
 
 

 

  

Abstract—In this paper a state feedback controller is 
designed for Rigid Link Electrically-Driven (RLED) 
manipulators actuated by a brushed DC (BDC) motors based 
on joint velocity estimation. The observer based controller is in 
fact a model based controller but it can be shown practically 
that the method is robust against parametric uncertainties. 
Initially pseudo-velocity filter is proposed to estimate the joint's 
velocity, provided joint's position are measured. Using the 
measured and estimated states, a controller is designed through 
the direct Lyapunov method. It is shown that the controller is 
asymptotically stable in it's region of attraction, both in 
position and velocity tracking. To show the validity of the 
proposed scheme, the algorithm is implemented on a two link 
planar manipulator actuated by BDC motors. 

I. INTRODUCTION 

    Over the last decade, lots of studies have been directed to 
the design of sophisticated control strategies for robotic 
systems. Many outstanding results can be found in textbooks 
like [1-2].  

In most of the developed schemes, it is assumed that all 
the states are available for the controller, usually the joint's 
position are measured and their velocities are evaluated 
numerically using a time derivative approximation of the 
measured joint's position. Clearly this approach does not 
lead to accurate results in the case of high velocity robotic 
systems, where the actuator dynamics should be considered 
[22]. Hence the efforts of control designers were later shifted 
towards reducing the number of external sensors required to 
generate the torque input control signal. 

For nonlinear systems, several approaches have been 
presented in the literature to solve the nonlinear observer 
design problem [3-21]. The first possibility consists of 
transforming a nonlinear problem into a linear one by an 
extended linearization technique [3] or by pseudo-
linearization method [4], there have been also the exact 
linearization technique [5], which consists of transforming 
the nonlinear system into a linear one to apply the linear 
observation theories. The second possibility consists of 
designing a nonlinear observer based on nonlinear error 
dynamics of the system such as high gain observer design 
[6-8] and sliding observer design [9-10]. Motivated by the 
above developments, the control problem of robotic systems 
using partial knowledge of the state variables (only joint 
measurements) has been received an increasing attention by 
the researchers [15-21]. None of the aforementioned 
researches considered the actuator dynamics.  

It is demonstrated by Good, et.al [22] that actuator 
dynamics constitute an important part of the complete robot 
dynamics, especially in the cases of high-velocity movement 
and highly varying loads. The inclusion of the actuators into 
the dynamic equations complicates the controller structure 
and its stability analysis since the systems are described by 
third-order differential equations [23]. The study of the 

                                                           
   

 

control of the rigid robots including actuator dynamics is 
still an open forum in the literature [23-31]. Based on the 
Freund’s nonlinear control theory, Beekmann and Lee [24] 
proposed a nonlinear control law for RLED systems. By 
using the linearizing method, Taylor [25] presented a control 
method where the switched reluctance motor was considered 
as the actuators, and Tarn et.a1 [23] developed a controller 
with direct-current motors as the inputs. It should be noted 
that the design procedure in the aforementioned schemes is 
based on complete feedback from the robot state variables 
and current. 

 Furthermore, up to now there is no theoretical support to 
quantify the effects of this approximation neither in the 
closed-loop stability nor on the tracking precession for 
robotic systems. The problem in this note is the natural 
consequence of these open questions for RLED robot 
manipulators.  

In Section II an electromechanical model of the RLED 
robot actuated by BDC motors is presented. Velocity 
observer dynamics is presented in section III. In Section IV, 
the design of the observer-based controller for the system 
and its stability analysis of the closed loop system is given. 
In Section V the application of the presented control method 
to a two link RLED manipulator is studied by numerical 
simulation of the system. Sections VI concludes the paper 
and discuss some of the important issues in the study. 
 

II. MATHEMATICAL MODELING OF SYSTEM DYNAMICS 
In this section, first, we present electromechanical 

dynamic equations of an n-link serial manipulator robot 
directly driven by a set of brushed DC motors (herein 
referred to as the BDC-RLED robot). Next, four useful 
properties related to the structure of the mechanical 
subsystem equations are summarized. 

 
A. ELECTROMECHANICAL SYSTEM DYNAMICS 

Dynamics of a BDC-RLED consists of a set of cascaded 
subsystems which link the input vector of motors voltage to 
the output vector of links position. The mathematical model 
for an n-link BDC-RLED robot is given by 
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where n∈ℜq is the vector of the joints position, n∈ℜI is 

the vector of the motors current, n∈ℜv is the vector of 
motors voltage, ( ) n n×∈ℜM q is the positive definite 

generalized mass matrix, ( ) n∈ℜC q,q q  represents the 

centripetal and coriollis forces, n∈ℜG is the contribution 
of gravity terms, n n×∈ℜL  is the motors inductance matix, 

n n×∈ℜR  is the motors resistance matrix, n n
e

×∈ℜK  is 

An Observer-Based State Feedback Controller Design for Robot 
Manipulators Considering Actuators' Dynamic 

     M. Homayounzade, M. Keshmiri, M. Danesh 
                  Dept. of Mechanical Engineering  
                 Isfahan University of Technology 
                                     Isfahan, Iran 

978-1-4244-7826-2/10/$26.00 ©2010 IEEE 240


	MAIN MENU
	Search
	Print
	View Full Page
	Zoom In
	Zoom Out
	Help

