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Abstract−−  A generic kinematic control, which is 

directly applicable to any type of wheeled mobile 
robot, is proposed in this work.  Firstly, it is pre-
sented the kinematic models of the four common 
types of wheels (fixed, centered orientable, castor and 
Swedish) a classification of wheeled mobile robots. 
Afterwards, it is proposed a kinematic control 
scheme with three nested loops: dynamic, kinematic 
and planning. In particular, it is studied in depth the 
kinematic loop through the position control and the 
inverse kinematics of wheels. It is also studied indi-
rectly the planning loop through the characterization 
of the references that each type of mobile robot can 
track with no error. Finally, the kinematic control 
proposed is applied to an industrial forklift in simu-
lation and in a real situation.  
Keywords−− Kinematic control, wheeled mobile 

robots, tracking references, nested loops. 

I. INTRODUCTION 
Wheeled mobile robots (WMR) are used in the automa-
tion of industrial processes and in other areas like agri-
culture. They are mainly involved in reference tracking. 
So, a proper control is essential for that purpose. 

Some researches have developed a WMR control 
based on geometric methods. It consists on applying 
control signals in such a way that the WMR follows a 
curve that connects its actual position with a goal posi-
tion on the reference trajectory. For instance, Ollero et 
al. (1994) used circular arcs as connecting curves, 
meanwhile Shin (1990) used fifth order polynomials. 
This control develops a point-to-point trajectory track-
ing (pure-pursuit) so it is difficult to guarantee stability 
for a particular trajectory and to optimize some pursuit 
parameters for a good reference tracking. 

Other authors have used tools of the classical control 
theory for the tracking control. One possibility is to ob-
tain a linear approximation of the WMR model around 
an equilibrium point and then design a classical linear 
control. Even, it is possible to obtain the discrete model 
of the linear approximated system and apply a discrete 
control. The main drawback is that the linear approxi-
mation is valid, especially for WMR, for a small range 
around the equilibrium point, arising sometimes insta-
bility. As an example, O’Connor et al. (1996) develop a 
continuous control for the WMR direction based on a 
linear approximation. Similar controls are proposed by 
Canudas et al. (1997). 

A state feedback linearization has been also used as 
a previous stage of a linear classical control. It has the 

drawback that the singularities invalidate the lineariza-
tion. However, if the linearization is possible and there 
are no singularities, or they are never achieved, this con-
trol is very suitable. Examples of kinematic controls 
based on this approach are d’Andrea-Novel et al. (1995) 
and Gracia and Tornero (2002), meanwhile Tzafestas 
and Tzafestas (2001) use the state feedback linearization 
for a dynamic control. Some other researches (Samson, 
1995; Murray and Sastry, 1993) have studied the condi-
tions of WMR controllability to design control lows. 

Some approaches use non-linear control lows for 
which stability is guaranteed through the existence of a 
Lyapunov function that fulfills the Lyapunov theorem 
for stability. For example, Lyshevski and Nazarov 
(2000) apply a continuous dynamic control for a WMR 
with the existence of such a function. Similarly, Dixon 
et al. (2000) present other stable control lows. 

Other authors have applied an adaptative control. 
For example, Inoue et al. (1997) apply an adaptative 
discrete kinematic control with the experimental tuning 
of some parameters of the algorithm to achieve stability. 
Dixon et al. (2001) develop an adaptative control for 
reference tracking with an uncalibrated vision system. 

More recently, most of the works that nowadays deal 
with WMR control use fuzzy, see for example Wong et 
al. (2005), neural networks, see for example Antonini et 
al. (2006) and d’Amico et al. (2006), or both, see for 
example Hui et al. (2006). Nevertheless, these ap-
proaches have two major drawbacks: firstly, the optimi-
zation process of the fuzzy functions/rules/ parameters 
and the learning of the neural networks become com-
plex and they take much time; secondly, most of these 
approaches are valid just for a specific WMR. 

This research proposes a kinematic control scheme 
(subsection III.B) with three nested loops (dynamic, 
kinematic, and planning) that is similar to the ap-
proaches used for robotic manipulators. It is studied in 
depth the kinematic loop (subsections III.C and III.D) 
and indirectly the planning loop, through the characteri-
zation of the references that each WMR can track with 
no error (section IV). The kinematic control proposed is 
applied to an industrial forklift (section V), which is 
equivalent to the tricycle WMR, in simulation and in a 
real situation. Finally, section VI points out the most 
outstanding contributions of this approach and suggests 
extensions. In particular, with respect to previous works, 
the main advantages of the proposed approach for 
WMR control are: it is valid for any type of WMR; it 
uses all the maneuverability of the WMR; and it takes 
into account the type of references that can be tracked 


