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Abstract

Usage of the mobile robots is extended in all areas of human life and work. The investigation of their behaviour becomes
popular among the researchers around the world. Dynamic modelling of the mobile robot can be simplified by using their
3D CAD model. In this paper, the dynamic model of mobile robot is developed by MATLAB/Simulink using previously
created 3D CAD model in SOLIDWORKS. As example, the mobile robot Robotino by FESTO is chosen. Assembly of
mobile robot in form of xml file is imported from SOLIDWORKS to MATLAB. Such approach provides automatically
generation of dy n a nsubsysem. dlien, theanbdel tan bs modiféed ahdaupgriadedafdr instance to
organize it on several levels, to actuate the wheels by motors, etc. Validation of the dynamic model is performed by
simulation.
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1. Introduction

Investigations of the robots attract attention of many researches around the world in different areas. Modelling and
simulation are recognized as powerful tool for solving many problems in robotics. Analysis of industrial robots using
bond graphs by visualization is presented in [2], where BondSim is used for dynamic analysis of robot and BondSim3D
Visual application is used for its visualization. Simulation of hobby robot by MATLAB is subject of analysis in [4]. Also,
the huge research area is modelling of mobile robotics behaviours. The kinematics and dynamic analysis of mobile robot
was done in [5]. Investigation of behaviour of group of mobile robots is subject of research in [8,9]. A presentation of
working scenarios and mobile robot working algorithms in Bionic Assembly System and their realization in AnyLogic
software is given in [10].

The paper proposes procedure for the dynamic analysis of mobile robot by MATLAB/Simulink based on previously
created 3D CAD model [11]. Proposed approach is explained on example of mobile robot Robotino from FESTO [6].
Robotino is subject of research of [1], where it is used for arrangement of remote education. Modelling of Robotino by
bond graphs is presented in [3].

In this research, the dynamic model of Robatino is automatically developed by importing its 3D CAD model from
SOLIDWORKS to MATLAB following the idea from [7]. Dimensions of robot parts are roughly measured and estimated.
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The obtainedr o bot ’ s d yinreorgdnized sysnhtécdlly into more hierarchical levels and its validation was
conducted by simulation. It can be upgraded and used to test different control algorithms, trajectory planning, collision
avoidance, etc.

2. 3D CAD model of Robotino

Mobile robot Robotino (Fig.1a) is equipped by three omnidirectional wheels. They are powered by dc motors, which
are denoted by manufacturer FESTO as motor 1 (M1), motor 2 (M2) and motor 3 (M3). Wheels and corresponding motors
are denoted inFig.1 by red, green and blue colour, respectively. Each wheel is composed of the roller supporter and six
rollers, three rollers per each side, shifted by 120° with respect to each other. Rollers can rotate about their axes.

Zg

Fig. 1. Robotino with assigned coordinate frames: a) the global frame; b) the local frame

As previously emphasized, the first step to develop the mobile robot dynamic model is creating of their 3D CAD
model. Using SOLIDWORKS 3D CAD models of the robot’ garts are generated (Fig.2). For simplicity unnecessary
details are omitted, without loss of robot functionality. 3D CAD model of robot is taken from [11].
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Fig. 2. Robotino parts
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R o b oparts @&e combined in the assembly by exactly defined mating between them using the SOLIDWORKS
instruction. Finally, the assembly shown in Fig.1a has been imported using SimMechanic link (ver. 4.7 of Matlab 2015b
and Windows x64) in the form of xml file, and their parts as stl files.

3. Dynamic model

By importing the robot assembly into MATLAB in form of xIm file, that is obtained using SOLIDWORKS, the
dynamic model of the Robotino has been automatically developed. It is realized as single level structure. Taking into
account that robot consists of many parts the model is pretty unclear and complicated. Hence, it can be organized
systematically into more levels by putting group of parts into subsystems, as depicted in Figs. 3 and 4.

There is several blocks only in the first level: the block which represents the dynamic model of Robotino, planar joint,
two sensors to measure robot positons and blocks to define world coordinate frame, appropriate solver and the mechanical
simulation environment for the robot (for instance gravity, constraint solver type, tolerances, linearization, etc.). It is
important to emphasize that the coordinate system in which the robotic assembly is made, corresponds to the world
coordinate system in MATLAB, OmXmLYMmLZme.
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Fig. 3. The system level dynamic model of Robotino,
Due to fact that Robotino manufacturer in the robot manuals and other documentations uses the global coordinate

frame OgXsYeZe (as shown in Fig.1a) all quantities should be transform to O XmYmZmeu s i ng bl ock ‘ Ri gi d
as depicted on the top of Fig.3. This transformation is given by:

1)

I
or o
moo
ocor

Following idea from [7], the robot is connecting to the ground with the planar joint providing two translator motions
px and py along Xg and Yg-axis and rotation 0 about Zg-axis. Inputs for the planar joint are given by:

=f  =-J 1co(s+3) +[ ;cd9 -f scos-3) |
=f  =-f wsi(neg) 4 oesi() -f ssi(n-g) @
=I(1+ 2+ 3)-

3

where viand ; are linear and angular velocities of wheels (i=1,2,3), R is wheel radius, L is radius of mobile platform.
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Fig. 4. The structure: a) ‘Robotino’ bl ock;

Structure of Robotino on the next level of decomposition is shown in Fig.4a. The Mobile platform, three
omnidirectional wheels, and their actuators, ar e t he basi c components presented

pl atform’ i s Idadprito talting atourit mass &f elegtromobors and reductors, they are presented as rigid
bodies. Their funcionalities can be represented by Actuator_i (i=1,2,3) blocks.
Strucuture of wheels are presented in Fig. 5a. Aheade ach component t her ewhictsproddeso c k * R

the appropriate coordinate transformations. Each component is realized as a rigid body (Fig.5b), whose mass and
geometric properties are automatically calculated from SOLIDWORKS 3D CAD models.
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4. Simulation results

To verify developed dynamic model of Robotino a simple experiment is performed. Wheels are powered in such a
way that their angular accelerations change in the time as shown in Fig.6. Robot moves along Y axis during the first 4 s,
because wheels 1 and 3 are actuated by the same angular velocities, but of the opposite sign. During this motion, the
wheel 2 is not powered. In the next 5.1 s all three wheels rotate with the same angular velocity assuring that the robot just
rotates about Zg axis, as shown in Fig.7. Finally, during 9.1 s to 15 s (the end of the simulation time) the robot moves
along Y axis, similarly to motion in the first phase (Fig.8).
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Fig. 6. The angular acceleration of wheel: a) 1; b) 2; ¢) 3;
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Fig. 7. X and Y coordinates of Robotino in OcXcYsZs
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Fig. 8. The Robotino motion in plane in OcXcYe

5. Conclusion

The procedure for development of dynamic model of mobile robot based on its 3D CAD model is explained in the
paper on example of mobile robot FESTO Robotino. Firstly, the 3D CAD model is developed using SOLIDWORKS and
exported in form of xml file. The file is imported to MATLAB’ SimMechanics module (MATLAB/Simulink ver. 2015b).
The mass and geometric parameters including the all necessary transformations are automatically calculated from the 3D
CAD model (assuming the material properties of the each robot part are defined previously). This approach provides a
comfortable and simple way to develop the dynamic model of the mechanical part of the mobile robot.

The obtained dynamic model is realized as a single level (flat) structure. It could be changed by grouping some of the
parts into the subsystems and thus providing systematically the model representation on more hierarchical levels. Model
can be also upgraded by adding appropriate control structure, the wheel actuators, etc. assuring an excellent research
platform for investigation of the robot behaviour. Comparison of different control algorithms, and path planning, work in
unstructured environmental would be direction of future investigation.
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