 
Diploma of Ingenieur IDN (French Grande Ecole) in 

1973, The Master degree of Automatic Control in 

1974, the PhD in Automatic Control of the 
University of Lille in 1976 and the DSc of the same 

University in 1980. Full Professor at National 

Engineering School of Tunis since 1985 and at Ecole Centrale de Lille 
since 2003, his research interests are in the area of analysis and synthesis 

of complex systems based on classical and non conventional approaches. 

 


	PointTmp

