
 

  
  

Abstract—This paper presents a general methodology of 
adaptive control for a parallel or constrained manipulator based 
on its Takagi-Sugeno (T-S) fuzzy model. The problem of 
controller parameter adaption is accomplished using a direct 
approach, i.e. the controller parameters are estimated without 
explicitly estimating plant parameters or uncertainties. In the 
nonlinear dynamic equations of parallel manipulators, dependent 
and independent general coordinates are spitted in order to 
reduce linearization process complexity. The main advantage of 
the method is simplicity to implement in a wide range of 
industrial processes. The fuzzy and adaptive fuzzy methods have 
been applied to control of a two-link constrained manipulator 
and performances of the two controllers to accomplish trajectory 
tracking goal have been analyzed and compared numerically. 
 

I. INTRODUCTION 
HE main idea of this paper is using fuzzy and adaptive 
fuzzy controllers in parallel or constrained manipulators. 

Resent years have witnessed rapidly growing popularity 
of fuzzy control systems in engineering applications. The 
numerous successful applications of fuzzy controller have 
sparked a flurry of activities in the analysis and design of 
fuzzy control systems [1]. It is well known that most of the 
fuzzy controller structures fall into two categories; the 
Mamdani’s [2] type and the Takagi-Sugeno’s [3] type. In the 
complex systems, where the system dynamic model cannot be 
easily represented by a conventional mathematical approach, a 
T-S fuzzy model of the system is usually used.  

The combination of model-based adaptive control theory 
and fuzzy model description of a dynamic system results in 
direct model-reference fuzzy adaptive control systems which 
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provide higher adaptation ability than the basic adaptive 
control systems.  

Begovich and others presented Trajectory tracking control 
for two arm manipulator by combining linear regulator theory 
with the T-S fuzzy methodology [4]. The inverted pendulum 
problem has been simulated by TSFCNC1 and has been 
compared with T-S [5]. For controlling of a laboratory liquid-
level process in a wide working space around an equilibrium, 
Korba and others used fuzzy controller with observer [6], then 
Remillard and Boukas used previous method for controlling 
Stewart Platform [7]. Cho presented model based adaptive 
fuzzy control for trajectory tracking of two arm manipulator 
presence of uncertainties [8].  

This research analyzes implementation of a model reference 
adaptive fuzzy control (MRAFC) approach in a two link 
constrained manipulator. The dynamic equations of the system 
are described by a set of dependent and independent 
generalized coordinates. In order to reduce calculation and 
implementation cost, the dynamic nonlinear equations are 
linearized just upon the independent coordinates.  

The paper is organized as follows: in Section II the two-link 
constraint manipulator is introduced and its dynamic model is 
established. Model-based fuzzy controller design, utilizing the 
concept of ‘‘parallel distributed compensation’’, is given 
shortly in Section III. In Section IV a MRAFC is proposed to 
deal with structural and parameter uncertainty in the system. 
In Section V the performance of the MRAFC is compared 
with that of fuzzy controller in the presence of system 
uncertainties.  

 

II. DYNAMICAL MODELING 
The under constraint system is shown in Fig. 1. It consists 

of two massless links carrying a point mass at end of each 
link. The system moves in the vertical plane and 2m is 
constrained to move on a horizontal surface.  
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