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Abstract—. The study proposes the optimization of an
omnidirectional single-seater with Mecanum wheels with
respect to their displacement, through the implementation of an
adaptive electronic control system. The torque and speed
required for the displacement are defined by the weight, center
of mass and radius of the wheel. The control elements, data
processing and user interaction were implemented to work in
sync with a brushless motor (BLDC). The communication
between components was done through the control algorithm
developed on the Arduino platform. This microcontroller
interprets voltage signals generated by a Joystick, processes
them with the kinematic model and sets the rotation speed in
each wheel, through the pulse width variation (PWM). To
validate it, displacement tests were carried out on two types of
surfaces: asphalt and concrete, with trajectory deviations at
different speeds. Consequently, a mathematical model with
correction factor was determined. This model fed back to the
control  algorithm, showing optimized stabilization,
displacement and trajectory tracking of the single-seater.

Keywords-component; single-seater, optimization, Mecanum
wheel, surfaces, omnidirectional movement.

l. INTRODUCTION

The development of modern cities has increased the
demand for transportation [1,2], resulting in high vehicular
flow, congestion, frequent accidents, and shortage of parking
spaces [3,4]. Conventional vehicles make turns with the
Ackerman steering mechanism, which acts on the front
wheels, orienting them in a sharp range, this prevents direct
positioning of the vehicle, which requires more space and
steering control to move [5,6].

Omnidirectional locomotion can be performed in any
direction, without the need to position oneself before starting
to move [7]. This movement is produced through the control
of special wheels called Mecanum [8], whose design is a
central wheel provided with rollers around its periphery. The
rollers are positioned at an angle of 45° to the center axis of
the wheel [9]. The optimized control software and under
normal conditions, allows the vehicle to move at average
speeds. This is achieved with a kinematic model [10], which
validates the omnidirectional motion configured for Mecanum
wheels.

The improved movements achieved with the implemented
system are a sustainable mobility alternative for the
population seeking compact, personal and less polluting
vehicles [11]. For the study, a single-seater with

omnidirectional traction was designed, built and validated.
Different displacement tests were carried out on different
surfaces with all possible movements for this type of vehicle.
For the study, a single-seater with omnidirectional traction
was designed, built and validated, running displacement tests
on different surfaces and performing all possible movements
for this type of vehicle.

By varying the surface conditions, the objective is to
obtain an adequate optimization of the single-seater to
improve mobility and maneuverability in dynamic and limited
spaces [8].

Il.  OMNIDIRECTIONAL DESIGN

In Fig.1 the omnidirectional control works with electronic
(a) and mechanical (b) components. The microcontroller
(MCU) receives signals sent by the joystick, these are
processed and vary the pulse width (PWM) required by the
speed controller (ESC). This allows the operation of the
brushless motor (BLDC) coupled to a planetary gearbox
(CIM), increasing the torque that activates the Mecanum
wheel.
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Figure 1: Omni-directional control, (a) Electronic components, (b)
Mechanical components

Ill.  CONTROL SCHEME

The omnidirectional control system is designed to adapt to
different types of surfaces and consists of three phases of
operation: the displacement phase with the Mecanum wheels,
automation via MCU and optimization of the control signals
received by the ESCs.

These phases communicate with each other, Fig. 2, in
order to modify the motion parameters and optimize vehicle
maneuverability.
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Figure 2: Electronic control scheme

A. Omnidirectional Motion: Design parameters

The control system and component selection were
designed with the evaluation of initial parameters, TABLE
I

TABLE I. INITIAL PARAMETERS FOR THE DESIGN OF THE
SINGLE-SEATER CONTROL SYSTEM.

Design parameters Data Magnitude
Maximum linear velocity (vl) 40 Km/h
Weight to be moved 140 kg
Wheel radius (r) 0.254 m
Single-seater geometry [=059 o
d=0.74 m

The linear speed vl [m/s] required by the single-seater
(1) is determined by the ratio of the radius r [m] and the
rotational speed w [rad/s] of each Mecanum wheel provided
by the motors. In the test phase w will be controlled with a
correction factor to obtain the displacement optimization.

vl=(w=*fc)*r (1)

The sum of the electromotive force or torque T [Nm] of
the motors, allows adequate displacement, and is
determined by (2). | [A] is the intensity motor current, lo is
the no-load current, 60/27 is a conversion factor and Kv is
the motor speed constant in [rpm/V] [12].

T=(I—Io)*—n*— 2)

According to the data and equations obtained, the Jeti
Phasor Race 2035 series BLDC was selected, which
provides an angular velocity of 70000 [RPM]. To achieve

the required speed and torque, two gearboxes of 6.75:1 and
another of 12:1 were added.

B. Arduino Automation

In Fig.3 the kinematic model is analyzed, detailing the
variables that are a function of the geometry of the single-
seater.

X .
Figure 3: Kinematic Analysis of an Omnidirectional Vehicle.

The joystick works with potentiometers that send
signals in ranges from 0 to 1023 in three variables: ejey,».
The values are changed with the function map: map(value,
fromLow, fromHigh, toLow, toHigh), so that the MCU
performs the kinematic calculation (3) and takes the value
of Xm: x-velocity , Ym: y-velocity, wm angular velocity,
assigned to the variables Vyw).

wy 1/r —1/r —({+d)/r]_ .
wo| _ 1/r 1/r —(+ad)/r x.m (3)

W3l l1/r —1/r (A+d)/r Zm
Wa 1/r 1/r (+dy/r m



The variables vy are sent to a function created with
the constants of TABLE I, in order to calculate the angular
velocities at each wheel: w234 [rad/s]. These values are
transformed, by using the function: map(value, fromLow,
fromHigh, toLow, toHigh), into PWM signals that are
received by the ESCs. Then, it performs switching
sequences on the BLDC inputs to generate the magnetic
field required in the operation [13].

The calculation for the maximum commutation
frequency Fc¢ [Hz], requires: the maximum revolutions
reached RPMpax, the number of poles NP and the number
of phases PH of the motor, shown in (4) [13].

RPM
F, =~ NP PH S

In consequence, the ESC has to switch 14000 times per
second for proper operation of the BLDC.

C. Controller Optimization:

The control signal modifies the speed and displacement
of the single-seater. It is adapted to the test surfaces by
implementing a regression model [14] which modifies the
PWM signal received by the ESCs for motor control since
the automation phase. This model is obtained through (5),
in Fig. 4. the data collected in the velocity and
displacement tests are presented.

Ad = (av) + b )

Ad is the deviation present in the tracking of a
trajectory, a (6) and b (7) are regression coefficients of the
analyzed parameters and v corresponds to the linear
velocity of displacement of the single-seater.

Spav
= 6
a Sy2 ©
b=Ad —av (7)

Saa is the covariance, S\2 is the variance, Ad’ is the
mean of the displacement deviation and v' is the mean of
the single-seater linear velocity.
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Figure 4: Regression model between the linear velocity of the single-
seater and its displacement.

IV. TEST AND RESULTS

In order to control the signal that modifies the rotational
speed of the motors, a regression analysis method was
implemented. This method determines the relationship
between the variation of the linear velocity of the single-
seater with the deviation produced during the displacement.
The values of the parameters analyzed were obtained by
performing a series of tests on two types of surfaces:
concrete and asphalt.

A. Concrete Surface.

The first series of tests were performed on concrete with
the omnidirectional single-seater moving in the straight-
forward, lateral and diagonal directions, under different
speeds over a 10 [m] path, the data collected are shown in
TABLE II.

TABLE Il. TRAJECTORY TESTS ON A FLAT CONCRETE

SURFACE

Movement Straight Side Diagonal

Distance | Speed |Deviation| Speed |Deviation| Speed | Deviation
(m) (Km/h) (cm) | (Km/h)| (cm) |(Km/h)| (cm)
10 34.15 32 315 29 32.6 34
10 26.40 26 26.8 24 25.6 30
10 18.30 19 20.2 19 194 27
10 12.60 11 145 15 11.6 16
10 6.10 9 5.2 9 5.7 12

B. Asphalt Surface

The second series of tests correspond to the
displacement of the omnidirectional single-seater over an
asphalt surface in the directions previously mentioned, at
different speeds for the 10 [m] distance. The data collected
are shown in TABLE III.

TABLE I1l. TRAJECTORY TESTS ON A FLAT ASPHALT

SURFACE
Movement Straight Side Diagonal
Distance | Speed [Deviation| Speed |Deviation| Speed |Deviation
(m) (Km/h) | (cm) (Km/h) (cm) (Km/h) (cm)
10 32.60 39 30.7 36 29.6 39
10 24.50 33 22.1 31 235 32
10 17.90 25 16.6 20 17.3 27
10 11.47 19 10.5 12 94 19
10 5.20 12 6.2 8 5.12 14

With the data obtained on the two surfaces, the
regression model, Fig. 4, was determined for the variables
studied, where the vertical axis corresponds to the
trajectory deviation and the horizontal axis corresponds to
the displacement wvelocity. Through the model the
correction factor of 0.9087 is extracted which modifies the
displacement velocity, furthermore the model establishes
the equation 44 = 0.9087v + 5,8385 which explains the
relationship between the two variables. Fig. 5 shows the
data dispersion and the deviation as a function of the
displacement velocity, which is irregular and not stable on
the two surfaces studied.
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Figure 5: Plot and regression line between the linear velocity of the
single-seater and its displacement

The implementation of the correction factor in the
automation phase varies the PWM signal and modifies the
rotational speed of the motors, thus stabilizing and
reducing the deviation in the tracking of a trajectory on
both asphalt and concrete surfaces for all the movements
that the omnidirectional single-seater is allowed to perform
TABLE IV.

TABLE IV. TRAJECTORY TESTS ON A FLAT CONCRETE
SURFACE AFTER OPTIMIZATION

Movement Straight Side Diagonal

Distance | Speed [Deviation| Speed |Deviation| Speed |Deviation

(m) (Km/h)|  (cm) (Km/h) (cm) (Km/h) (cm)

10 32.53 35 29.83 33 30.74 33

10 23.14 30 22.35 29 24.56 29
10 17.56 21 19.04 25 16.2 22
10 10.20 15 11.3 16 9.11 16
10 5.74 9 5.14 10 6.05 11

TABLE V. It shows the results after optimizing the
motor control signal for the asphalt surface, in it we can
observe a reduction of the deflection in all the movements
studied, which represents an improvement in the
displacement of the omnidirectional single-seater.

TABLE V. TRAJECTORY TESTS ON A FLAT ASPHALT SURFACE
AFTER OPTIMIZATION

Movement Straight Side Diagonal
Distance |Speed| Deviation | Speed | Deviation | Speed | Deviation
(m) (mis) (cm) (mis) (cm) (m/s) (cm)
10 34.15 32 315 29 32.6 34
10 26.40 26 26.8 24 25.6 30
10 18.30 19 20.2 19 194 27
10 12.60 11 145 15 11.6 16
10 6.10 9 5.2 9 5.7 12

The data collected after adding the correction factor are
presented in Fig 6. There is a reduction in the deviation
produced and a smaller dispersion of values compared to
the first stage of testing.
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Figure 6: Plot and regression line between the optimized linear velocity
of the single-seater and its displacement.

Fig.7 presents the results comparison obtained for the
displacement deviation on the two surfaces studied, in the
straight-forward, lateral and diagonal directions. It is
established that the implemented correction factor,
stabilized satisfactorily the velocity and minimized
considerably the trajectory deviation.
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Figure 7: Comparison of results before and after optimization

V. CONCLUSIONS

e The control system of the single-seater with
omnidirectional traction allows displacement at a
maximum measured speed of about 34 [km/h], with
small fluctuations caused by the surface conditions
and the material of the selected Mecanum wheel.
The fluctuations of speed and deviation were
reduced after the application of the developed
mathematical model. The model relates the two
variables studied by regression and predicts the
behavior of the vehicle at different speeds.

e It was found that in straight, lateral and diagonal
movements, the deviation increases with speed.
The  mathematical model improved the
displacement by 16.66%, making the driving
sensation more stable and comfortable for the user.

e The study marks the beginning to reduce the
deviation produced in vehicles with Mecanum
wheels. Future work is intended to implement a
more effective correction method supported by
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artificial intelligence and the use of sensors. This
will allow predictive assistance to the driver's
actions in real time for trajectory following
correction.
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