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Abstract  

This contribution summarizes the results of work carried out during the 
proposal and simulation modelling of the mobile robot undercarriage 
equipped with omnidirectional wheels. 
In order to make an accurate design and appropriate dimensioning of driv-
ing units, there was carried out a simulation of dynamic properties of the 
undercarriage with omnidirectional wheels in Mathworks MATLAB 7. 
There is described a kinematical and a dynamical model of the whole robot 
platform. By using this functionality we can relatively overcome the prob-
lem of miss-alignments of the wheels during the assembly. Results of the 
simulation were summarized in form of a state space model of the whole 
robot platform. 

1. Introduction 

The main advantage of mobile robot undercarriages with omnidirectional 
wheels deals mainly with very good maneuverability. Using omnidirec-
tional wheels was the basic and initial assumption for the project. Particu-
larly for the reason of very good maneuverability, it can be considered as 
an ideal tool for verification of various types of algorithms determined to 
local navigation, path planning, mapping and further development with 
respect to university-indoor environment and robotics classes. 
At the Institute of Production Machines, Systems and Robotics (IPMSaR) 
has been approached to a decision to design a mobile robot with this type 
of undercarriage. However, each design process should be preceded by 
optimally chosen parameters that can influence the resulting behavior of 
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the whole platform; mechatronic and systemic approach. The simplest 
form how these parameters can be achieved deals with a description of a 
complex simulation model which results in an assessment of the final plat-
form behavior with these parameters. The purpose of this contribution is to 
describe extended kinematical and dynamical model of the mobile robot 
with a possibility to implement skew wheel angles overcoming the prob-
lem of miss-alignments of the wheels having impact on the real robot’s 
trajectory. 
Further there is shortly described the design of the robot, selected wheels, 
driving units, gear boxes and incremental encoders and a simulation of 
power demands with respect to specified conditions and limitations. 

2. Kinematical model of the robot 

Provided that the robot is moving only within 2D environment, its absolute 
position in a global coordinate system is defined by the vector [ξ, ψ, θ] as 
shown in Fig. 1. The inverse kinematics equations are given by 
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where ωi, i = 1, 2, 3, is the angular velocity of each wheel of the robot, r is 
the wheel radius, 
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where Li is the radius of the robot platform. By means of this equation (1) 
we can compute angular velocities of all wheels that are defined by desired 
trajectory of motion. 

Fig. 1. Kinematical scheme of the omnidirectional mobile robot 
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3. Robot dynamics modeling 

Forces that are caused by the motion of the whole platform can be de-
scribed as follows: 

T
R

TT
RRR

T
RRR

TT
R

JymxmAfff

fffAJymxm

)()()(

)()(
1

321

321

θ
θ




−=

⋅=
(4),(5)

where m is the robot mass, JR is the robot moment inertia, fRi is the traction 
force of each wheel. 
Dynamic model for each wheel: 

wiiw rfnMcJ −=+ ωω (6)
where Jw is the inertial moment of the wheel, c is the viscous friction 
factor of the omniwheel, M is the driving input torque, n is the gear 
ratio and fwi is the driving force due to each wheel. 
The dynamics of each DC motor can be described using the follow-
ing equations: 
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where u is the applied voltage, i is the current, L is the inductance, R is the 
resistance, k1 is the emf constant, k2 is the motor torque constant, Jm is the 
inertial moment of the motor, b is the vicious friction coefficient, Mext is 
the moment of an external load and ωm is the angular speed of the motor. 
By merging equations (2)-(8) we obtain a mathematical model of each es-
sential dynamic properties of mobile robot undercarriage. 

4. Robot model 

The trajectory of motion is described by a list of points, each with four 
important parameters [x, y, v, ω]. From these points obtained needed vec-
tor of velocities [vx, vy, ω] by the Trajectory controller module. Inverse 
kinematics is used to translate this vector into individual theoretically re-
quired velocities of wheels. Dynamics module is then used to compute in-
ertial forces and actual velocities of wheels. By means of Direct Kinemat-
ics module, these velocities are re-translated into the final vector of veloci-
ties of the whole platform. Simulator module obtains the actual performed 
path of the robot by their integration. 
The whole model [1] was designed as a basis for modeling of mobile robot 
motions in order to analyze the impact of each constructional parameter on 
its behavior. For this reason, there is not used any feedback to control the 
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motion on a desired trajectory. This approach allows choosing key parame-
ters more precisely for better constructional design. 

Fig. 2. Robot model in Matlab Simulink 

In order to create this simulation model there was used software MATLAB 
Simulink 7.0.1. The emphasis was laid particularly on its schematic clear-
ness and good encapsulation of each individual module. It has an impor-
tant impact on an extensibility of the model in the future in order to create 
and analyzed other function blocks. 

Fig. 3. Example of the impact of dynamic properties on a performed path of the 
robot 
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5. Design of the mobile robot 

There was chosen a symmetric undercarriage with omnidirectional 
wheels in order to simulate the behaviors, properties and characteris-
tics of the mobile robot. It was the starting point from the previous 
year. 

Fig. 4. OMR IV design – view on the whole system 

6. Conclusion 

This contribution summarizes a kinematical and dynamical model of the 
mobile robot without a feedback (open-loop) simulated in Matlab Simulink 
environment. The whole model was designed as a basis for motions mod-
elling of a mobile robot undercarriage in order to analyze its key factors 
that influence the final motion and allow an optimal choice of these pa-
rameters which are required for a constructional proposal. 
Published results were acquired using the subsidization of the Ministry of 
Education Youth and Sports of the Czech Republic research plan MSM 
0021630518 „Simulation modelling of mechatronic systems”. 

7. References 

[1] Kubela, T., Pochylý A., Knoflíček R. (2006) Dynamic properties mod-
eling of mobile robot undercarriage with omnidirectional wheels: Proceed-
ings of International Conference PhD2006, Pilsen, pp 45-46.
[2] Rodrigues, J., Brandao, S., Lobo, J., Rocha, R., Dias, J. (2005) RAC 
Robotic Soccer small-size team: Omnidirectional Drive Modelling and 
Robot construction, Robótica 2005 – Actas do Encontro Científico, pp 
130-135.  

26 T. Kubela, A. Pochylý




