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Abstract:  In this paper, a robust controller for electrically driven robotic systems is developed. The controller is designed 
in a backstepping manner. The main features of the controller are: 1) control strategy is developed at the voltage level and can 
deal with both mechanical and electrical uncertainties; 2) the proposed control law removes the restriction of previous robust 
methods on the upper bound of system uncertainties; 3) it also benefits from global asymptotic stability in the Lyapunov 
sense. It is worth to mention that the proposed controller can be utilized for constrained and nonconstrained robotic systems. 
The effectiveness of the proposed controller is verified by simulations for a two link robot manipulator and a four-bar linkage. 
In addition to simulation results, experimental results on a two link serial manipulator are included to demonstrate the 
performance of the proposed controller in tracking a given trajectory. 
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1 Introduction 
System uncertainties arising from errors in system 

modeling, variation of system parameters and unmodelled 
physical phenomena such as unstructured friction, are 
inevitable and produce an extra difficulty in the process of 
controller design [1, 2].  

Various control techniques have been evolved to mitigate 
the effects of uncertainties for decades and have recently 
reattracted notable attentions from both industry and 
academic investigation. Among these methods robust and 
adaptive methods provide appealing and efficient approaches 
to handle the control analysis and synthesis of uncertain and 
ill-defined complex nonlinear systems. 

In the adaptive approach, the controller learns the 
parameter uncertainties and gets tuned with the parameter 
variations. Hence adaptive method can be used for a wide 
range of system uncertainties. Since the controller parameters 
should be updated with the uncertainty variations, this 
method is a time consuming approach [2].  

In the past decades, robust control of uncertain nonlinear 
dynamics has undergone rapid developments and there have 
been developed a lot of robust control methods such as LQG, 
LTR, H∞  control, sliding mode control and etc. In contrast 
to adaptive controllers, a robust controller has a fixed 
structure which yields an acceptable performance for a 
restricted range of uncertainties. A robust controller does not 
need the exact functional nature of the model [3], however it 
requires some knowledge about bounding functions on the 
largest possible size of the uncertainties [1]. 

A systematic framework for tackling a robust output 
regulation problem for general uncertain nonlinear systems 
was given in [4-6]. It was evolved from the proposed 
approach in [1] and deals with a local robust output regulation 
problem through an output feedback control. In [7] a constant 
bound for parametric uncertainties is assumed. Different 
uncertainty bounds have been considered for designing 
robust robot controllers [8-16]. Unstructured uncertainty 
bound has been usually considered as a constant [8, 9] or as a 
function of state variables [10-16]. 
Actuator dynamics contemplate as a significant component 
of the entire robot dynamics, particularly in the cases of 
high-velocity maneuver and highly varying loads [17]. 

Contemplating the actuators into the dynamic equations 
engenders the system dynamics to be described by a set of 
third-order differential equations and complicates the 
controller design and its stability analysis [18]. Control of 
rigid robots including actuator dynamics is still an open 
forum in the literature [19-25].  

The main subject of this paper is to deal with trajectory 
tracking of electrically driven robotic systems considering 
uncertainties in both mechanical and electrical subsystems. 
The overall controller is designed through a backstepping 
approach.  

The main contribution of this paper can be addressed as:  
1- Relaxing the restrictive assumption made on the largest 

possible size of the system uncertainties. In [16] we have 
developed a robust controller for robotic systems. The 
proposed method like many conventional methods is 
suffering from the restricted range of applications due to the 
bound made on the system uncertainties (especially the 
inertia matrix). This restriction will be removed through the 
deployment of the new method. 

2- The presented method improves the performance of the 
system in tracking any given desired trajectories such that it 
results in global asymptotic stability of the system.  

3- In the majority of the previous researches the actuator 
dynamics is neglected, while in this study actuators dynamics 
as well as their uncertainties are taken into account in the 
development of the controller. 

The remainder of this paper is organized as follows. In 
section 2 dynamical model of electrically driven robots and 
its properties are presented. In section 3, the controller is 
designed. Section 4 analyzes the stability of the proposed 
model. In section 5, the proposed controller will be extended 
to constrained robotic systems. The numerical and 
experimental results for two different case studies; a two link 
serial manipulator and a four-bar linkage, are presented in 
section 6. Section 7 concludes the analysis. 

2 Dynamic modeling of robotic 
systems 

In this section initially we present the governing dynamic 
equations of an n-link manipulator. Then two useful 
properties related to these equations are summarized. 
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