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ABSTRACT 
In this paper, we are investigating sliding mode control approach 

for trajectory tracking of a two-link-manipulator with wheeled 

mobile robot in its base. The main challenge of this work is 

dynamic interaction between mobile base and manipulator which 

makes trajectory tracking more difficult than n-link manipulators 

with fixed base. Another challenging part of this work, is to avoid 

from chattering phenomenon of sliding mode control that makes 

lots of damages for actuators in real industrial cases. The results 

show the effectiveness of sliding mode control approach for desired 

trajectory.  
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1. INTRODUCTION 

In recent decades, robots made a great shares of industrial 

processes. The robotic manipulators can perform a lot of repetitive 

daily jobs with high precision. The use of constant manipulator 

could be seen in many factories like car industry and etc. However, 

many researcher have worked in field of dynamic modelling of 

mobile manipulators and different control methods for robotic 

manipulators to reach better performances, as much as possible. 

Non-holonomic constraint of mobile robots, has been studied in 

some papers [2-4]. Some papers considered flexibities of 

manipulators and its joints to have better kinematic and dynamic 

model of robot for precise path planing and positioning [5-7]. 

Due to limitation of working area for fixed robotic manipulators, 

the need for mobile manipulator which mobile base can follow a 

path and manipulators mounted on mobile base, can follow another 

desired path, have sensed more than before. In this case, due to 

dynamic interaction between mobile base and manipulators, 

dynamic modelling of mobile robot is more complicated. Some 

researcher studied dynamic modelling of mobile manipulators [8-

13]. 

One of important characteristics of robotic manipulators (No matter 

fixed manipulators or mobile manipulators) is, dynamic load 

carrying capacity of manipulator. To determine the dynamic load 

carrying capacity or maximum allowable carrying capacity for a 

manipulator, we should consider some constraints like maximum 

allowable torques for Actuators and joints and bound of accuracy 

of end effector for a given trajectory. This was subject of many 

studies in robotic manipulators [14-18]. 

Different control methods, implemented to control fixed 

manipulators, mobile robots and mobile manipulators, for path 

planning or dynamic load carrying capacity purposes. Nonlinear 

control approaches like feedback linearization, back stepping, 

adaptive control, sliding mode control and etc, has been studied in 

many papers [19-23]. Artificial intelligence approaches like neural 

network, fuzzy control, genetic algorithms, was subject of many 

other researches in field of control of mobile manipulators [24-30].  

In this paper, we used sliding mode control, as control method for 

path planning purpose. We assumed that mobile base is following 

a linear path and end effector follows a circular path. Our wheeled 

mobile robot, assumed to be holonomic and we assumed that all of 

manipulators and joints are solid and flexibility terms are 

negligible. 

We simulated our control design system for a desired path, when 

wheeled mobile robot in base is following a straight line, and end 

effector of manipulator follows a circular path. The result shows 

the effectiveness of sliding mode control for trajectory tracking of 

mobile manipulators. We showed in simulation results, how we can 

tune sliding parameters and get different results. 
 

2. DYNAMIC MODELING OF MOBILE 

MANIPULATOR 
Dynamic modeling of N-link manipulators, in general form, and 

with fixed base, was the topic of robotics researches in past decades 

and many researchers improved the governing equations by 

considering flexibility in joints and manipulators and etc. In recent 

decades, study of governing equation of manipulators with mobile 

base, is one of trending topics for robotic researchers. Considering, 

holonomic and non-holonomic constraint of mobile base, type of 

mobile base (wheeled or omni-directional or etc) and dynamic 

interaction between mobile base and manipulators, makes this topic 

challenging, for researchers. In figure 1, schematic of the mobile 

manipulator which will be studied in this paper, is shown. 

 

 
Figure 1: schematic of a two-link mobile manipulator 
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