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ABSTRACT. 
 
Omnidirectional mobile robots have been studied 
from different points of view. In this paper, a 
new model of the differential kinematics of an 
omnidirectional mobile robot, made of two 
differentially driven mobile robots and one 
platform, is presented. An approach of artificial 
potential fields is applied to the state space 
representation of the kinematic model, to control 
the movements of the platform. The experiments 
show that it is possible to have an 
omnidirectional mobile platform, when two 
differentially driven mobile robots are used to 
move it. This configuration can be used to 
transport heavy loads, simplifying the problem of 
planning the movements and improving the 
efficiency of transporting tasks. 
 
RESUMEN. 
 
Los robots móviles omnidireccionales han sido 
estudiados desde diferentes puntos de vista. En 
este artículo, se presenta un nuevo modelo de la 
cinemática diferencial de un robot móvil 
omnidireccional, construido de dos robots 
móviles diferenciales y una plataforma. Un 
método de campos potenciales artificiales es 
aplicado al modelo cinemático en variables de 
estado, para controlar la plataforma. Los 
experimentos muestran que es posible contar con 
una plataforma móvil omnidireccional, cuando se 
utilizan dos robots diferenciales para moverla. 
Esta configuración puede ser utilizada para 
transportar cargas pesadas, simplificando el 
problema de la planeación de movimientos y 
mejorando la eficiencia en tareas de transporte. 
 
INTRODUCTION 
 
Omnidirectional mobile robots are those that can 
move in any direction, permitted by the envi-

ronment, at any time. This type of robots can 
move at the same time they rotate. In opposition 
of restricted mobility mobile robots, which are 
limited with respect to the instantaneous degrees 
of freedom that they can perform [1]. 
 
We can find two types of omnidirectional mobile 
robots equipped with wheels that move on a 
horizontal plane. Those that are driven by Swe-
dish wheels and those that are driven by castor 
wheels. In [2] and [3] are used castor wheels to 
move a mobile robot in omnidirectional way. In 
[4] and [5] the two differentially driven robots 
are replaced by one castor wheel, for analyzing 
purposes. However, these two last models are 
simplified kinematic models. 
 
The aim of this work is to obtain a new 
kinematic model of an omnidirectional mobile 
platform, which uses two differentially driven 
mobile robots for moving it. Also, is redefined an 
approach of potential fields to control the 
movements of this type of omnidirectional 
robots. 
 
First, is described the omnidirectional platform 
and its traction system. Its differential kinematic 
model is shown. The kinematic 
omnidirectionability of the robot and 
controllability are verified by means of Lie 
algebra. A potential field approach law is defined 
to control the platform. SIMULINK® is used to 
program the kinematic model and control 
algorithm to tests the physical model. Finally, the 
results and the conclusions of the experiments 
are presented. 
 
THE OMNIDIRECTIONAL MOBILE 
PLATFORM 
 
Fig.1 shows the omnidirectional mobile robot. 
Where, two differentially driven mobile robots 
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are used to move the platform. The fiducials are 
identifiers that ReacTIVision® (an artificial 
vision system) used to obtain the coordinates and 
angles of each identifier at 30 frames per second 
(fps). If this fiducials are firmly attached to the 
reference system of each differentially driven 
robot and the platform, then, each fiducial gives 
the position and orientation of each reference 
system, respectively. In consequence, we can 
have the position an orientation of each reference 
system via ReacTIVision®, each 33.33 
milliseconds. 
 

 
Fig. 1: Omnidirectional wheel mobile platform. 

 
Fig. 2: Posture definition. 

Posture definition 
Fig.2 shows the absolute reference system 
{X,Y,O}. The robot reference system 
{Xp,Yp,Pp} is attached to the point Pp, which is 
a point on the platform. The traction robot 
systems {Xi,Yi,Pi} are attached to the 
corresponding point Pi and represents the 
reference system of the i-th traction robot. Also, 
the wheel reference system {Xi,j,Yi,j,Pi,j} 
located at the point Pi,j, represents the reference 
system of j-th wheel of the i-th robot. In addition, 
the angle θp denotes the orientation of the system 
{Xp,Yp,Pp} with respect to the absolute system 
{X,Y,O}. The angle θi denotes the orientation of 

the system {Xi, Yi, Pi} with respect to the 
system {Xp,Yp,Pp}. Besides, the angles θi,j 
represent the orientation of the system 
{Xi,j,Yi,j,Pi,j} with respect to the system 
{Xi,Yi,Pi}, which in this case are zero. The 
reference systems {Xp,Yp,Pp},  {X1,Y1,P1} and 
{X2,Y2,P2} has its own fiducial attached, 
respectively, as shown in Fig.1 and Fig.2. Also, 
Fig.3 shows the necessary parameters for the 
kinematic analysis. 
 

 
Fig. 3: Definition of kinematic parameters  

 
Robot kinematics 
Being the system of the two differentially driven 
mobile robots and the platform a chain of body 
links, we can use the method of propagation of 
velocities shown in [6], in order to obtain a 
system of two differential equations for each 
wheel, by propagating the velocities from the 
system {Xp,Yp,Pp} to the system {Xi,Yi,Pi}. 
Where, one differential equation corresponds to 
the movement along the Xi,j axis and the other to 
the movement along the Yi,j axis, for each wheel. 
Being four wheels, the system of eight 
differential equations, represents the differential 
kinematics of the robot and must be satisfied 
simultaneously. 
 
The method of propagation of velocities is 
described as follows [6]: The angular velocity of 
the link i+1 relative to its own system of 
reference, is equal to the angular velocity of link 
i with respect to the system i+1, plus its own 
component of the system i+1. 

              (1)

Where  is the rotation matrix from the 
system i to the system i+1. On the other hand, 
the linear velocity of the link i+1 with respect to 
itself is equal to the linear velocity of the link i 
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plus the tangential velocity caused by the radius  
 and the angular velocity of i. All this 

referenced to the axis of coordinates i+1. 
 

  (2)

 
Defining the angular velocity of the system P 
with respect to itself by the vector: 
 

 0	 0	  (3)

 
the linear velocity of the system P with respect to 
itself by the vector: 
 

 0  (4)

 
the rotation matrix:  
 

 
cos sin 0
sin cos 0
0 0 1

 (5)

 
the angular velocity of the i-th system as: 
 

 0 0  (6)

 
the position vector as: 
 

 0  (7)

 
since ,  and ,  are zero, the rotation matrix 
gives: 

 
1 0 0
0 1 0
0 0 1

,  (8)

the el angular velocity vector of the wheel i,j 
 

 0 0 0,
,  (9)

 
The position vector Pi,j with respect to Pi 

 , 0,  (10)

 
Using eq(1) and eq(2) recursively, we can find 
the following angular and linear velocities: 
 

 0 0,
,  (11)

,
,

cos sin
sin cos

0
  

sin cos ,

cos sin
0

	   (12)

Being ,
,  the angular velocity orthogonal to the 

plane {Xi,j,Yi,j} and ,
,  the linear velocity of the 

wheel i,j. 
 
From eq(12) we obtain the kinematic restrictions 
from the wheel i,j, as follows: 
 
Orthogonal to the wheel plane, along the Yi,j 
axis: 

	

sin
cos

cos sin
0           (13) 

 
where         
 
Along to the wheel plane, along the Xi,j axis: 

cos
sin

sin cos
,

	 	 , , 0

14

where ri,j is the radius and ,  is the rotational 
velocity of the wheel i,j. Finding the eq(13) and 
(14) for each wheel, we have the following. The 
configuration and velocity configuration 
coordinates, expressed in local coordinates, are: 
 

 
, , , ,

 (15)

 
, , , ,

 (16)

 
Then, the kinematic of the platform can be 
written in the form 0 in local 
coordinates. Rewriting from eq(13) and eq(14) 
for each wheel, using the parameters shown in 
Fig.3: 
 

ISBN 978-607-95309-9-0 Página | 1066 Derechos Reservados © 2013, SOMIM



MEMORIAS DEL XIX CONGRESO INTERNACIONAL ANUAL DE LA SOMIM 
25 al 27 DE SEPTIEMBRE, 2013 PACHUCA, HIDALGO, MÉXICO 

 
 

sin
sin
sin
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cos
cos
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cos
cos
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sin
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(17) 

 
Appling the definitions of the degree of mobility, 
steerability and maneuvrability given for 
Campion [1] to the eq(17), we have the 
following: the degree of mobility 
dim , where 5 2 3, 
which means that the robot is omnidireccional. 
The degree of steerability , where 

0. The degree of maneuvrability 
, where 3. It means that the robot has 3 

degrees of freedom on the plane. 
 
Controllability analysis and control law 
definition 
 
Since, the platform has 3 degrees of freedom, we 
can select 3 input variables to solve the system 
(17), i.e., the linear and angular velocities of the 
reference system {Xp,Yp,Pp} as , 

 and ωP = . Solving the system 
equations eq(17) for those input variables, 
defining the posture of the by  

and  	 	 , … , , where: 
 

 
cos sin 0
sin cos 0
0 0 1

 (18)

we obtain the state space representation in 
absolute coordinates, as follows: 

 

  (19)

 
cos
sin

0
sin

sin

cos sin

cos sin

cos sin

cos sin

sin
cos

0
cos

cos

sin cos

sin cos

sin cos

sin cos

 

 
0
0
1

cos sin

cos sin

sin cos

sin cos 	

sin cos

sin cos

 

(20) 
Eq(20) shows the configuration velocities  of 
the mobile robot platform in function of the input 
variables, ,  and ωP, with respect to the 
absolute coordinate system {X,Y,O}. 
 

Control Lie algebra analysis 
When applying the Lie algebra analysis for 
mobile robots [7], the range of the posture matrix 
associated to  of  
(20) is equal to 5, which means that the 5 posture 
variables can be taken to any position by driving 
the ,  and ωP input variables, but it cannot 
be done in only one movement.  
 
Potential fields approach  
In order to test the omnidirectionability of the 
robot, it is used an extended potential fields 
approach shown in [8], by defining the additional 
control law for the input , which is now 
controllable due to the omnidectionability of the 
robot. Fig.4 shows the attraction vector dg to the 
goal, θg as the orientation angle of this vector, θp 
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as the orientation of the platform and θe as the 
orientation angle error. The radius of evasion Kr 
and the security radius of the platform KOWR are 
defined by the user in order to avoid collision. 
Defining the linear velocities as: 
 

	

∙ cos 										 				

∙ cos 			 		

0																				 					 		

(21)

	

∙ sin 				 				 				

∙ sin 				 		

0																				 					 		

(22)

 
Eq(21) and eq(22) show the control law for the 
input linear velocities  and  for the 
reaching a goal task. Besides, the orientation can 
be controlled by giving the following control 
law: 

 	sin	  (23)

Where θ is parameterized by the time, which 
leads to direct the platform.  
 

 
Fig. 1: Potential fields appoach 

 
RESULTS 
 
The experiment was defined as a “Trajectory 
tracking of a circular trajectory with a constant 
spinning of the platform about the trajectory 
control point”. With this experiment we can test 
the omnidirectionability of the robot. The 
trajectory was defined as:  
 

	
25 sin

7

25 cos
7

	 24

 

with a constant rotational velocity as: 
 

 
30

 (24)

 
Fig.5 to 10 show the experimental results when 
using the ReacTIVision for sensing the position 
and orientation of each body of the robot (the 
platform and the two tracking robots) and 
SIMULINK® for programming the kinematics 
and the control algorithm. Where we can see the 
omnidireccionability of the platform while it 
follows a circular trajectory with constant 
spinning about the control point (Link: 
https://www.youtube.com/watch?v=2vbCbuS1JR
Y). 

 
Fig. 2: Simulation results 

 
Fig. 3: Experimental results 

 
Fig. 4: X displacement 
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Fig. 5: X error 

 
Fig. 6: Y displacement 

 
Fig. 7: Y error  

 
Fig. 8: Orientation angle of the platform 

 
CONCLUSIONS 
 
It was proved, theoretically and practically, that 
the mobile robot shown in this work is 
omnidirectional. The experiments on “Trajectory 
tracking of a circular trajectory with a constant 
spinning of the platform about the trajectory 
control point”, shows the omnidirectional 
property of the robot. It was measured a 
maximum error of 0.04 [m] on a surface of 1 [m] 

height by 1.6 [m] wide, which represents about 
the 4%. The resolution and capture speed of the 
camera are important factors that contribute to 
this error. The use of this new kinematic model 
on a system that uses two forklifts, as locomotion 
means, to move heavy loads is promising. 
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