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Abstract— Classical sliding mode controller is robust to 

model uncertainties and external d isturbances. A sliding 

mode control method with a switching control low 

guarantees asymptotic stability of the system, but the 

addition of the switching control law introduces 

chattering in to the system. One way of attenuating 

chattering is to insert a saturation function inside of a 

boundary layer around the sliding surface. 

Unfortunately, this addition disrupts Lyapunov stability 

of the closed-loop system. Classical sliding mode 

control method has difficulty in handling unstructured 

model uncertainties. One can  overcome this problem by 

combin ing a sliding mode controller and fuzzy system 

together. Fuzzy rules allow fuzzy systems to 

approximate arbitrary continuous functions. To 

approximate a time-varying nonlinear system, a fuzzy 

system requires a large amount of fuzzy rules. This 

large number of fuzzy ru les will cause a high 

computation load. The addition of an adaptive law to a 

fuzzy slid ing mode controller to online tune the 

parameters of the fuzzy  ru les in  use will ensure a 

moderate computational load. Refer to this research; 

tuning methodology can online adjust both the premise 

and the consequence parts of the fuzzy rules. Since this 

algorithm for is specifically applied to a robot 

manipulator. 

 

Index Terms— Classical Slid ing Mode Controller, 

Robust, Uncertainties, Chattering Phenomenon, 

Lyapunov Theory, Fuzzy Slid ing Mode Controller, 

Tuning Fuzzy Sliding Mode Controller, Robotic System 

 

I. Introduction 

Sliding mode controller (SMC) is one of the 

influential nonlinear controllers in certain and uncertain 

systems which are used to present a methodical solution 

for two main important controllers‘ challenges, which 

named: stability and robustness. Conversely, this 

controller is used in d ifferent applications; sliding mode 

controller has consequent disadvantages ; chattering 

phenomenon and nonlinear equivalent dynamic 

formulat ion; which chattering is caused to some 

difficult ies such as saturation and heat for mechanical 

parts of robot manipulators or drivers and nonlinear 

equivalent dynamic formulat ion in uncertain systems is 

most important challenge in highly  nonlinear uncertain 

system[1, 5-29].  In order to solve the chattering in the 

systems output, boundary layer method should be 

applied so beginning able to recommended model in the 

main mot ivation which in this method the basic idea is 

replace the discontinuous method by saturation (linear) 

method with s mall neighbourhood of the switching 

surface. To remove the above setbacks, control 

researchers have applied artificial intelligence method 

(e.g., fuzzy logic, neural network and genetic algorithm) 

in nonlinear robust controller (e.g., sliding mode 

controller, backstepping and feedback linearizat ion) 

besides this technique is very useful in order to 

implement easily. Estimated uncertainty method is used 

in term of uncertainty estimator to compensation of the 

system uncertainties.  It has been used to solve the 

chattering phenomenon and also nonlinear equivalent 

dynamic. If estimator has an acceptable performance to 

compensate the uncertainties, the chattering is reduced. 

Research on estimated uncertainty to reduce the 

chattering is significantly growing as their applications 

such as industrial automation and continuum robot 

manipulator. In recent years, artificial intelligence 

theory has been used in sliding mode control systems 

[31-40, 68]. Neural network, fuzzy logic and neuro-

fuzzy are synergically combined with nonlinear 

classical controller and used in nonlinear, time variant 

and uncertainty plant (e.g., robot manipulator).  Fuzzy 

logic controller (FLC) is one of the most important 

applications of fuzzy  logic theory. This controller can 

be used to control nonlinear, uncertain and noisy 

systems. This method is free of some model-based 

techniques as in classical controllers [33-38]. The main 

reasons to use fuzzy logic technology are able to give 

approximate recommended solution for uncertain and 

complex systems to easy understanding and flexible. 

Fuzzy logic provides a method which is able to  model a 

controller fo r nonlinear p lant with a set of IF-THEN 

rules, or it can identify the control actions and describe 

them by using fuzzy rules. The applicat ions of artificial 

intelligence, neural networks and fuzzy logic, on robot 

arm control have reported in  [29-31].  In various 

dynamic parameters systems that need to be training on-
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line tuneable gain control methodology is used. On-line 

tuneable control methodology can be classified into two 

main groups, namely, traditional adaptive method and 

fuzzy adaptive method. Fuzzy adaptive method is used 

in systems which want to training parameters by expert 

knowledge. Tradit ional adaptive method is used in 

systems which some dynamic parameters are known. In 

this research in order to solve disturbance rejection and 

uncertainty dynamic parameter, on-line tuneable 

method is applied to artificial sliding mode controller.  

Continuum robot manipulator is collection of links 

that connect to each other by joints, these joints can be 

revolute and prismatic that revolute joint has rotary 

motion around an axis and prismat ic joint has linear 

motion  around an axis. Each joint provides one or more 

degrees of freedom (DOF). From the mechanical point 

of view, continuum robot manipulator is divided into 

two main groups, which called; serial robot links and 

parallel robot links. In serial continuum robot 

manipulator, links and joints is serially connected 

between base and final frame (end-effector). Parallel 

continuum robot manipulators have many  legs with 

some links and jo ints, where in  these robot manipulators 

base frame has connected to the final frame. Most of 

continuum robots are serial links, which in serial robot 

manipulator the axis of the first three jo ints has a known 

as major axis, these axes show the position of end-

effector, the axis number four to six are the minor a xes 

that use to calculate the orientation of end-effector, at 

last the axis number seven to   use to avoid the bad 

situation. Kinematics is an important subject to find the 

relationship between rig id bodies (e.g., position and 

orientation) and end-effector in  robot manipulator. The 

mentioned topic is very important to describe the three 

areas in continuum robot manipulator: practical 

application, dynamic part, and control purposed 

therefore kinematics play important role to design 

accurate controller for robot manipulators. Continuum 

robot manipulator kinematics is divided into two main 

groups: forward kinematics and inverse kinematics 

where forward kinematics is used to calculate the 

position and orientation of end-effector with given joint 

parameters (e.g., jo int angles and joint displacement) 

and the activated position and orientation of end-

effector calcu late the joint variables in Inverse 

Kinemat ics[1]. Dynamic modeling o f robot 

manipulators is used to describe the behavior of robot 

manipulator, design of model based controller, and for 

simulation. The dynamic modeling describes the 

relationship between jo int motion, velocity, and 

accelerations to force/torque or current/voltage and also 

it can be used to describe the particular dynamic effects 

(e.g., inert ia, corio lios, centrifugal, and the other 

parameters) to behavior of system[1]. The OCTARM 

continuum robot serially links robot manipulator has a 

nonlinear and uncertain dynamic parameters serial link 

6 degrees of freedom (DOF) continuum robot 

manipulator. 

 

Even though, sliding mode controller is used in wide 

range areas but, pure it has chattering problem and 

nonlinear dynamic part challenges. On the other hand, 

fuzzy logic controller has been used for nonlinear and 

uncertain systems controlling. Conversely pure fuzzy 

logic controller (FLC) works in many areas, it cannot 

guarantee the basic requirement of stability and 

acceptable performance. A lthough both SMC and FLC 

have been applied successfully in many applications but 

they have some limitations. The boundary layer method 

is used to reduce or eliminate the chattering and 

proposed fuzzy Lyapunov estimator method focuses on 

substitution fuzzy logic system instead of dynamic 

nonlinear equation to implement easily and avoid 

mathematical model base controller. To reduce the 

effect of uncertainty in proposed method, novel 

antecedent and consequent adaptive method is applied 

to fuzzy slid ing mode controller in robot manipulator. 

The main  goal is to design a novel fuzzy adaptive fuzzy 

estimation sliding mode methodology which applied to 

robot manipulator with easy to design and implement. 

Robot manipulator has nonlinear dynamic and uncertain 

parameters consequently; following objectives have 

been pursuit in  the mentioned research: To  develop a 

chattering in a position pure variable structure controller 

against uncertainties, to design and implement  a 

Lyapunov fuzzy structure variable controller in order to 

solve the equivalent problems with min imum rule base 

and finally to develop a position fuzzy (antecedent and 

consequent) adaptive fuzzy estimation sliding mode 

controller in o rder to solve the disturbance rejection and 

reduce the computation load. 

This paper is organized as follows: 

In section 2, detail of dynamic equation of continuum 

robot arm, introduced the sliding mode controller and 

fuzzy logic theory are presented. Detail of tuning 

methodology which online adjusted both the premise 

and the consequence parts of the fuzzy rules  is 

presented in section 3. In section 4, the simulation result 

is presented and finally in section 5, the conclusion is 

presented. 

 

II. Theory 

Dynamic Modeling of Continuum Robot: The 

Continuum section analytical model developed here 

consists of three modules stacked together in series. In 

general, the model will be a more p recise replication of 

the behavior of a continuum arm with a greater of 

modules included in  series. However, we will show that 

three modules effect ively represent the dynamic 

behavior of the hardware, so more complex models are 

not motivated. Thus, the constant curvature bend 

exhibited by the section is incorporated inherently 

within the model. The model resulting from the 

application of Lagrange‘s equations of motion obtained 

for this system can be represented in the form 
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where   is a vector of input forces and q is a vector of 

generalized co-ordinates. The force coefficient matrix 

       transforms the input forces to the generalized 

forces and torques in the system. The inert ia matrix,   

is composed of four block matrices. The block matrices 

that correspond to pure linear accelerations and pure 

angular accelerat ions in the sys tem (on the top left and 

on the bottom right) are symmetric. The matrix   

contains coefficients of the first order derivatives of the 

generalized co-ordinates. Since the system is nonlinear, 

many elements of   contain first order derivatives of 

the generalized co-ordinates. The remaining terms in 

the dynamic equations resulting from gravitat ional 

potential energ ies and spring energies are collected in 

the matrix  . The coefficient matrices of the dynamic 

equations are given below, 
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Sliding mode controller (S MC) : SMC is a powerful 

nonlinear controller which has been analyzed  by many 

researchers especially in recent years. This theory was 

first proposed in the early 1950 by Emelyanov and 

several co-workers and has been extensively developed 

since then with the invention of high speed control 

devices [2]. The main reason to opt for this controller is 

its acceptable control performance in wide range and 

solves two most important challenging topics in control 

which names, stability and robustness [7, 17-20]. 

Sliding mode control theory for control of robot 

manipulator was first proposed in 1978 by Young to 

solve the set point problem ( ̇   ) by discontinuous 

method in the following form [19, 3]; 

 

 (   )  {
  
 (   )             

  
 (   )             
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where    is sliding surface (switching surface), 

           for n-DOF robot manipulator,   (   ) 

is the     torque of joint. Slid ing mode controller is 

divided into two main sub controllers: discontinues 

controller(    ) and equivalent controller(   ).  

Robot manipulators are one of the h ighly nonlinear 

and uncertain systems which  caused to needed to robust 

controller. This section provides introducing the 

formulat ion of sliding mode controller to robot 

manipulator based on [1, 6]Consider a nonlinear single 

input dynamic system of the form [6]: 
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Where u is the vector of control input,  ( ) is the      
derivation of  ,   ,   ̇  ̈    

(   )-   is the state 

vector,  ( ) is unknown or uncertainty, and  ( ) is of 

known sign function. The control problem is truck to 

the desired state;    ,    ̇   ̈      
(   )-  , and 

have an acceptable error which is given by: 
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A time-varying sliding surface  (   ) is given by the 

following equation: 
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where λ  is the positive constant. To further penalize 

tracking error integral part can be used in sliding 

surface part as follows: 
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The main target in this methodology is kept the 

sliding surface slope  (   ) near to the zero. Therefore, 

one of the common strategies is to find input   outside 

of  (   ). 
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where ζ is positive constant and in equation (11) 

forces tracking trajectories is towards sliding condition.  

 

If  S(0)>0 
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To eliminate the derivative term, it  is used an integral 

term from t=0 to t=        
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Where        is the time that trajectories reach to the 

sliding surface so, suppose S(        ) defined as 
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Equation (15) guarantees time to reach the slid ing 

surface is smaller than  
| ( )|

 
  since the trajectories are 

outside of  ( ). 
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suppose S is defined as  
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The derivation of S, namely,  ̇ can be calculated as 

the following; 
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suppose the second order system is defined as;  
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Where   is the dynamic uncertain, and also since 

         ̇   , to have the best approximat ion , ̂ is 

defined as 
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A simple solution to get the sliding condition when 

the dynamic parameters have uncertainty is the 

switching control law: 
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where the switching function    ( ) is defined as 
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and the  ( ⃗⃗   )  is the positive constant. Suppose by 

(21) the following equation can be written as, 
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and if the equation (22) instead of (23) the sliding 

surface can be calculated as  
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in this method the approximation of   is computed as 

 

 

Therefore the switching function    ( ) is added to 

the control law as 
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Based on above discussion, the control law for a 

multi degrees of freedom robot manipulator is written 

as:  
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Where, the model-based component     is the 

nominal dynamics of systems and      can be calculate 

as follows: 
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and      is computed as; 
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The control output can be written as; 
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By (29) and (30) the sliding mode control of robot 

manipulator is calculated as;  

 

  [   (     )   ̇]       ( ) (31) 

 

The Lyapunov formulation can be written as follows, 
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The derivation of   can be determined as, 
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The dynamic equation of robot manipulator can  be 

written based on the sliding surface as  
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Suppose the control input is written as follows  
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By replacing the equation (37) in (36) 
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It is obvious that 
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The Lemma equation in  robot manipulator system 

can be written as follows 

 

   [| ̃ ̇|  |  |  | |  |   |   ]    

            

(40) 

 

The equation (35) can be written as 
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Therefore, it can be shown that 
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Consequently the equation (42) guaranties the 

stability of the Lyapunov equation. 

Fuzzy Inference Engine: This section provides a 

review about foundation of fuzzy logic based on [32- 

53]. Supposed that   is the universe of discourse and   

is the element of  , therefore, a  crisp set can be defined 

as a set which consists of different elements ( ) will all 

or no membership in  a set. A  fuzzy set is a  set that each 

element has a membership grade, therefore it can be 

written by the following definition; 

 

  *    ( )|   +      (43) 

 

Where an element of universe of discourse is  ,    is  

the membership function (MF) of fuzzy set. The 

membership function (  ( )) of fuzzy  set   must have 

a value between zero and one. If the membership 

function   ( )  value equal to zero o r one, this set 

change to a crisp set but if it has a value between zero 

and one, it is a fuzzy set. Defin ing membership function 

for fuzzy sets has divided into two main  groups; namely; 

numerical and functional method, which in numerical 

method each number has different degrees of 

membership function and functional method used 

standard functions in fuzzy  sets. The membership 

function which is often used in practical applications 

includes triangular form, trapezoidal form, bell-shaped 

form, and Gaussian form.  

Linguistic variable can open a wide area to use of 

fuzzy logic theory in many applications (e.g., control 

and system identification). In a natural artificial 

language all numbers replaced by words or sentences.  

 

        Ru le statements are used to formulate the 

condition statements in fuzzy logic. A single fuzzy 

        rule can be written by 

 

                        (44) 

 

where   and   are the Linguistic values that can be 

defined by fuzzy set, the           of the part of 

         is called the antecedent part and the      
     of the part of          is called the Consequent or 

Conclusion part. The antecedent of a fuzzy if-then ru le 

can have multip le parts, which the following rules 

shows the multiple antecedent rules: 
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where   is error,  ̇ is change of error,    is Negative 

Big,    is Medium Left,   is torque and    is Large 

Left.         rules have three parts, namely, fuzzify 

inputs, apply fuzzy operator and apply  implication 

method which in fuzzify  inputs the fuzzy statements in 

the antecedent replaced by the degree of membership, 

apply fuzzy operator used when the antecedent has 

multip le parts and replaced  by single number between 0 

to 1, this part is a degree of support for the fuzzy rule, 

and apply implication method used in consequent of 

fuzzy ru le to replaced by the degree of membership. 

The fuzzy inference engine offers a mechanism for 

transferring the rule base in fuzzy set which it is divided 

into two most important methods, namely, Mamdani 

method and Sugeno method. Mamdani method is one of 

the common fuzzy in ference systems and he designed 

one of the first fuzzy  controllers to control of system 

engine. Mamdani‘s fuzzy inference system is divided 

into four major steps: fuzzificat ion, rule evaluation, 

aggregation of the rule outputs and defuzzification.  

Michio Sugeno use a singleton as a membership 

function of the rule consequent part. The following 

definit ion shows the Mamdani and Sugeno fuzzy  ru le 

base 

 

                                        
                                                                                              
                                         

                                            (   )                                      
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When   and   have crisp values fuzzification 

calculates the membership degrees for antecedent part. 

Rule evaluation focuses on fuzzy  operation (       ) 

in the antecedent of the fuzzy rules. The aggregation is 
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used to calculate the output fuzzy set and several 

methodologies can be used in fuzzy logic controller 

aggregation, namely, Max-Min aggregation, Sum-Min 

aggregation, Max-bounded product, Max-drastic 

product, Max-bounded sum, Max-algebraic sum and 

Min-max. Two most common methods that used in 

fuzzy logic controllers are Max-min  aggregation and 

Sum-min aggregation. Max-min aggregation defined as 

below 

 

  (       )   ⋃     
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The Sum-min aggregation defined as below 
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where   is the number of fuzzy rules activated by    
and    and also  ⋃     

   
(       )  is a fuzzy  

interpretation of      rule. Defuzzification is the last 

step in the fuzzy inference system which it is used to 

transform fuzzy set to crisp set. Consequently 

defuzzificat ion‘s input is the aggregate output and the 

defuzzificat ion‘s output is a crisp number. Centre of 

gravity method (   )  and Centre of area method 

(   ) are two most common defuzzification methods, 

which     method used the following equation to 

calculate the defuzzification 
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and     method used the following equation to 

calculate the defuzzification 

 

   (     )  
∑      (        ) 

∑    (        ) 

 
(50) 

 

Where    (     )  and    (     )  illustrates the 

crisp value of defuzzificat ion output,      is d iscrete 

element of an output of the fuzzy set,    (        ) is 

the fuzzy set membership function, and   is the number 

of fuzzy rules. 

Based on foundation of fuzzy logic methodology; 

fuzzy log ic controller has played important rule to 

design nonlinear controller for nonlinear and uncertain 

systems [53-66]. However the application area for fuzzy 

control is really wide, the basic form for all command 

types of controllers consists of; 

 Input fuzzification (binary-to-fuzzy[B/F]conversion)  

 Fuzzy rule base (knowledge base) 

 Inference engine 

 Output defuzzificat ion (fuzzy-to-

binary[F/B]conversion). 

 

III. Methodology 

First part is focused on eliminate the oscillation 

(chattering) in  pure SMC based on linear boundary 

layer method. To reduce or eliminate the chattering it  is 

used the boundary layer method; in boundary layer 

method the basic idea is replace the discontinuous 

method by saturation (linear) method with small 

neighborhood of the switching surface. This replace is 

caused to increase the error performance [20-24]. 
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Where   is the boundary layer thickness. Therefore, 

to have a smote control law, the saturation function 

   (  ⁄ ) added to the control law: 
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Based on above discussion, the control law for a 

robot manipulator is written as [10-24]: 

 

          (54) 

 

Where, the model-based component     is the 

nominal dynamics of systems and      can be calculate 

as follows: 
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and      is computed as; 
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The control output can be written as; 
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         ( )     | |   

      
 
 ⁄             | |   

  

(57) 

 

Second step is focused on design fuzzy  estimation 

variable structure based on Lyapunov formulat ion. The 

firs type of fuzzy systems is given by 

 

  ( )   ∑      
   

( )      ( ) (58) 
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Where 
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             are 

adjustable parameters in (58).     
(  )       (  ) are 

given membership functions whose parameters will not 

change over time. 

The second type of fuzzy systems is given by  
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(59) 

 

Where       
        

  are all adjustable parameters. 

From the universal approximation theorem, we know 

that we can find a fuzzy  system to estimate any 

continuous function. For the first type of fuzzy systems, 

we can  only ad just    in (58). We define   ( | )   as 

the approximator of the real function ( ).  
 

  ( | )      ( ) (60) 

 

We define    as the values for the minimum error: 

 

         
   

[   
   

|   ( | )    ( )|]  (61) 

 

Where   is a constraint set for  . For specific 

         | 
 ( |  )   ( ) |   is the minimum 

approximation error we can get. 

We used the first type of fuzzy systems (59) to 

estimate the nonlinear system (48) the fuzzy 

formulation can be write as below; 
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(62) 

 

Where         are adjusted by an adaptation law. 

The adaptation law is designed to minimize the 

parameter errors of      . A fuzzy  system is designed 

to compensate the uncertainties of the nonlinear system. 

The control input is given by 
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Where   ( )  ,  
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    ̇       where   ,       -
 ,        

            
     and        

   . 

From Universal Approximation Theorem in (61), 

there exists an optimal fuzzy controller   
 

 
(  )  such 

that: 
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Where    is the minimum approximation error. 

The fuzzy if-then rules are given by fuzzy rule base. 

In (62), we assume ∑    
 (   ̇) 

       and   
 (   ̇) 

becomes 
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Where we define   
      

 (   ̇). The membership 

function    
 (   ̇) is a Gaussian membership function 

represented by 
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Then the fuzzy estimator   
 
(   ̇) is given as 
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where   
  and   

  are the optimal values based on 

Universal Approximation Theorem in (61). We define 

 ̃    
      ,   ̃    

       is rewritten as 
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We take Taylor series expansion of    around two 

vectors    and    where    ,  
      

 -  and 
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  are defined in (66)): 
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where  ̃     
       ̃     

      and        

denotes the higher order terms. We rewrite (70) as 
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(72) 

 

We substitute (71) into (69):  
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where      
          ̃ 

  ̃      is assumed to be 

bounded by |  |     .    is a constant and the value of 

   uncertain to the designer. We define    as the real 

value and the estimation error is given by 
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       (74) 

 

Third step is focused on design fuzzy (antecedent 

and consequent) adaptive fuzzy estimation sliding mode 

based on Lyapunov formulation. We produce an 

adaptation law to online tune the following parameters: 

   in (64),   
  ,   

  in  (66) and the bound    in (74). The 

adaptation laws are expressed as  
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where               and     are positive constants; 
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 -  ;    ,    are g iven in (72);  

    (  ) is the compensation term defined in (63). 

If the following Lyapunov function candidate defined 

by: 
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The derivative of  is defined by: 
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where  ̃     
     ,  ̃     

     ,  ̃     
  

   ,  ̃     
     . from robot manipulator 

formulation and (1):  
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We substitute the adaption law (75)-(79) in to (84): 
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where   ̇  is negative semidefinite . We define 

 ̇  |  ( ) |(|  |    
 ). From  ̇    , we can get    ( )  

is bounded. We assume |  ( )|     and rewrite 
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Then we take the integral on both sides of (86): 
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If      , we can get       from (87). Since we can  

prove   ̇  is bounded (see proof in  [15]), we have 

 ̇    . We introduce the following Barbalat
 '

s 

Lemma[16]. 

Lemma: let       be a uniformly  continues 

function on ,   ) . Suppose that       ∫  ( )  
 

  

exists and is finite. Then, 

 

       ( )     

 

Therefore, by using Barbalat
 '
s Lemma, we can get 

        ( )    and         ( )    .  

 

IV. Results 

This methodology can online adjust both the premise 

and the consequent parts of the fuzzy ru les. In this 

method we choose  ̂  ̂     ̂ for compensation. We 

define five membership functions for each input 

variable based on 

 

 
  
 (  )     , (  

 (     
 )) -  (88) 

 

Sliding mode controller (SMC) and proposed fuzzy  

(premise and the consequent) adaptive fuzzy estimator 

sliding mode controller were tested to sinus response 

trajectory. The simulation was implemented in 

Matlab/Simulink environment. Link/joint trajectory and 

disturbance rejection are compared in these controllers. 

These systems are tested by band limited white noise 

with a predefined 40% of relative to the input signal 

amplitude.  

Link/joint Trajectory: Figure 1 shows the link/ joint 

trajectory in SMC and proposed methodology without 

disturbance for sinus trajectory. (This techniques is 

applied to first two  link of continuum robot manipulator)  

  

 

Fig. 1: Proposed method (AFESMC) and SMC trajectory: applied to 

continuum robot manipulator 

 

 

Fig. 2: Proposed controller (AFESMC) and SMC trajectory with 
external disturbance: applied to robot manipulator 

 

By comparing sinus response, Figure 1, in SMC and 

proposed controller, the proposed controller‘s overshoot 

(0% ) is lower than SMC's (3% ). 
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Disturbance rejection: Figure 2 is indicated the 

power disturbance removal in SMC and proposed 

controller. Besides a band limited white noise with 

predefined of 40% the power of input signal is applied 

to the sinus SMC and proposed controller; it found 

slight oscillations in SMC trajectory responses.  

 

V. Conclusion 

In this paper, a fuzzy (premise and consequent) 

adaptive robust control fuzzy  estimator slid ing mode 

method is proposed in order to design a high 

performance robust controller in the presence of 

structured uncertainties and unstructured uncertainties. 

The approach improves performance by using the 

advantages of sliding mode control, fuzzy logic 

estimation method and adaptive control while the 

disadvantages attributed to these methods are remedied 

by each other. This is achieved without increasing the 

complexit ies of the overall design and analysis of the 

controller. The proposed controller attenuates the effort 

of model uncertainties from both structured 

uncertainties and unstructured uncertainties. Thus, 

transient performance and final tracking accuracy is 

guaranteed by proper design of the controller. The 

results revealed that adaption of fuzzy rules weights 

reduce the model uncertainties significantly, and hence 

farther improvements of the tracking performance can 

be achieved. This algorithm created a methodology of 

learning both the premise and the consequence part of 

fuzzy rules. In this method chattering is eliminated. 
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