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Abstract. Autonomous robots with omnidirectional wheels are useful in the envi-
ronments where maneuvers can be complicated and risky, in the movement of
loads. In this research, the implementation of the Dijkstra’s algorithm has been
used in order to test the correct functionality of the wheels and significant results
are shown by using Matlab.
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1 Introduction

The Mecanum wheel has been used on utility vehicles such as forklifts and materials
handling vehicles [1]. Mecanum mobile wheeled robots are suitable for applications in
congested environments as they allow greater flexibility in mobility [2, 3]. The mobile
platform equipped with wheels of type mecanum allows omni-directional movements.
The mobile platform offers greater maneuverability in highly congested situations. The
mobile platform is equipped with four Mecanum wheels. Each wheel has six symmetric
bodies of revolution. Rollers are placed at an angle around its periphery. The angle
between the roller axes and the wheel plane is 45°. The control of the movements
depends on the slip due to the type of surface, the reduced contact between the floor and
the wheels. Previous studies have been developed regarding to kinematics analysis of
planar and spatial mechanisms [4, 5] mechatronic design [6] and vibration [7].

A wheeled platform exhibits good performance providing fast and reliable locomo-
tion, with efficient-low energy consumption and a relatively simple motion control as
shown in [8—10]. In general terms the motion control of a wheeled vehicle is based on
the vehicle kinematics and the type of wheel being used [11-14]. Hence, the platform
of the Mecanum four wheeled mobile robot satisfy the requirements of various fields,
such as: industrial, military, naval, educational and medical [15]. Autonomous behavior
requires that the mobile robot choose the optimum vehicle motion in different situations
for object/collision avoidance and task achievement [16].

A suitable test bed of Mecanum four wheeled mobile robot has been design and
built at LARM: Laboratory of Robotics and Mechatronics in Cassino with the aim of
testing the correct functionality of the wheels. In particular, for the selection of the
shortest paths in known environment, the Dijkstra algorithm has been implemented and
significant results are shown by using Matlab.
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2 Mechatronic Design

Referring to the scheme of Fig. 1, the Mecanum four wheeled mobile robot presents
several rollers arranged around a hub at a predefined angle, usually 45°, relative to the
plane of rotation of the wheel, [17]. Each wheel is driven by a DC motor and contains 9
symmetrical revolution bodies that are oriented with an angle of 45° concerning the axis
of rotation of the wheel, [18]. The rotation axis of the wheel is the imaginary line passing
through the center of the wheel. The orientation of the 45° of rollers permits the robot
to move in different directions from those simply forward and backward. Another thing
to note is that the rubber rollers of the Mecanum four wheeled mobile robot are oriented
like an X which allows it to move in any direction. The proposed test bed was built
and tested at LARM (Lab. of Robotics and Mechatronics) of the University of Cassino
and Southern Lazio, shown in Fig. 1a. The mechatronic design of the proposed test bed
consists of power, DC motors, controllers, sensors, and communication devices, Fig. 1b.
In particular, an Arduino Mega Electronic Card (3) powered by power supply (2), allows
to control the movement of the four wheels (1), by two drivers (4) in order to describe
an assigned path. A wi-fi module (5) controlled the robot and an ultrasonic sensor (6)
was mounted on the platform to avoid obstacles and a 3-point tracking sensor module
(7) to move the robot along the black track line in the white ground. The architecture of
motor control for the test bed in Fig. 1b has been reported in Fig. 2 which includes: a
Arduino Mega, two motor drivers, a wifi-shield, a Bluetooth module, a tracking sensor
and an ultrasonic sensor.

Fig. 1. The prototype of Mecanum four wheeled mobile robot: a) 3D view; b) mechatronic design,
(1) - Four-Mechanum Wheel; (2) - Power Supply; (3) - Arduino Mega Electronic Card; (4) - Motor
Driver; (5) - Wi-Fi Shield; (6) - Ultrasonic Sensor; (7) - 3-point tracking sensor.

3 Experimental Test

The proposed Mecanum four wheeled mobile robot of Fig. 1 has been tested by using
Dijkstra algorithm which has been implemented by using Matlab. Figure 3 shows the
flow chart of the Dijkstra algorithm which is used to solve optimization problems.
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Dijkstra’s algorithm is used to search and planning the shortest path to from a starting
point to an endpoint avoiding collision with obstacles in the path. This algorithm is used
to find the shortest path between nodes with weighted edges. The weight indicates the
cost to move from one node to the other. The algorithm is divided into some steps to
find the shortest path between any couple of nodes, building a set of nodes that have
a minimum distance from the source. By considering a couple of nodes indicated with
v and u, and weighted edges that represent the connection between nodes; an edge is
denoted as (u,v) and w(u,v) indicated as the weight.
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Fig. 2. The architecture of motor control for the test bed in Fig. 1.

Referring to Fig. 3, O represents a queue of all nodes, and at the end of the algorithm
it will be empty; S, is initially an empty set, will contain the marked nodes that have
been already visited; at the end of the algorithm it will contain all nodes of the graph;
dist, is an array of distances that goes from the source node s to the other ones in the
graph. At the beginning, dist(s) = 0 and all the other ones indicated with v are initialized
as dist(v) = oo. This is set at the starting point so that the distance from each node will
be recalculated while the algorithm proceeds and ended when the shortest path is found.
The algorithm proceeds as follows: 1) while Q is not empty, pop the node v that is not
present in S, from Q with the smallest dis?(v). At the first run, the node s will be chosen.
Subsequently the one with the smallest dist will be selected. 2) The node v has to be
added to S to marke that it has been visited. 3) Update dist value of adjacent nodes of
the current node v in a way that for each new node u: if dist(v) + weight(u,v) < dist(u),
update dist(u) to the new minimal distance value because a new ones has been found,
otherwise dist(u) is not updated. In the end, when the algorithm has visited all nodes,
the smallest distance to each node has been found with dist containing the shortest path
from the source s.
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The use of this algorithm for a mobile robot is done by transforming the problem
into a grid method through the information of a grid cell map. It considers the nodes
reachable by the robot denoting them as free spaces. In addition, the grid method allows
data storage and processing by divides the workspace into squares. In this paper, four
examples have been reported with the aim of testing the correct functionality of the
wheels by applying the Dijkstra’s algorithm summarized in Fig. 3.
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Fig. 3. The flow chart of the Dijkstra algorithm

In particular, as shown in Fig. 4, white grids are spaces where the robot can move
freely. Black grids represent constraint areas or obstacles. The value O represented the
white grid cell. The value 1 represented the black grid unit. The grid model consists of
a two-dimensional coordinate system. Each node corresponds to the serial number. In
the grid map, the green node represents the Start; the yellow node is the target node; the
gray grids are the optimal path; the red grids are the cells visited.

As shown Fig. 4 there were in total 10 x 10 = 100 grids. The rear grilles represented
obstacles. In particular, referring to Fig. 4a) and b), three obstacles have been fixed. The
green grid expressed the initial position. The yellow grid represented the target point.
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The robot only moved within white grids, where neither obstacles nor borders could
gain access. The robot could move in four directions: up, down, left, and right.

In particular, if any obstacle is detected, the robot will stop, the ultrasonic module
will turn from right to left to detect obstacles. The robot will decide to make left turn,
right turn or backward according to obstacle sensor data. This algorithm proceeds by
exploring the cells around both sides of the obstacle. Finally, the shortest path is shown
in grey in the diagram at the bottom right and depends on the cost assigned to each cell.

Referring Fig. 4c) and d) obstacles have been fixed as composed by four grids, the
shortest path is shown in grey.

Y [m]

Y [m]
Y [m]

Fig. 4. The final grid map with the shortest path marked: a) simulation n.1; b) simulation n.2; c)
simulation n. 3; d) simulation n.4.

4 Conclusions

The prototype of Mecanum four wheeled mobile robot was built and tested at the LARM
(Lab. of Robotics and Mechatronics) of the University of Cassino and Southern Lazio.
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Mecanum four wheeled mobile robot features wi-fi control via the Arduino Mega micro-
controller. The main advantage of this type of wheel is the omni-directional property.
The wheel provides extreme maneuverability and mobility in congested environments.
The Dijkstra’s algorithm has been implemented in order to test the correct functionality
of the wheels and significant results are shown by using Matlab.

Future development of this research will include the experimental tests.
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