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Abstract

The reduction in conventional fuels consumption can be
accomplished through the wuse of solar energy,
transforming it into thermal energy throught a solar
collector. There are a lot of solar collector kind, but the
solar concentration way, specifically the parabolic dish
reflector technology, or just PDR solar concentrator, offers
one of the most efficient paths to achieve high quality
thermal energy. Usually, the PDR solar concentrator are
designed in big dimensions in order to generate electrical
energy; nevertheless this technology could be used in
minor scale in order to generate solar concentration high
levels to achieve enough thermal energy to satisfy hot
water demand in residential buildings, homes and even the
industry. The prototype here presented was developed in
four phases: The parabolic dish, the gear box and
mechanical support device, the sun tracking control
system and finally the system integration and operational
tests. The four phases conjunction results in a totally
operative prototype with the capability of achieve
temperatures of 400 °C, over a concentration focal point
under partially cloudy day conditions.

Prototype, Solar energy, Thermal energy, Solar
concentrator, PDR, Sun tracking, Parabolic dish.

Resumen

La reduccion en el consumo de combustibles
convencionales puede realizarse a través del uso de la
energia solar, transformandola en energia térmica a través
de un colector solar que de entre todos los tipos existentes,
la tecnologia del colector de concentracion de disco
parabdlico reflector, o simplemente concentrador solar
PDR, presenta una de las vias de mayor eficiencia para la
obtencion de energia térmica. Los concentradores solares
de disco parabdlico reflector, usualmente son disefiados en
grandes dimensiones con el proposito de generar energia
eléctrica, sin embargo esta misma tecnologia, pero a
pequefia escala, es capaz de alcanzar elevados niveles de
concentracion solar generando asi energia térmica
suficiente para satisfacer la demanda de agua caliente en
edificios habitacionales, casas e incluso en la industria. El
prototipo que en este trabajo se presenta fue desarrollado
en cuatro fases: El disco parabdlico, las cajas de engranes
y dispositivo de soporte, el sistema de control para el
seguimiento solar y finalmente la integracion y pruebas de
operacion. La conjuncién de las cuatro fases resulta en un
prototipo totalmente operativo con la capacidad de Ilegar
hasta los 400 °C de temperatura sobre el punto focal de
concentracién bajo condiciones de dia parcialmente
nublado.

Prototipo, Energia solar, Energia térmica,
Concentrador solar, PDR, Seguimiento solar, Disco
parabolico
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Introduction

Solar energy is a viable alternative to solve the
energy problems that the use of fossil fuels
entails. There is a lot of information about the
behavior of this energy, in what magnitude it is
received on our planet and especially in Mexico.
Currently, both public and private organizations
worldwide are making great efforts to generate
knowledge and technological advances in order
to achieve a better capture of solar energy in an
increasingly economical and efficient way
(Perales, 2007). They have developed a series of
experimental models and from them it has been
tried to improve them more and more, however,
these improvements carry with them an
inevitable increase in manufacturing costs.

There are various technologies of solar
collectors whose efficiencies depend on the
capacity to capture solar radiation, the most
widely used being the flat collector type,
however, its concentration is relatively low
compared to other technologies used at gigantic
industrial levels, such is the case concentration
collectors, specifically the parabolic reflector
disk. Until now, concentration technology has
generally been handled only on a large scale, that
is, from 5 to 7 m in diameter, thus justifying the
demand for electrical energy necessary to move
the collector in two rotational axes, which
precisely gives it the possibility of reach high
levels of concentration.

The purpose of this work is to design and
build a prototype of a PDR solar concentrator, or
reflector disk parabolic, with solar tracking in
two axes, whose diameter is of small modularity
and that provides high quality thermal energy,
that is, high temperature. The reason for
providing a disk of small dimensions lies in
making  concentrating  solar  technology
applicable both to satisfy the needs of thermal
energy for services and uses of small and
medium-sized industries as well as for homes,
and is no longer exclusive to the production of
steam for power generation.

The design and construction process, as
well as integration and testing, of the small
modularity PDR solar concentrator is presented
in four sections: Configuration of the
concentrator disk, the design criteria and the
final construction of the concentrator disk are
presented.

ISSN 2524-2121
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Clamping and movement mechanisms,
the elements used for the transmission of
movement to the concentrator are presented;
Control system for solar tracking, the form of
control chosen to carry out solar tracking in two
axes is disclosed; Results, the experimental data
obtained once all the parts of the concentrator
have been integrated are presented.

Hub Disk Configuration

The dimensions of the reflector parabolic disk
are determined from the geometric relationships
shown in Figure 1 in which it can be observed
that there is a relationship between the diameter
of the disk, a, the focal length, f, and the edge
angle. , ¢r, depending on the width of the focal
image, W, required so that a heat transfer device
can be placed in the center of the concentrator
(Kalogirou, 2009).

e

B

Figure 1 Geometric parameters of a reflecting parabolic
disk

When designing any type of solar
collector, the main objective is to obtain the best
possible use of the solar radiation captured. In
the case of concentration collectors, this use
depends on the concentration ratio, finding that
the main design criterion to be established is the
maximum concentration ratio Cmax, and this
value must be kept constant to carry out the
sizing of both the disk and the absorber element.

This Cmax value is defined as the
maximum that can be obtained, based on the
interception of all the reflected specular
radiation which is within the cone with angular
amplitude equal to 0.534 + & as shown in Figure
2. According to Duffie and Beckman (2009), this
maximum value mathematically is obtained as
follows:

DURAN, Pino, BARBOSA, J. Gabriel, QUINTO, Pedro and MORENO,
Luis. Solar Concentrator PDR with solar tracking. ECORFAN Journal-
Taiwan. 2020
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senchrcosz((pr+0.267+§) In Graph 1 it can be seen that the

Cmax = -1 (1) maximum value of Cmax is 2850 and is reached

4sen? (0.267+%)

The inclusion of the factor called
scattering angle, 6, makes it possible to consider
the angular errors associated with inappropriate
solar tracking, roughness inherent to the
reflecting surface and poorly shaped in the
curvature of the disk. That is, depending on these
errors, it can be known how much the radiation
reflected by the concentrating element increases
in amplitude. These standard errors have been
obtained experimentally using statistics (Stine,
1985).

N\

A

0.53°+6

A

Figure 2 Schematic of a portion of a concentrator with a
scattering angle & added to the solar interception angle of
0.53°.

From equation 1 it can be seen that the
Cmax depends on the edge angle or, in this way
various values of it will have to be proposed to
know the maximum value of Cmax that could be
reached.

3000 -
et idleal

2500 1 real

2000

1500

1000
500 -
0 = —T — = J

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Angulo de borde ¢r (°)

Cmax

Graphic 1 Maximum concentration ratio for PDR
collectors
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when °r = 45 °, after 45 ° the value of Cmax
begins to decline in the same proportion as it
increased. However, only the ideal case has been
considered, it is possible to compare the ideal
case with the behavior of Cmax by including the
angular deviation. According to the graph or
against Cmax, it is observed that the maximum
concentration ratio decreases drastically from
2850 to 280 when including the angular
dispersion, that is, it decreases almost 10 times
its value.

The values of or = 45 ° and Cmax, real =
280 are considered as the first design criteria for
the reflector parabolic disk and must be kept
constant to determine the geometric parameters
of the disk.

The second design criterion of the
parabolic disk is the fulfillment of one of the
objectives of this work, the small modularity of
the concentrator, which must be small to be
installed in a house but large enough to be able
to couple some type heat exchanger at its focal
point, for example thermosiphon type.

Having the edge angle defined to achieve
the highest concentration, it is now necessary to
establish the edge radius and the optimal focal
length to generate an image on the focal plane
such that it allows satisfying the criterion of
small modularity.

According to the results obtained, disc
diameters less than 1 m provide very small focal
images to consider the construction of a
functional heat exchanger. The diameters of 1 m,
1.25 m and 1.5 m generate focal images on
which thermosyphon-type heat exchangers of at
least 2.54 cm in diameter could well be
constructed.

Disc diameters of 1.75 m onwards are
considered too large to meet the small
modularity criterion (Duran, 2012).

Therefore, the diameter of the disk
proposed for the construction of the parabolic
disk will be defined at a value of 1.5 m since its
corresponding image width will allow a
thermosyphon of almost 5 cm in diameter to be
placed on its focal point, allowing a better use of
the radiation solar.

DURAN, Pino, BARBOSA, J. Gabriel, QUINTO, Pedro and MORENO,
Luis. Solar Concentrator PDR with solar tracking. ECORFAN Journal-
Taiwan. 2020
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Table 1 summarizes the geometric
characteristics and technical specifications of the
concentrator and absorber and is illustrated in
Figure 3.

Figure 3 Graphic design of the reflector disc and absorber
element

Characteristic " Specification

Collecting area 12.55 m?
Edge angle 45°
Diameter 1.5m
Focal distance 0.9m
Edge Radius 1.06 m
Disc mold Fiberglass
Reflective material Mylar
Mylar reflectivity 0.85
Absorber diameter 0.05m
Absorber material Aluminum
Anodized aluminum absorptivity | 0.14
Total weight 20 kg

Table 1 Technical specifications of the concentrator disc
and absorber element

Mechanisms of movement and clamping

The mechanical system of the concentrator is
made up of two parts. The first is a gearbox
manufactured in duplicate in order to allow the
transmission of motion from the motors to each
axis of rotation (two-axis tracking mechanism).
The second refers to the support structure to
mount the rotation shafts that in turn will support
the reflector disk.

The motor considered suitable for the
movement of the concentrator is an automotive
worm-worm type motor, since it provides high
torque at low speed and a transmission of
unidirectional movement from the motor to the
mass of the concentrator.

ISSN 2524-2121
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The design of a gearbox or speed reducer
is of great importance for the solar concentrator,
since through it it is possible to obtain the
precision of the angular movement in each axis.

So that for every half turn of the axis of
the worm gear, the elevation or azimuth axis has
an angular displacement of 1 °. In order for the
box to be neither too heavy nor robust, a 4-gear
design like the one shown in Figure 4 is
proposed.

Figure 4 Gear train for transmission of motion and speed
reduction

Figure 5 shows the proposed design for
the support system, which tries to concentrate all
the weight of the concentrator just on the vertical
axis so that there is no weight imbalance during
the movement of the prototype, perhaps caused
by the disc itself. reflector or gearboxes, these
two components being the heaviest.

As it is a solar concentrator that must be
following the Sun throughout the day, it is
required that the main components of the support
are in a certain way resistant to corrosive effects
and deterioration due to the weather, so the
material of the bars that make up the shafts are
made of stainless steel.

The main mechanical components are
mentioned in Table 2 and are indicated in Figure
5, which corresponds to the design of the PDR
solar concentrator.

DURAN, Pino, BARBOSA, J. Gabriel, QUINTO, Pedro and MORENO,
Luis. Solar Concentrator PDR with solar tracking. ECORFAN Journal-
Taiwan. 2020
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Figure 5 PDR Solar Concentrator General Design

No. . Component / Part

1 Vertical axis of rotation for azimuth.
2 Horizontal axis of rotation for lifting
3 Bearings for the two axes, vertical and
horizontal.

Bearing for vertical axis.

Gear box.

Engine.

Disc support arms.

Reflector disk.

Vertical axis support.

0 | Base.

PRlOo|No| oA~

Table 2 Components and main mechanical parts of the
concentrator

Control system for solar tracking

When working with concentrating solar
collectors, it is necessary to develop a solar
tracking system in one or two axes depending on
the type of collector, since they work mainly
with direct solar radiation. In the case of
parabolic disk concentrators, a solar tracking is
managed in two axes, elevation and azimuth,
with the aim that the concentrator is always
oriented to the Sun at any time of the day.

According to Duffie and Beckman
(2009), the position of the Sun at any time of the
day can be predetermined, considering the date
and geographic location of the viewing point.
With this mathematical algorithm the set point
signals for the elevation axis and the azimuth
axis are generated.

ISSN 2524-2121
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The proposed control strategy is of the
open loop type where signals are generated that
allow the activation of the two direct current
motors, one for elevation movement (0 to 90 °)
and the other for azimuth movement (0 to 180 °).
, SO that to obtain a degree of movement in each
axis of rotation, the corresponding motor must
give half a revolution. The block diagram of the
control system is shown below in Figure 6.

Figure 6 Control system block diagram.

The controller is the module where all the
control and power electronics necessary to
obtain a response from the tracking system are
located, it is here where the aforementioned
mathematical algorithm is housed. Physically it
is @ micro controller with its own software in
conjunction with a minimum power system
necessary for its operation. The choice of this
microcontroller lies in its large memory capacity
and processing speed, sufficient to carry out the
trigonometric operations characteristic of the
equations that determine the apparent motion of
the Sun.

Obtaining the degrees of movement for
the positioning of the concentrator, a core part of
the microcontroller's programming, starts from
the establishment of the date, time, longitude and
latitude entries of the geographical place where
the concentrator is installed for later perform the
corresponding calculations and send two
activation signals to a dual type motor speed
control card, this in order to reverse the polarity
of the motors so that they can be driven in both
directions of rotation. This card is the one that
ultimately turns the motors for elevation and
azimuth on or off.

The accelerometer only acts when the
system is actuated for the first time in order to
establish the concentrator in a reference point
and from there perform the calculations of the
rotation in elevation, or when the system must be
reset after a failure stop or maintenance.

DURAN, Pino, BARBOSA, J. Gabriel, QUINTO, Pedro and MORENO,
Luis. Solar Concentrator PDR with solar tracking. ECORFAN Journal-
Taiwan. 2020
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The control system will ensure that the
action of the motor is a gradual movement
making the output values of the positioning
calculations in elevation and azimuth of the Sun
be geometrically reproduced as best as possible.
Because the apparent movement of the Sun
makes a change of approximately 15 ° every
hour (Wieder, 2003), the tracking system does
not make a continuous movement, instead it
generates a change in the position of the
concentrator every 5 min.

Results

Two experimental tests were carried out in the
same geographical area under similar weather
conditions, test 1 - cloudy weather, test 2 -
partially cloudy weather, this by comparing the
components of the total radiation that indicates a
predominance of diffuse radiation over
radiation. direct.

The measurement of the total radiation
on a horizontal surface is carried out by means
of a total radiation meter in W / m2, calibrated
for the solar spectrum under normal test
conditions, that is, spectrum for an air mass of
1.5, with GT = 1000 W / m2 at 25°C, which is
similar to direct sunlight at noon in central
Europe. From this measurement of total
radiation, the direct radiation normal to the
concentrator aperture plane was obtained, from
the mathematical model of the Erbs correlation
(Erbs D. G., Klein S. A., & Duffie J. A., 1982).

From the radiation measurements, an
estimate of the incident direct solar radiation is
obtained normal to the concentrator aperture
plane, from which the absorbed flux at the focal
point is calculated, which in turn will serve for
future estimates. useful energy which may be
subject to experimental verification.

The temperature reached on the absorber
element is monitored by a type J, class 2
thermocouple, calibrated for a temperature range
from -40 to 750 °C. The thermocouple at all
times remains in direct contact with the absorber
element without the latter having any type of
thermal insulation.

Considering the experimental data,
Graphs 2 and 3 clearly show a linear or
proportional relationship between the total
radiation and the temperature reached by the
absorber at the focal point.

ISSN 2524-2121
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The peaks indicate sampling points that
can be considered as instants of solar clarity, it is
at these points where the maximum temperature
values are reached. However, the abrupt
decreases of the same are translated not only as
instants where the cloud cover interferes with the
passage of solar radiation but also there is the
existence of air currents that accelerate the
transfer of heat by convection generating heat
losses in the absorber element.
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Graphic 2 Graph of experimental data obtained for test 1.
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Graphic 3 Graph of experimental data obtained for test 2.

Taking an average of the maximum and
minimum temperature values reached in the
collector absorber element, it is considered that
in the tests the minimum temperature reached
was 24 ° C between 12:30 and 12:42 hrs, while
the maximum was 410 ° C at 1:54 PM, under
partly cloudy sky conditions.

Currently the solar concentrator is in the
experimentation stage with fluid loading,
passing through its focal point a thermal oil
whose boiling point is 300 ° C.

DURAN, Pino, BARBOSA, J. Gabriel, QUINTO, Pedro and MORENO,
Luis. Solar Concentrator PDR with solar tracking. ECORFAN Journal-
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Although improvements are still being
implemented in the fluid circulation system,
some experimental values from preliminary tests
show that the operation of the concentrator for 3
hours increases the temperature of the thermal
oil from 26 ° Cto 120 ° C, as shown in the Graph
4.

140 -

e

s 120 -

S

S 100 -

=

o

£ 80

ko)

< 60 -

o

S 40 -

2

5 20 A

o

E 0

[«B]

- 858981989819 8%¥S
NANANANOON OO S O
I o A A A A A A A A A A A

Hora del dia

Graphic 4 Experimental data obtained by circulating
thermal oil through the concentrator.
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Conclusions

From the information resulting from the
experimental tests and the calculations obtained
from them, it can be concluded that the PDR
solar concentrator is functional and fully
complies with the proposed objective, being
applied on a smaller scale than usual, so that it
can be installed in home or small business.

Choosing the right diameter depends in
the first instance on knowing the edge angle that
provides the maximum concentration. Once
known, this angle must be kept constant to
ensure maximum concentration and then the
most convenient dimensions of focal length and
diameter of the disk can be freely varied.
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The direct solar radiation incident
perpendicular or normal to the aperture plane is
at all times greater than the direct radiation on a
horizontal plane, this shows that the proposed
control system works and that the trajectory of
the apparent movement of the Sun is effectively
being followed. The system will be positioned in
the direction of the Sun regardless of the
obstruction of solar radiation, whether by cloud
cover, buildings, trees or any other object that
generates shade.

The angular scattering error considered
allowed dimensioning a suitable focal image
width so that the solar radiation reflected by the
disk is concentrated almost entirely within the
absorbing area. Even so, the concentrator
exhibits movement oscillations in its support
structure mainly due to the torque applied by the
motors at the beginning of each position change.

The minimum and maximum values of
temperature reached in the absorber are directly
associated with the minimum and maximum of
incident solar radiation registered in the
radiation meter. Therefore, it can be mentioned
that the focal point has a behavior in real time
that depends for the most part on the incident
solar radiation.

It can be estimated that the operating
range of the concentrator shows a wide range of
application due to the temperatures that can be
reached, registering temperature ranges of more
than 400 ° C above the focal point, which makes
the concentrator a source of energy of high
quality according to the general objective of this
study. Therefore, the prototype has a great
capacity to be exploited scientifically and
commercially due to its simplicity in handling,
small modularity and, above all, its great
capacity to generate high-quality thermal
energy.

There are times when the temperature
curve is above the radiation curve, meaning that
the absorbing element obtains energy from a
different source than the radiation reflected by
the parabolic disk.

DURAN, Pino, BARBOSA, J. Gabriel, QUINTO, Pedro and MORENO,
Luis. Solar Concentrator PDR with solar tracking. ECORFAN Journal-

Taiwan. 2020



Article

8
ECORFAN Journal- Taiwan

One possible explanation is that there is
solar radiation that reaches the absorber from its
back and at the same time receives energy by
conduction heat transfer from its support device
which is made of aluminum and is also exposed
to solar radiation, then the sum of these two
sources of energy and the low or almost zero
speed of the wind so that the absorbing element
gives up heat slowly contribute to the fact that at
times the heat energy of said element is greater
than that provided by the incident solar radiation
reflected on the Focal point.

Based on the experimental data obtained
by circulating the thermal oil through the
concentrator, some preliminary calculations
indicate that it could be achieved by increasing a
temperature delta of 25 to a mass of water of 100
kg, or generating 30 kg of saturated steam. of
water starting from water at 25 ° C.
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Abstract

This work presents a novel application of a system
to assist therapies during upper limb rehabilitation.
The design and kinematic analysis of a device proposed
is presented. Two mechanisms are driven by only one
motor develop circular, arc and linear paths in order to
move the shoulder and elbow joints in rehabilitation
therapies. The first mechanism M1 position, velocity
and acceleration are analyzed and its graphics respect
to time are obtained. The main goal is to develop a
mechatronic system which help to therapists during
shoulder or elbow rehabilitation activities and be able
to record the patient movements during the session.
The methodology includes the study of art state,
biomechanic analysis of shoulder and elbow joints,
mechanism type selection and kinematic analysis in
MATLAB® and its validation in ADAMS®. The main
contribution is the proposal of an easy to use
mechanism that develop three paths for upper limb
rehabilitation. The amplitude and velocity of
movements can be programmed, monitored and
registered in a computational system and the
information used to improve therapy.

Mechatronic, Rehabilitation, Shoulder, Elbow

Resumen

Este estudio presenta la novedosa aplicacion de un
sistema mecatrénico en la asistencia en terapias de
rehabilitaciéon de la extremidad superior, asi como el
disefio y andlisis cinematico del modelo propuesto.
Dos mecanismos impulsados por un actuador
desarrollan trayectorias circulares, lineales y de arco,
para la movilizacion de las articulaciones del hombro y
el codo como apoyo en las terapias de rehabilitacion.
Para el mecanismo M1 se realiza andlisis de posicion,
velocidad y aceleracion y se obtienen y validan sus
graficas respecto del tiempo. El objetivo es desarrollar
un sistema mecatrénico que ayude a terapeutas durante
actividades de rehabilitacion de hombro y codo y sea
capaz de registrar los movimientos de los pacientes
durante la sesion. La metodologia incluye un estudio
del estado del arte, el estudio biomecénico de las
articulaciones del hombro y del codo, la seleccion del
tipo del mecanismo y el analisis cinematico en
MATLAB® y su validacion en ADAMS®. La mayor
contribucion es la propuesta de un mecanismo de facil
uso que desarrolla tres trayectorias para la
rehabilitacion de la extremidad superior. La amplitud y
velocidad de movimientos puede ser programada,
monitoreada y registrada en un sistema computacional
y la informacion usada para mejorar la terapia.

Mecatroénica, Rehabilitaciéon, Hombro, Codo
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Introduction

The World Health Organization reported in
2006 that an estimated 10% of the world’s
population lives with some form of disability
(WHO, 2006). In Mexico, in the 2010 census
produced by INEGI (The National Institute of
Statistics and Geography), 5.1% of the
population have some kind of disabilities
(INEGI, 2010) and 58.3% of them have
limitations walking and moving. Number of
people with disabilities is increasing mainly due
to growth population and aging as well. About
80% of people with disabilities live in
developing countries; most of them live in
poverty and have difficulty accessing basic
health services, including rehabilitation services
(WHO, 2006).

CRIQ (Integrated Rehabilitation Center
of Queretaro) promotes measures to prevent
disabilities, rehabilitation and in achieving the
goals of equality and full participation of people
with disabilities as well (DIF Queretaro, 2014).
CRIQ has manual equipment for physical
rehabilitation, Figure 1, which indispensably
requires at least one therapist for each patient in
rehabilitation. In general, automated equipment
for aid limb rehabilitation therapies in health
institutions in the Mexican state of Queretaro is
scarce, mainly due to high costs. Moreover, it
has been found that using robotic systems in
rehabilitation therapies respect to manual
therapies increase profits because they
incorporate intensive tasks and interactive
exercises (Burgar, Lum, Shor, & Machiel Van
der Loos, 2000)(Heo, Gu, Lee, Rhee, & Kim,
2012). Advanced technology can enrich
treatments and can help patients who cannot
regularly travel to clinics for treatment;
however, this is not superior to traditional
treatments and cannot replace therapists
(Levanon, 2013).

In this project, design and construction
of an automatic system programmed by a
therapist, assist patients in circular, linear and
rocker movements of upper extremity is
proposed. The purpose is to help the patient to
mobilize the shoulder and elbow’s joints in the
amplitudes and speeds indicated in therapy,
primarily flexion and extension movements.
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Figure 1 Wheel for shoulder and elbow mobilization
(KinesioShop, 2014)

Background

In early 1980, the "Stanford Robotic Aid
Project" Professor Bernard Roth Stanford and
Inder Perkash, head of "VA Spinal Cord Injury
Service" were co-investigators with professors
Leifer Dr. Vernon Fickle, the proposed
rehabilitation engineering whose goal was to
develop a simple general purpose system that
could assist individuals with disabilities to
achieve independence in activities of daily
living (ADLs, activities of daily living) (Burgar
et al.,, 2000). Two exoskeleton systems were
manufactured and joined to produce flexion -
extension of the elbow and pronation -
supination of the forearm in a slave master
system. The movements of the master system
were reproduced in the slave system via servo
positioning systems. The top view shown
exoskeleton developed called MIME, Stanford
University (USA) Figure 2.

Figure 2 Mirror-Image Motion Enabler, MIME (Burgar
et al., 2000)
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In 2011 the "Robotic Arm Skate for
Rehabilitation™ project, developed in New
Zealand (Wong, Jordan, & King, 2011) was
presented. The device consists of a robotic
skateboard for upper extremity rehabilitation; it
is able to perform scheduled tasks on a
computer, Figure 3. Four electric motors allow
you to perform movements on a flat surface.
Computer games based exercises encourage the
participation of patients and their progress is
monitored on the computer.

b)

Figure 3 Robotic Arm Skate for Rehabilitation. a)
Platform CAD Design, b) Actual Prototype (Wong et al.,
2011)

Methodology

In the upper extremity rehabilitation, different
movements are performed, among the most
important circular and linear paths performed
with arm and mobilize mainly the shoulder,
elbow and wrist mobilization may be found.
There are instruments that assist in achieving
the mentioned movements; they can be passive
or active as shown in Figure 1.
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Shoulder Physiology

The shoulder is the proximal joint of upper
extremity and is the most mobile of all joints of
the human body. Because it has three degrees of
freedom, it can guide the upper limb respect to
the three planes of space (Kapandji, 2006). In
the transverse axis in the frontal plane including
B, it allows flexion and extension movements
performed in the sagittal plane A. Figures 4 and
5. In the anteroposterior axis, included in the
sagittal plane A, allows the movements of
abduction and adduction. On the vertical axis, it
directs the movements of flexion and extension
made in the horizontal plane (cross), with the
arm abducted 90 ° (Kapandji, 2006).

Figure 4 Body Planes, Sagittal Plane A, Plan B and Plan
Front Transverse C. (Kapandji, 2006)

Elbow flexion-extension

The elbow is the middle joint of the upper
extremity, makes the connection between the
arm and forearm. Thanks to that achieved by
the shoulder orientation can zoom in or out of
the body active extremity: the hand (Kapandiji,
2006). Anatomically, elbow has only one joint,
but the physiology distinguishes two distinct
functions: flexion-extension and supination.
Elbow’s flexion has amplitude of 145 °
maximum, Figure 6.

AGUILAR-PEREYRA, Felipe, ALVARADO, Jorge, ALEGRIA, Jesls
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Design The four bars mechanism M2 performs

The Project —Mechatronic System for
Rehabilitation Therapies Shoulder-Elbow Joint
Assistancel, —SIMATREHCI is represented in
the block diagram in Figure 7. It consists in a
mechatronic ~ system, which  has two
mechanisms.

\\
‘ 180
{ {
t‘\ )

\ 2

/ /

el Y
+ /ﬁ/

Figure 5 Shoulder flexion and extension movements
performed in the sagittal plane (Kapandji, 2006)

Figure 6 Elbow flexion-extension movements (Kapandji,
2006)

The slider-crank  (R-RRT)  type
mechanism M1 performs circular paths with
adjustable diameter and linear paths for
mobilization of the elbow and shoulder mainly.
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rocker or arc paths to mobilize the shoulder.
One advantage of the system is that it only
requires an electric motor to drive both
mechanisms, which generates up to six different
movements with two system positions:
horizontal and vertical (Sosa et al, 2012.). The
engine is controlled by computer equipment
through a power amplifier to generate
movements with amplitude and speed set in
therapy. Subsequently a monitoring and data
acquisition will be added to record the
performance of each patient rehabilitation
sessions.

!

Y

Figure 7 —SIMATREHCI Project Block Diagram
(Aguilar-Pereyra, 2014)
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M2

Figure 9 The crank and slotted lever type mechanism M1.
Four bars type M2

Mechanism M1 develops linear and
circular paths and has grips that are installed
and uninstalled manually according the
movement requirements, Figure 9. The
mechanism sizes were established based on the
anthropometric measurements of the Mexican
population (Chaurand Avila, Leén Prado, &
Gonzalez Mufioz, 2007).

Kinematic analysis of mechanism M1

The kinematic analysis of the mechanism was
preformed through vectorial analysis; it
computes position (Eg. 2 and Eqg. 6), velocity
(Eg. 3 and Eg. 7) and acceleration (Eg. 4 and
Eq. 8) of the points A and B respectively.
Figure 10 shows the front view of the
mechanism M1; the driver link 1 is the crank
and its dimension is OA. The coupler link
dimension is AB and the base link is fixed.
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The first step performs a circular
movement over point O, so that point A
develops circular movement centered at point O
and radius OA a path. Point B develops a linear
path on the x axis, the amplitude of
displacement depends on the angle 6 turn the
crank and is maximum for 6 =, 27.

Figure 10 Front view of mechanism M1

If the links are represented by two-
dimensional vectors and a framework Xy
originating at point O is defined because it is
fixed, then the position, velocity and
acceleration of points A and B are defined by
the rA and rB vectors and their first and second
derivatives with respect to time. The A point
position is defined by the angle 6:

0 =01+ 0j=(0,0) (1)
rA = xal+yal (2)
= L;cos01i +L;sen0]j

Vo= Ty = Xp 1 +¥4] (3)

= —1,0sen0i+ L;0cos 0]
ag= =% T4+ 9af (4)
= (=L, sen® — L;02 cos 0)1
+(L,0 cos 6 — L,0% sen 0)]

where L1 is the magnitude of the vector
rA, is the angular velocity and is the angular
acceleration.

Because the movement of point B is
along axis x and the length of vector rAB is
constant, the component of point B in axis y is
cero and its position, velocity and acceleration
are:
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(Xg — -",\)2 +(¥p — Y/\)z = AB? (5)

rg = Xgl + vgi (6)
A
= (x.,\ B \|A81 - yf\)i + 0f
vg = g = kp i+ ygi 7
= (-L,0send + L, w, sen0)i + 0f

ag=Ig= Rgi+ ¥l = (8)
(—(],L1 senB —L,0%cos0 + a,L,send -

” .
m;JABz —)’§)i+ 0j

where:
~L,0cos® (9)
Wy = ——
|ABZ — y2
v
s = (10)
_ —L;BcosB + L8 sen B — L, w3send
|ABZ — y3
N
Results

Because the movement of point B is along axis
x and the length of vector rAB is constant,
the component of point B in axis y is cero and
its position, velocity and acceleration are:
Design of mechanisms M1 and M2 are
presented in Figure 9. Figure 11 shows the
kinematic simulation results in MatLab® of
movement equations for points A and B of
mechanism M1, with lengths OA = 301 mm
and AB = 625 mms—¢irettar and lineal paths are
developed. Results of position, velocity and
acceleration simulation of points A and B for
constant angular velocity o= = rad/s in driver
link 1 are shown in figures 12 and 13.This
results have been validated with the program
Adams® with the model developed in
Solidworks®.

A%

Figure 11 Simulation results in MatLab® of mechanism
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Figure 12 Simulation results in MatLab® of position,
velocity and acceleration of point A of mechanism M1

Figure 13 Simulation results in MatLab® of position,
velocity and acceleration of point B of mechanism M1

Interface for programming and monitoring

The movements of mechanism are programmed
by therapist through of an interface. Single
movements can be executed in mode jog, a
velocity limited has been established. The
interface allows execute repetitive movements
with amplitude, velocity and number of
repetitions established previously. Figure 14
shows the human-mechanism interface
developed in software LabVIEW®.
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Figure 14 Interface for programming and monitoring
developed in LabVIEW®

The user interface for mechanism
control has three displays, through of that user,
who can be medic or therapist, sets the values
of parameters for mechanism movements. The
user can observe the development of
mechanism in a display for monitoring. Three
aspects of this rehabilitation  system
development are, in importance order, safety,
efficacy and efficiency.

The user interface has three operation
modes: Configuration, Teaching  and
Programming. In  Configuration ~ mode,
parameters for digital communication between
computer and control system are set. Test of
performance and safety and movements
monitoring can be executed to evaluate limit
switch and emergency stop. Functions for
Teaching and Programming modes are shown
in Table 1 and Table 2.

Manual setting of current position

Setting of velocity for manual movement
Recording current position in registers
Cleaning position registers

Editing position registers

Turning on and off digital outputs (01,02)
Setting virtual limit for movements
Setting home position

Key—Playl for intentional execution
Recording movements graph

Recording movements data file
Emergency Stop routine

Table 1 Functions for Teaching mode
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Setting movements sequences among positions
Beginning of movements at home position
Selection of positions from registers
Setting velocity for single movement
Setting time pause between movements
Turning on and off digital outputs (01,02)
Selection step by step or continuous mode
Forward or backward sequences execution
Key—Playl for intentional execution
Recording of graphic of movements
Recording of movement file

Emergency Stop routine

Table 2 Functions for programming mode
Safety functions for operation of mechanism

—HomelPosition: the initial position of
mechanism should be at middle point of full
range movement. This position, defined as
—Homel, corresponds to neutral position, in
which flexors and extensors muscles activity is
lowest.

Intentional Execution: to be able for
moving the mechanism or turning on digital
outputs of the system is indispensable to enable
key —Playl simultaneously with the other
function, it is to avoid accidental activation.

For example, for manually moving the
mechanism, is necessary to turn the position
control  knob  simultaneously with key
—Playlactivation. This action can be described
by Eq. (11).

FunPosition = CPosition - Play (11)

where:

FunPosition is the function that sends the
movement command to the motor driver.

CPosition is the virtual knob in the user
interface which set the value of reference
position for mechanism motor.

Play is a virtual key knob in the user
interface which takes boolean values.

Functions that require intentional
execution are: CPosition, CVelocity, Save,
Reset and Turning on and off digital outputs.
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Emergency Stop: when a virtual or real
emergency stop button is activated, the
emergency routine is executed, the mechanism
movement is stopped and digital outputs are
turned off. The emergency stop button is
retentive and causes a fault in the system when
is activated. This fault is eliminated by
sequential activation of keys —Playl and
—Clearl.

Functions of Teaching mode

Manual setting of current position: Cposition
knob set the value of reference for the angle of
link 1 respect to —Homel position; it is an
intentional function. If the position of knob was
lower than the virtual LowerLimit or upper than
UpperLimit, the value of Cposition will take the
value of the virtual LowerLimit or UpperLimit.

Setting of wvelocity for manual
movement: the slider CVelocity establish the
value of highest velocity for mechanism
movements, the range is from 0-100% of motor
highest absolute velocity; this function is
intentional.

Recording current position in registers:
the current position value, including initial
position, is saved into a register by pressing key
—Savel. The value of knob CPosition is
recorded in a register of position array, the
index begins in zero and increments its value
every time that key —Savel is pressed; this
function is intentional.

Cleaning position registers: when key
—Resetl is pressed, all the array of position
registers is saved with zeros, a zero is saved to
the Index; this function is intentional.

Editing position registers: to change the
value of a position register is necessary to select
the value of —IndexI that corresponds to desired
register using keys —Prevl and —Nextl, finally
pressing key —Savel and the new position value
is recorded.

Turning on and off digital outputs (O1,
02): to set or reset digital outputs is necessary
to activate the key that corresponds; previously
key —PLAYI should be activated because this
function is intentional
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Setting virtual limit for movements: to
set virtual limits of movement, that are different
of absolute limits, values for controls
LOWERLIMIT and UPPERLIMIT should be
established. This is a preventive action to
configure movements in a smaller range tan full
range. Recording movements graph: this
function saves an image file of movements.

Recording movements data file: this
function saves a text file of movements, it
includes time, position and velocity for each
sample. This function is executed automatically
by pressingkey —STOPI.

Finally, Figure 15 shows prototype built,
it corresponds to Figure 8.

Figure 15 Prototype

Conclusions

Application of mechatronic systems can supply
external forces for limbs mobilization in
rehabilitation therapies; it cannot substitute
human therapist in none case, moreover this
kind of systems should be used under strict
professional supervision. The proposed system
allows three different movements with only one
motor, which supplies the strength for
controlled movements in position, velocity,
acceleration and iterations. This Project has a
wide scope, actual status, presented here,
includes design and kinematic analysis of
mechanism M1. Mechanisms design is based
on movements with circular, linear and arch
paths and the anthropometric measurements of
the Mexican population. Mechanisms can be
adjusted to different zises of shoulder and
elbow. Future work includes dynamic analysis
for torque required in motor, instrumentation for
strength measuring and the full system
evaluation.
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Abstract

The image processing algorithms collectively known as
super-resolution (SR) have proven effective in producing
high-quality imagery from low-resolution (LR) images.
This paper focuses on a novel image resolution
enhancement method employing the wavelet domain
techniques. In order to preserve more edge information,
additional edge extraction step is proposed employing
high-frequency (HF) sub-band images - low-high (LH),
high-low (HL), and high-high (HH) - via the Discrete
Wavelet Transform (DWT). In the designed procedure,
the LR image is used in the sparse interpolation for the
resolution-enhancement obtaining low-low (LL) sub-
band. Additionally, all sub-bands (LL, LH, HL and HH)
are performed via the Lanczos interpolation. Finally, the
estimated sub-band images are used to form the new
high-resolution (HR) image using the inverse DWT
(IDWT). Experimental results on real data sets have
confirmed the effectiveness of the proposed framework
in terms of objective criteria as well as in subjective
perception.

Super-resolution,
interpolation

Wavelet-domain, Sparse

Resumen

Los algoritmos de procesamiento de imagenes
colectivamente conocidos como super-resolucion (SR)
han demostrado ser eficaces en la produccién de imagenes
de alta calidad a partir de imégenes de baja resolucién
(LR). Este articulo se centra en un método de mejora de
la resolucion de imagen novedosa que emplea las técnicas
de dominio wavelet. Con el fin de preservar mas la
informacién de bordes, adicionalmente se propone una
etapa de extraccion de bordes que emplea altas-
frecuencias (HF) en la sub-banda de las imagenes — pasa-
alta (LH), pasa-baja (HL), y alta-alta (HH) - a traves de la
Transformada Discreta Wavelet (DWT). En el
procedimiento disefiado, la imagen LR se utiliza en la
interpolacion sparse para el mejoramiento en la
resolucion de la sub-banda baja-baja (LL). Ademas, todas
las sub-bandas (LL, LH, HL y HH) se realizan a través de
la interpolacion Lanczos. Finalmente, las imagenes de las
sub-bandas son usadas para formar la nueva imagen de
alta resolucion (HR) mediante la DWT inversa (IDWT).
Los resultados experimentales en conjuntos de datos
reales han confirmado la eficacia del marco propuesto en
términos de criterios objetivos, asi como en la percepcion
subjetiva.

Super-resolucion, Extraccion de bordes, Dominio
wavelet, Interpolacion sparse

Citation: CHAVEZ, Roméan, PONOMARYOW, Volodymyr and CASTRO, Fernando. Image resolution enhancement via
sparse interpolation on wavelet domain. ECORFAN Journal-Taiwan. 2020. 4-7: 18-27

1 Researcher contributing as first author.

© ECORFAN Journal-Taiwan

www.ecorfan.org/taiwan



Article

19
ECORFAN Journal- Taiwan

Introduction

Relatively recently, researchers have begun
developing methods to extend the SR
algorithms to different imaging applications.
There are differences that depend of imaging
applications. Medical imaging applications
differ from photographic imaging in several key
respects. Unlike photographic imaging, medical
imaging applications often use highly
controlled illumination of the human subject
during image acquisition that usually leads to
higher signal-to-noise ratios (SNR). On other
hand, the image processing artifacts are much
less tolerable in medical images than in
photographic applications. Another difference
is that the majority of medical imaging
applications involve creating images through
three-dimensional objects. Thus, while the final
images are two dimensional, they represent
some form of projection through a three-
dimensional volume [1].

The general image capture model, or
forward model, combines the various effects of
the digital image acquisition process such as
point-wise blurring, motion, under-sampling,
and measurement noise. The problem in this
point is to estimate an HR image u(m,n) from
measurements of an LR image f(m,n) that were
obtained through a linear operator K that forms
a degraded version of the unknown HR image,
which was additionally contaminated by an
additive noise  , and can be represented as the
forward imaging model as follows:

f(im,n) = K[u(m,n)] + E(m, n). (1)

In most applications, K is a subsampling
operator that should be inverted to restore an
original image size and this problem usually
should be treated as an ill-posed problem. Many
image display devices have zooming abilities
that interpolate input images to adapt their size
to HR screens. Current proposal introduces a
general class of nonlinear inverse estimators
that were obtained with an adaptive mixing of
linear estimators, with applications to image
interpolation. Wavelets also play a significant
role in many image processing applications.
The 2-D wavelet decomposition of an image is
performed by applying the 1-D DWT along the
rows of the image first, and then, the results are
decomposed along the columns.
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This  operation results in  four
decomposed sub-band images. The frequency
components of those images in the sub-bands
cover the full frequency spectrum of the
original image. Image resolution enhancement
using wavelets is a relatively new subject, and
recently, many novel algorithms have been
proposed [2-6]. These algorithms have
attempted to improve the sharpness and fine
features by using special procedures in the
wavelet domain; where such reconstructions are
performed by manipulations in the different
decomposition sub-bands.

Prior information on the image sparsity
has been widely used for image interpolation
[7]. Wavelet estimators were introduced to
compute fine-scale wavelet coefficients by
extrapolating larger-scale wavelet coefficients
[8, 9]. A more general and promising class of
nonparametric SR estimators assumes that the
HR image u(m,n) is sparse in some dictionary
of vectors. This sparse representation is
estimated by  decomposing the LR
measurements f in a transformed dictionary [10,
11]. The principal idea behind the restriction of
the sparse SR algorithms is that the HR results
can be improved by using more prior
information on the image properties. The
predominant task of current study is consists of
using an approach based on wavelet
decomposition techniques that permit to take
into account both spatial and spectral wavelet
pixel information to enhance the resolution of a
single image that can also be expanded to video
sequences of different types [12, 13].

The principal contributions of current
SR proposal in difference to other state of-the-
art resolution-enhancement techniques consists
in the mutual interpolation via Lanczos and
Nearest-neighbor interpolation (NNTI)
techniques employed in Wavelet Transform
(WT) HF sub-band images, an edge extraction
procedure in wavelet transform space and
adaptive directional LR image interpolation via
sparse image mixture models in a DWT frame.
The proposed framework additionally applies
special denoising filtering that uses the Non-
Local Means (NLM) for the input LR image
performing better robustness in the SR process.
Finally, all of the sub-band images are
combined, generating a final HR image via
IDWT that presents better resolution
performance in terms of the objective criteria
and subjective visual perception in comparison
with the best existing algorithms.

CHAVEZ, Romén, PONOMARYOW, Volodymyr and CASTRO,
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To justify that the novel algorithm of
image resolution enhancement has real
advantages, we have compared the proposed SR
procedure with other similar techniques, such as
the following: Demirel-Anbarjafari  Super
Resolution (DASR) [14], Wavelet domain image
resolution enhancement using Cycle- Spinning,
(WDIRECYS) [15], Image Resolution
Enhancement applying Discrete and Stationary
Wavelet Decomposition (IREDSWD) [16], and
Discrete Wavelet Transform-Based Satellite
Image Resolution Enhancement (DWTSIRE)
[17]. To ascertain the effectiveness of the
proposed algorithm over other wavelet-domain
resolution enhancement techniques, different
LR images of different nature (satellite, medical
and optical) obtained from [18, 19] were tested.
The first database consists of the 20 medical
images, and the second database contains 38
satellite images. All images have format of 8
bits/pixels for gray scale.

The remainder of this paper is organized
as follows. Section 2.1 presents a short
introduction to the NLM filtering method,
Section 2.2 shows an implementation of an
image interpolation through the inverse mixing
estimator in a single image in wavelet space.
The proposed technique for image SR
reconstruction is presented in Section 3. Section
4 explains the applied quality criteria that were
used to quantify the SR results. Section 5
discusses the qualitative and quantitative results
of the proposed technique in comparison with
other better conventional techniques. Finally,
the conclusions are drawn in the final section.

Problem statement proposed methodology
Non-Local Means Filtering

The NLM algorithm computes a denoised pixel
ii(m,n) by applying the weighted mean of the
surrounding pixels of
f(m,n) = {f(r,s)|(r,s) € N(m,n)}. the
estimated value for a pixel (m, n). is computed
as a weighted average of all the pixels in the
image [20]:

Yosenimn flrslwlmnirs)

N r.s)eN(mn) w[m.mnr.s]

a(m,n) =

Where N(m,n) stands for the
neighborhood of the pixel f[r, s]. and the term
w[m,n;r,s] is the weight for the (mn)-th
neighbor pixel.
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The weights for the filter are computed
based on radiometric (grey-level) proximity and
geometric proximity between the pixels,
namely:

Eﬁf[m,n]—f[r,SJ)z} .

wlm,n;r,s] = exp {— 272

g (J[m -2+ (n— .5')2).

(3)

The function g takes the geometric
distance into account. The parameter controls
the effect of the grey-level difference between
the two pixels. This way, when the two pixels
that is markedly different, the weight is very
small, implying that this neighbor is not to be
trusted in the averaging. The denoised image
is used in next steps of the proposed framework.

Interpolations with Sparse Wavelet Mixtures

The subsampled image ii(m.n) is decomposed
with one level DWT in the sub-bands (LL -
approximations; and LH — horizontal detals.
HL — vertical details, HH diagonal details).
which are treated as the matrixes H whose
columns (approximations and details) are the
vectors of a wavelet frame on a single scale. A
construction 15 performed with a dual frame
matnx H whose columns are the dual wavelet
frames {hmn},_. _. [21]. The wavelet
coefficients are written as follows:

Z(m,n) = (ii, hyp ) = Hil(m, n). )

The WT separates an LF image (an
approximation) z; that is projected over the sub-
band image LL scaling filters {hﬂln]ngg and an
HF image (details) z; that is projected over the
finest scale wavelets ILH HIL, and HH in three
directions {h,, .}

1=ms=3neq

5 = Z (0, n)hy, and
neg

3 (3)

Shp = z s(m,n)h; 0.

m=1

2
-’
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The LF mmage z; has litfle aliasing, and
it can be inferpolated sufficiently well when
applving a Lanczos interpolator V*. For
interpolating the HF image z;. we employ
directional inferpolators Vg for 0. where 0 is
a sef of angles that is uniformly discrefized
between 0 and 7.

For each angle & a directional
mterpolator Vg is applied over a block D =
Dg,, of wavelet coefficients if the directional
regulanty factor ||Q,Z]: Qp (sparse regulanty
operators) 1s relatively small i the mentioned
block Such regularization is effective if the
eigenvalues of the self-conjugated operator
010, have an overall varation that is
sufficiently large to distingmish regular
vanations from non-regular variations m a
given direction & m D. For this step, it was
proposed to choose rectangular blocks D =
Dy, that are elongated in the direction of 6.
Each block D m the spatial neighborhood of g
15 chosen to be identical in the three bands
d = 1,2.3; thus, I,(m.n) = lp(m), where [ is
the indicator of the approximation set D.

Each image Z, that is reconstructed
from fine-scale wavelet coefficients in a block
D =Dy, is interpolated with a directional
interpolator V} = V7. The HF residual . and
the image LF f; are interpolated with a
separable and nearly isoftropic Lanczos
interpolator ¥+, The resulting interpolator can
be written mn the following form [22]:

U, =V+sim,n)+ Z. Ve
Sath

i . kY E
—'.}"'j]:h: Zﬂ'i-'-:'e..'!-:-uﬁim."'] (©
ey A

The image Z(m.n) is first interpolated
with a separable Lanczos interpolator V™. For
each angle &, an update i1s computed over
wavelet coefficients of each block of direction
6 nmitiplied by their mixing weight a(Dg ).
with the difference between the separable
interpolator V* and a directional interpolator
Vg along 6. This overall mferpolator is
calculated with O(|®|N) operations, where
|@] = 20 is the number of interpolation angles.
Numerical experiments are performed with 20
angles, with blocks having a width of 2 pixels
and a length between 6 and 12 pixels depending
on their onentation.
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Proposed resolution

enhancement

approach in

In this technique, one level of DWT that applies
different wavelet families is used to decompose
an input image. DWT separates an image into
different sub-bands. The interpolation process
should be applied to the four sub-band images.

Additionally, the novel framework
applies a denoising procedure by using the Non-
Local Means (NLM) for the input LR image
(Noise Reduction Stage, Fig.1). This approach
has better performance on the HF image
components and generates significantly sharper
and clearer edges and fine features in the final
SR image.
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Figure 1 Block diagram of the proposed resolution-
enhancementalgorithm

The differences between the interpolated
LL sub-band image (with factor 2) and the LR
input image are in their HF components that
why it has been proposed the intermediate
process to correct the estimated HF components
applying this difference image. As it is seen in
DWT and interpolation stage of the algorithm
(Fig.1), this difference is performed in HF sub-
bands by interpolating each band via NNI
process (changing the values of pixels in agree
with the closest neighbor value), including
additional HF features into the HF images.

CHAVEZ, Romén, PONOMARYOW, Volodymyr and CASTRO,
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In the proposed SR procedure, the LR
image is used as the input data in the sparse
representation for the resolution-enhancement
process in the following way (Sparse Stage,
Fig.1). Finally, the algorithm computes the
missing samples along the direction from the
previously calculated new samples, where the
entire sparse process is performed with the
Lanczos interpolation, reconstructing LL sub-
band. To preserve more edge information and
to obtain a sharper enhanced image, we have
proposed an extraction step of the edge using

The mean absolute error (MAE) is
presented as follows: HF sub-bands images,
that employs the first level in the DWT
decomposition for an input image LR, the edge
information is used into HF sub-bands
employing NNI process (Edge Extraction Stage
in Fig.1). The edge extracted image is
calculated as follows [24]:

S = J(HH)? + (HL)? + (LH)2, (7)

Finally, we perform an additional
interpolation with Lanczos interpolation (factor
2) to reach the required size for the IDWT
process (IDWT and SR Stage, Fig.1). It was
noticed that the intermediate process of adding
the difference image (the image that contains
the HF components) generates a significantly
sharper reconstructed SR image. This sharpness
is boosted by the fact that the interpolation of
the isolated HF components in HH, HL, and LH
appears to preserve more HF components than
interpolating from the LR image directly.

Performance evaluation

In order to evaluate the effectiveness of the
proposed resolution enhancement algonthm.
the following criteria are employed: peak
signal-to-noise ratio (PSNR). mean absolute
error (MAFE), finally the similarity structural
index measure (SSIM) [25. 26] which match
better human subjectivity.

The PSNR i1s defined as:
PSNR =10-
(255)2 (S)

1010 MSE ° dB.

Where. the mean square error (MSE) 1s
the error measure for a gray scale image of
dimension mxn.
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The mean absolute error (MAE) s
presented as follows:

1 m n _— B
MAE —%ZZIM[I.]]—M[I,]][ 9)

i=1j=1

To obtain the objective criteria value,
PSNR and MAE employ the reference image
(HR) u(i.j) and the reconstructed SR image
estimated via the SR algorithm (3, j).

The standard quality metrics used in the
past such as PSNR. can be erroneous in some
cases: therefore. novel metrics. such as SSIM.
which matches human subjectivity better.
should be used to characterize the performance
of the algorithm For monochrome images. the
SSIM metric values are defined as follows:

< Uz, +C
SSIM(u, i) = LT-“““—*I
i+ pg + G
2050, + C5
62 + 07 +C,
[ Ogy +C;5 ]
.O’f‘o-u + C3 ¢

10)

Here, i is the reconstructed SR image.
and x is the original (HR) image; u and & are
the sample mean values and sample variances
for the u or i images, and &gy, is the sample
cross-variance between the ii and u images. The
justification of the SSIM index can be found in
[25, 26]. The constants C;, €5, and C; are used
to stabilize the metric for the case in which the
means and variances become very small, and
u.suallj,' C_:'ij:Cj =1

Because it is difficult to define the
objective criteria that should be used to ensure
the accurate quantization of the reconstructed
images, a subjective measure of the image
distortion was used in this study via subjective
visual perception by human visual system.

A subjective visual comparison of the
images provides information about any spatial
distortion or artifacts introduced by the
algorithm that is employed and, thus, can make
it possible to evaluate the performance of the
analyzed technique in a different manner.

CHAVEZ, Romén, PONOMARYOW, Volodymyr and CASTRO,
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Experimental results and discussion

Inorder to show the effectiveness of the
proposed method over the conventional and
state-of-the-art image resolution enhancement
techniques, different test images (Baboon,
Elaine, Aerial-A, Aerial-B, Medical-1 and
Medical-2) with different feature are used for
comparison from mentioned image databases.

In this paper, the following families of
classic wavelet functions are used: Daubechies
(Db), Symlet (Sym), and biorthogonal (Bior).
Referring to the image Baboon (Fig. 2) shows
the results of the SR reconstruction algorithm
applied to a LR 128x128 pixels image to obtain
a 512x512 pixels resolution enhancement
image. The novel resolution enhancement
algorithm appears to perform better in terms of
objective criteria (PSNR and SSIM) as well as
in terms of subjective perception, especially
using wavelet Db-1. The visual subjective
perception can be verified in the zoomed part
of the Baboon image (left eye), where fine
details appear to be preserved better in the novel
proposed SR framework.

In the SR reconstructed Elaine image,
one can observe from analyzing Fig. 3 that the
novel algorithm performs better in PSNR and
SSIM, especially using wavelet Sym-2, also it
presents the better perception especially in the
well-defined borders (see the zoomed part of the
image).

WDIREC DWTSIR Proposed
S [27] E [29] Dbl

LR Image DASR [26]

PSNR=31. PSNR=30. PSNR=29.  PSNR=31.

26 70 70 96
128x128 SSIM=0.66 SSIM=0.65 SSIM=0.64 SSIM=0.76
3 9 7 7

512x512 512x512 512x512 512x512

Figure 2 Visual perception results for the Baboon image
contaminated by Gaussian noise (PSNR=17 dB)
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LR DASR  WDIRE IREDSW Proposed
Image [26] Cs [27] Sym2

PSNR=27 PSNR=26 SNR=29> PSNR=30

.10 81 32 39
128x128 SSIM=0.8 SSIM=p.8 SSIM=0.7 SSIM=0.8
46 19 64 61

512x512 512x512 512x512 512x512

Figure 3 Visual perception results for the Elaine image
contaminated by Gaussian noise (PSNR=17 dB)

LR WDIRE IREDSW DWTSIR Proposed

€S A 2 e P 8 9
PSNR=27 PSNR=27 PSNR=27 PSNR=31

18 77 51 94
128x128 SSIM=0.7 SSIM=0.7 SSIM=0.7 SSIM=0.7
56 18 61 78

512x512 512x512 512x512 512x512

Figure 4 Visual perception results for the Aerial-A image
contaminated by Gaussian noise (PSNR=17 dB)

LR DASR WDIRE DWTSIR Pr oposed

PSNR=27 PSNR=28 PSNR=27 PSNR=31

58 13 74 a7
128x128 SSIM=0.6 SSIM=0.6 SSIM=0.6 SSIM=0.6
26 25 26 23

512x512 512x512 512x512 512x512

Figure 5 Visual perception results for the Aerial-B image
contaminated by Gaussian noise (PSNR=17 dB)
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In the resolution enhancement of the
Aerial-A image (see Fig. 4), one can observe
that there is better performance in terms of the
objective criteria PSNR and SSIM as well as in
the subjective perception when the proposed SR
procedure is employed with the wavelet Sym-2
in comparison with the other state-of-the art
technique.

Fig. 5 compares the Aerial-B image
obtained by different algorithms. In the zoomed
images, one can observe that conventional SR
methods produce some blur and artifacts. In
contrast, the novel SR algorithm provides better
image quality (PSNR and SSIM), when the
wavelet Sym-2 is employed. The proposed SR
algorithm restores slightly better regular
geometrical structures.

The resolution enhancement algorithms
have an important application in the processing
of medical images. For this reason, we have
tested several medical images. In the Medical-1
image (see Fig. 6), it is easy to see better
performance in accordance with the objective
criteria and via subjective visual perception in
SR enhancement when the proposed algorithm is
employed with the wavelet Sym-2. Better
preservation of the fine details in the zoomed
part of the image can be obtained for the novel
resolution enhancement framework.

Fig. 7 compares the SR image Medical-
2 obtained by different algorithms. In the
zoomed images, one can observe that
conventional SR methods produce some blur
and artifacts. In contrast, the novel proposed
algorithm provides better image quality (PSNR
and SSIM), when the wavelet Sym-2 is
employed. The proposed algorithm restores
slightly better regular geometrical structures, as
shown in the zoomed part in Medical-2.
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WDIREC DWTSIRE  Proposed
S [27] [29] Sym2

8] 8] 81 o5 o5

LR Image DASR[26]

PSNR=23. PSNR=23. PSNR=22. PSNR=24.

40 99 41 06
128x128 SSIM=0.82 SSIM=0.82 SSIM=0.82 SSIM=0.82
4 1 8 8
512x512 512x512 512x512 512x512

Figure 6 Visual perception results for the Medical-1
image contaminated by Gaussian noise (PSNR=17 dB)

WDIREC DWTSIRE Proposed

LR Image DASR [26] N
S [27] [29]

Sym2

- v = 4

PSNR=22. PSNR=23. PSNR=23. PSNR=23.

98 33 26 62
39x90 SSIM=0.92 SSIM=0.92 SSIM=0.93 SSIM=0.93
9 7 0 7
156x360 156x360 156x360 156x360

Figura 7 Visual perception results for the Medical-2
image contaminated by Gaussian noise (PSNR= 17 dB)

In these experiments, we revise the
resolution enhancement of a number of images
from databases. It can be concluded from this
analysis of the SR enhancement images that
novel framework results in sharper edges and
SR results.

Overall, the results in table 1, 2, 3 and 3
show the better performance in terms of the
objective criteria (PSNR, MAE and SSIM) as
well as in the subjective perception via human
visual system.
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EDSR | Sym | 555 | 321 | 06 | 5.5 | 303 | 0.8
TECHM | 73 7 | 37 | 20 | 61| 08 | 61

5

5

QUE 558 | 318 | 07 | 64 | 304 | 08
o8 | 16 | 20 | 84 | 20

Table 1 Objective criteria values of the resolution
enhancement from 128x128 to 512x512. (The LR image
is contaminated by Gaussian noise PSNR=17 dB)
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DbL | "7 | 53 | 34| s | 11| s3
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wimme | 3 |72 |46 | 78 | s | 4 | 23
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13| 3 |61 | 22| 7 |6 | s0

Table 2 Objective criteria values of the resolution
enhancement from 128x128 to 512x512. (The LR image
is contaminated by Gaussian noise PSNR=17 dB)
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Table 3 Objective criteria values of the resolution
enhancement from 128x128 to 512x512. (The LR image
is contaminated by Gaussian noise PSNR=17 dB

Numerous statistical simulations that we
realized using databases that contain the test
images of different nature (satellite, medical,
optical, etc.) that are characterized by varying
texture, details and edges, properties have
confirmed the better performance of proposed
method in resolution enhancement guaranteeing
it robustness.

Conclusions

In this work, a novel resolution-enhancement
technique based on the interpolation of the HF
sub-band images in the wavelet domain is
presented. In contrast with other state-of-the-art
resolution-enhancement techniques, the
designed framework applies the edge and fine
features information that is obtained from the
HF sub-band images in wavelet transform
space, NLM denoising algorithm modifying
them for the SR restoration, and performs the
sparse interpolation over an oriented block
(approximations and details) in an LR image.
All of these steps result in image resolution
enhancement.

CHAVEZ, Romén, PONOMARYOW, Volodymyr and CASTRO,
Fernando. Image resolution enhancement via sparse interpolation on
wavelet domain. ECORFAN Journal-Taiwan. 2020



Article

26
ECORFAN Journal- Taiwan

Numerous simulation results on images
from databases of different nature (satellite,
medical, optical) have confirmed superiority of
the proposed enhancement framework in
performing the SR reconstruction while
employing different wavelet function in
comparison with other conventional methods.
Experimental results have demonstrated better
performance and robustness of the proposed
algorithm in terms of objective criteria (PSNR,
MAE and SSIM), as well as in the subjective
perception via the human visual system.
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Abstract

Terrestrial robot prototype all — terrain explorer, for
exploration of areas that pose a danger to humans was
developed. Mega Arduino microcontroller was used for
remote control of the robot's movements as well as
shipping and receiving signals in a wireless way. The
visual interface is adapted to be used with mobile
devices, with which the robot can be controlled, and also
signal processing for decision- making. This visual
interface was developed in LabVIEW executable mode,
so this software not need be installed on the mobile
device. A comparison between RF technologies and Wi
- Fi point to point, no significant difference was found
between them, with respect to the wireless functionality
of the robot. The terrestrial prototype designed has four
wheels, it is functional is independent and can be moved
into different types of surface and places where humans
cannot access, either for safety or for the same site. The
proof of concept was successful, the prototype is
expandable in functionality, appropriate technologies and
application-specific functions can be integrated into the
overall scheme.

Autonomic Robot, Signal analysis, Arduino, Mobile
Devices

Resumen

Se desarroll6 un prototipo de robot explorador terrestre
tipo todo terreno, para exploracion de &reas que
representen un peligro para el ser humano. El
microcontrolador Arduino Mega se utilizé para el control
remoto de los movimientos del robot asi como del envio y
recepcion de sefiales de manera inaldmbrica. La interfaz
visual se adapta para el uso con dispositivos moviles, con
la cual se puede controlar el robot, asi como el
procesamiento de sefiales para la toma de decisiones. Esta
interfaz visual fue desarrollada en LabVIEW en modo de
archivo ejecutable, por lo que no es necesario tener
instalado el software en el dispositivo. Se hizo una
comparacion en desempefio de tecnologias RF y Wi- Fi
punto a punto, no se encontré diferencia significativa
entre ellas, con respecto a la funcionalidad inalambrica
del robot. El prototipo disefiado terrestre tiene cuatro
Ilantas, es funcional es autonomo y se puede desplazar
en diferentes tipos de superficie, y lugares donde el ser
humano no puede acceder, ya sea por seguridad o por la
misma accesibilidad. La prueba de concepto se realizd con
éxito, el prototipo es expandible en funcionalidad, se
pueden integrar al esquema general tecnologias y
funciones adecuadas para aplicaciones especificas.

Robot auténomo, Analisis de sefales, Arduino,
Dispositivos Maviles
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Introduction

Historically humans have used machines to
help with difficult tasks to perform, to make
more efficient use of time or simply to provide
comfort. These machines can be simple or very
complicated, depending on the situation it faces,
and the type of solution required. In the case
of areas inaccessible to humans, either by the
difficulty itself or because it represents a risk
to humans, machines are useful to explore these
areas. Therefore is possible to explore in a safer
way areas that represent a danger to human
access, and are to be considered at risk or be
simply inaccessible.

There are two complicated situations for
a human being can access a specific area: a
disaster area and unexplored area. A disaster
area most of the times implies a risk for
humans to get in it. A disaster area is one
where a particular natural phenomenom
occured, a tornado, an earthquake for instance.
It means an emergency situation needs to be
attended, and some times the level of disaster
do not let humans explore some small areas by
themselves.

A disaster area in addition to the
damage already done is an imminent risk to
persons accessing this, either out of necessity or
to help someone else. If one person is getting
caught due to a natural disaster another
important thing related with this issue is the
rescuing time. Both are important survival
factors, getting caugth is only a matter of
fortune, the second depends on many factors,
and is the difference between surviving or not.
In an unexplored area there is also risk because
people do not know what it will find in it, and
thus it is almost impossible to estimate the risk
for a human being to access. For both situations
the common solution is to use some kind of
tool to solve the problem without jeopardizing
the life of someone else in rescuing people, or
unforeseen risks in unexplored areas.

For instance, an autonomous robot
which can access both areas of risk for human
beings can be an adequated solution. The Robot
must have autonomy to be able to explore area
controlled remotely outside of the area. This
must be done by a wireless control system,
developed based on any wireless technology
(IEEE Standard, 2012).
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An image acquisition device is needed
to get information about the general conditions
of the area, and get an idea about the level of
the risk, adquired images, either video or
pictures, and data have to be transmitted by
wireless connection. Temperature and humidity
sensors, gas sensors, light sensors, to have an
overview of the conditions of the environmental
conditions of the area. Another important factor
of auntonomy is that the robot must be able
to avoid obstacles. It needs to detect them
identify if is fixed or mobile and wait to it
disappear or avoid it, respectively.

The researching idea came watching a
video about the earthquake in 1985 at México
City. Professors and students of Mechatronics
Engineering review the documentary and ask
themselves: What about if we build an explorer
robot? It can do the risky work instead of
called—human molesl. After that the next
objective was raise: Design and build a
prototype robot type land rover to explore areas
of risk, with sending and receiving signals by
wireless telecommunication, and it can be
controlled from a mobile device.

In literature are reported different types
of rover, which have various forms and
applications (Arévalo, 2014) (Ortiz, 2007)
(Bauer, 2009) (Lidoris, 2009) (Acosta, 2013)
(Villafuerte & Guzman, 2014) (Oliva, 2011)
(Rodrigo, 2014) (Bauer, 2009) (Sirish &
Suresh, 2014). However the characteristics of
this robot are no reported, for example the
integration of Arduino and LabVIEW for a
similar technological application is no reported
so far.

The structure of this report is as
following:

- Abstract.

- Introduction.

- Theoretical perspective.
- Hypothesis approach.

- Methodology.

- Results.

- Conclusions.

Students were involved in the project
development, because for authors is important
to involve students in the researching process
and project managment to get autonomous
behavior.
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Theoretical perspective

Today technology has had an unprecedented
development in the history of mankind. After
the steam era, followed the age of electricity,
which is to say that was founded in 1808 with
David Humpry (BBC, 2014). Almost a century
after Nikola Tesla gave social life the way we
know it today.

Thanks to Tesla have the generation and
distribution of electricity current (conventional
network) and wireless telecommunications.
George Westinghouse commented laconically:
without Tesla's contributions today's world
would be impossible. (Steathskater, 2014)
(Company, 2013) (Wordpress, 2012). These are
the foundations of knowledge on which rests
the Dbreakthrough of current technology.
Perform a technological development that
would coordinate different technological areas
to develop a work product that has the added
value of social impact, is the motivation of the
authors and students.

The equation could be as easy as:
Technology (Electrical + Wireless
telecommunication + mechanical + electronic)
+ social impact = Robot land rover explorer
prototype. Telecommunications technology is
used to send the information remotely and
electronic technology is basically used to
control the robot movements, processing data
and convert them to information for making
desitions. This taks are performed by a
microcontroller. Microcontrollers are very
dynamic  electronic tools for  building
automation systems and elaborate and efficient
control. The Arduino is a low cost open source
microcontroller, which is easyto use and has
diverse uses and applications (Arduino,
Arduino, 2012), (Salinas, Low cost solarimetric
station with solar resource calculation based on
Arduino microcontroller and web platform,
2014), (Diana, 2015).

For wireless telecommunication there
are two options: RF point to point and Wi — Fi
one. Generally RF itself is taken as a
synonymous of high-frequency signals and
wireless telecommunication, describing
anything from AM radio between 535 kHz and
1.605 MHz to computer local area networks
(LANs) at 2.4
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GHz. However, RF has traditionally
defined frequencies from a few kHz to roughly
1 GHz. In some cases it is extended to 300 GHz
to consider microwave frequencies as RF ones
(Instruments, 2011). Arduino can work for
wireless telecommunication either with Xbee
(Arduino, Arduino, 2012) or Wi — Fi shield
(Arduino, 2013). The first one allows Arduino
microcontroller to communicate by Zigbee
protocol, which is a standard for low power
mesh networks working robustly. A comparison
about the main technological characteristics
about wireless connection is presented at Table

According to the data wireless
telecommunication using Zigbee (XBee shield)
should be the best option for land rover robot,
Table 1, the only disadvantage is the low data
rate, comparing to Wi - Fi, it means
communication is going to be slow but cost,
power consumption, complexity and coverture
ratio must be better. ZigBee (Arduino Xbee
shield) has been designed for applications that
require safe communications with low data rate
and low power consumption to maximize the
usefull live of batteries, actually is more oriented
to home automation systems (Diana, 2015)
(Vazquez, Salinas, & Guillermo, Universidad
Tecnolégica Emiliano Zapata del Estado de
Morelos, 2014) (Vazquez D. U., 2014)
(Srinivasan, Raajan, Manonmani, & P, 2014)
(Negus, Stephens, & Lansford, 2000). Arduino
Xbee looks like the adequated one for the
proposed robot, however one important point
to keep in mind is about the image processing
capability, due to one of the main purposes of
the robot is get images from the unknown or
disaster area.

Secunty Medium WEP

Table 1 Comparison betweenZigbee and Wi — Fi, about
characteristics for the proposed land rover robot (IEEE
Standard, 2012)
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Laboratory  Virtual  Instrumentation
Engineering Workbench (LabVIEW) is an
Integrated Development Environment oriented
to virtual instrumentation. According with
National Instruments definition: —LabVIEW is
a highly productive development environment
for creating custom applications that interact
with real-world data or signals in fields such
as science and engineeringl  (National
Instruments, 2013).

It is a very usefull electronic and
programming tool, it is not a simple simulator,
to test simple or complex integral electronic
elements, such as controls, indicators, actuators,
measurement instruments and so on. Engineers,
scientists or students can convert their ideas to
the reality in a not easy but neither very
complex way, since programation is based in
objects, not in code lines. Therefore is an
adequated tool to develop systems to get and
analize data to make decisions. LabVIEW is
compatible with mobile devices, the visual
interface can be designed and built with
LabVIEW and save into device mobile as an
exe file.

The exponential rise of mobile devices
has caused more and more users prefer them
instead of desktop computers. For example, to
have the first 1000 million mobile subscribers
passed 20 years, and only 15 months to get the
other 1 billion. CISCO company predicted that
this year 2015 will have the same number of
mobile phones that human beings on the planet,
and by 2020 there will be around 50 000
million of mobile devices users connected to
the network, an average of three for each
human being (Deloitte, 2013). Also there is the
growth of the so-called App Economy, which is
of 1 000 million smartphone users. This is an
economy that generated 20 000 million of
United States dolars (usd) at year 2011
(Deloitte, 2013). Therefore is very important to
keep in mind this data, when every
technological development, actually every kind
of product, is going to be developed to be
innovative and launch to the market.

Hypothesis approach

Currently the technological advancement has
allowed the technology is available to almost
everyone. The cost of technology is becoming
more accessible even for low budget
universities.
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This allows technologists researchers to
design and build computers that have the same
performance as those of trade, or the design of
new and innovative technological applications
brands. Therefore one hypothesis can be
written:

Hypothesis: It is possible to build a
working prototype rover autonomic, based on
Arduino and LabVIEW, which allows sending
signals and control remotely.

Methodology

The methodology is simple, Figure 1, and is
basically the one suggested by Sampieri
(Sampieri, 2010). The researcing idea of
technological development emerges as a local
need for exploration unsafe for human being
areas which may not or areas where disaster
strikes explored. In the metropolitan area of the
city of Cuernavaca Morelos, Mexico, due to a
problem of over population, people have the
need to locate their homes in unsafe areas,
which are in constant danger of being in a
disaster situation. Therefore the need to build an
autonomous robot was raised for access to these
areas in cases of a disaster, without putting
in risk other human beings.

Concept - Researching

test ide3

| \

Design and
construction of
control system

Literaturs

search
Necion and ’

gonstruction of the
mechanical
strocture

Figure 1 Conceptual map of used methodology

Upon review of the literature no similar
technological developments are found, which
can occur that are integrating three types of
teconlogias: mechanical, wireless
communications and mobile devices. In
addition to integration of Arduino programming
in LabVIEW is recent (Instruments, 2011). The
design of the mechanical structure is proper
and craft, he drew on the expertise of
automotive mechanical technicians.
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This design is empirical, and everything
is based on the experience of mechanical
mechanical technician rather than an educated
design and structural calculations. This is
because no team member has expertise in
mechanical structures.

The wireless electronic control system is
developed based on Arduino and LabVIEW.
Although elements for Arduino have been
added to LabVIEW, programming the signal
acquisition and processing them is not so
trivial. As an added value presented in this
prototype, it has functionality that can be
controlled from a mobile device. This is
accomplished by having the program in
LabVIEW executable, so you should not have
installed the software on the mobile device.
Following this procedure the prototype was
designed and developed.

Results

The initial prototype is built aluminum profiles
and acrylic material mechanical structure. The
prototype has eight standard type tires, which
have their own strength, to have the facility to
move in any terrain. The tires at upper are
to have a smooth ride and give strength to the
robot to climb on land with steep slopes.

The robot has an automated mechanical
arm that allows low weight lifting and moving
objects. This arm is commercial, it was not built
by the authors, just programmed, Figure 2. The
utility of the arm is still under study because at
this stage, priority is the prototype autonomous
mobility. LabVIEW programming environment
is graphic, designed for virtual instrumentation.
This allows a versatile and dynamic
programming, where you can simulate the
behavior of components without having
physically connected.

Figure 2 Autonomous explorer robot prototype
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It also allows physical interaction with
measuring instruments and sensors on one card
automatic data acquisition. The whole program
is not possible to show in a figure, so that in
Figure 3 is showed a screenshot of part of it.
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Figure 3 Part of the virtual programation in LabVIEW

LabVIEW allows custom user interfaces,
which are suitable for mobile devices, Figure
4. The interface shown in Figure 4 is the one
where the user can control the features of land
rover explorer robot. With this interface user
are able to control: the movement of the robot
using touch button; sending signals to the
robot; acquiring signals from the robot and
processing the basic data for decision-making.
You can turn therobot motion control using
the accelerometer of electronic tablet, however
at this stage is not covered.

Figure 4 Visual interface for mobile devices
Conclusions

It is possible to build a robot explorer
combining functional autonomic free hardware
(Arduino) and licensed control software
(LabVIEW). Using Arduino microcontroller
greatly reduces the cost of building the robot
and does not impact the performance of the
same, as it has the same functionality as other
commercial microcontroller.
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Involving young students in developing
technological developments have both
academic research and business impact. Young
people develop skills for autonomy since they
themselves carry out basic research to
implement a technological development.

They also recognize the on-going
importance of teamwork and integration of
multidisciplinary teams, as the skills of each
other come together.

The proof of concept has been
successful, and is able to keep improvingthe
rover, working on their autonomy and also in
the number of signals that can send and receive,
to convert them into information to improve the
decision making process.
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