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Structural analysis of stresses and deformations of a lump-sifting machine
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Abstract

In this paper, the 3D modeling and structural analysis of a
lump-sieving machine is presented, using the Von Mises
maximum distortion energy criteria. The study is carried
out by the finite element method using the CAD design
software SolidWorks. The objective of the study focuses
on analyzing the structure of the machine, the blades, and
the rotation axis of the clay lump breaker. The results show
that the efforts and deformation in the trituration elements,
the square axis of rotation and the structure of the machine,
in addition to the resistive forces generated by the raw
material which, in this case, is clay. According to the
results obtained by the CAD software, the elements satisfy
a safety factor greater than 1.5, it is verified that the pieces
will not fail under normal working conditions. Therefore,
the development of this machine will contribute to
improving the process (time and quality of raw material)
and reducing the physical exhaustion and tear carried out
by the artisans of the municipality of Cohuecan.

Von Mises, Modeling, Structural analysis

Resumen

En este trabajo, se presenta el modelado 3D vy el andlisis
estructural de una maquina desterronadora-cernidora,
usando el criterio de maxima energia de distorsion de Von
Mises. El estudio se realiza mediante el método de
elemento finito usando el software de disefio CAD
Ilamado SolidWorks. El objetivo del estudio se centra en
analizar la estructura de la maquina, las aspas y el eje de
giro de la desterronadora. Los resultados muestran los
esfuerzos presentes y la deformacidn en los elementos de
trituracion, el eje de giro cuadrado y la estructura de la
maquinaria, ademas, de las fuerzas resistivas generadas
por la materia prima que, para este caso, es la arcilla. De
acuerdo a los resultados obtenidos por el software CAD
los elementos satisfacen un factor de seguridad mayor de
1.5 se comprob6 que las piezas no fallaran bajo
condiciones de trabajo normales. En consecuencia, el
desarrollo de esta maquina contribuird a mejorar el
proceso (tiempo y calidad de materia prima) y a reducir el
desgaste fisico realizado por los artesanos del municipio
de Cohuecan.

Von Mises, Modelado, Andlisis estructural

Citation: AMARO-BALANZAR, Jovanni, SANCHEZ-TEXIS, Fernando, IBARRA-BONILLA, Mariana Natalia and
EUSEBIO-GRANDE, Radul. Structural analysis of stresses and deformations of a lump-sifting machine. Journal

Computational Simulation. 2022. 6-16:1-9.

* Correspondence to the author (E-mail: jovanni.orama@itsatlixco.edu.mx)

1 Researcher contributing as first author.

© ECORFAN-Taiwan

www.ecorfan.org/taiwan



Article

2
Journal Computational Simulation

Introduction

Economic activities are called all those activities
through which human beings satisfy their needs,
and that generate profits within the market for
their producers. (Caceres, 2013)

We can distinguish primary, secondary
and tertiary economic activities. Craft activities
are secondary in their classification according to
their function, modifying the raw material, and
in the state of Puebla alone, it involves more than
50,000 people, who live from crafts as their first
or second source of income. (Céceres, 2013)

There are various craft techniques
ranging from ceramics and pottery to jewelry.
Pottery is the art of making clay pots and is
considered the oldest industry; however, today
this activity has an economic burden in different
municipalities of the state of Puebla, among
which is the municipality of Cohuecan.

Cohuecan is located in the center-west
part of the state of Puebla where, according to
the results of the 386 surveys applied by
collaborators from the Higher Technological
Institute of Atlixco (ITSA), the Higher
Technological Institute of Acatlan de Osorio
(ITSAO) and the University Technological
Institute of IzGcar de Matamoros (UTIM), the
main economic activity of its inhabitants is
pottery with 65% (Graphic 1).

Economic activities prevailing in the
community

= Pottery

= Agriculture

Other

Graphic 1 Economic activity with the greatest impact in
the municipality of Cohuecan
Source: Own elaboration

For the pots, plates, glasses, and an
endless list of pieces to reach the hands of the
final consumers, the potters need to carry out a
whole previous process that basically consists of
five stages: (Brito, 2017).

ISSN 2523-6865
ECORFAN® All rights reserved.
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- Lumpy.
- Sifting.
- Making of the raw material.
- Kneading.
- Cut and flattened.

Currently (Figure 1), most of the families
dedicated to pottery carry out the first phase of
the process with the help of a basic lump-breaker
with a maximum capacity of 5 kg or, in more
limited conditions, the lump-breaking is done
manually with the help of a shovel or a hammer
mill. When they go to the sifting stage, they use
a fine mesh sieve to separate the finest part of the
clay once it has been clodded.

The other three stages contemplate the
mixture of clay with water to prepare the raw
material that, later, will be kneaded manually by
the potters. Finally, the dough is cut and
flattened according to the piece to be made and
thus, the final craft is made.

Figure 1 Diagram of the process of making clay pieces in
the municipality of Cohuecan Puebla
Source: Own elaboration

Although the pottery process consists of
five stages, this article only focuses on the first
two of the process, that is, the breaking up and
sifting of the raw material. For this reason, the
present work consists of presenting the
mechanical design and static analysis of the
structure of a lump-sieving machine to verify the
viability of the materials to be used in its
construction. Consequently, the article is divided
into different sections where the material used,
the methodology implemented, the results
obtained, and conclusions are discussed.

AMARO-BALANZAR, Jovanni, SANCHEZ-TEXIS, Fernando,
IBARRA-BONILLA, Mariana Natalia and EUSEBIO-
GRANDE, Raul. Structural analysis of stresses and deformations
of a lump-sifting machine. Journal Computational Simulation.
2022
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Lump breaker

Lump shakers are machines intended for the
dissolution of lumps and agglomerations, they
are always used when in a process, due to
storage, sedimentation or pressure reasons, there
are (in most cases) large pieces/lumps of product
(unwanted) that must be crushed to certain sizes.
(Armas, 2020)

Sifter

A sieve is nothing more than a machine that
performs the function of a sieve, it serves to
separate the powders, or in this case the clay, of
different thicknesses. (Calderdn, 2020).

There are independent Ilumping and
sifting machines on the market, which have
various advantages and disadvantages such as
sound insulation and low vibration frequency;
However, there is no general machine that can
simultaneously carry out two stages of the
artisanal process, such as the breaking up and
sifting of the clay, and that, in addition, they are
provided with training to be able to operate the
machine since, According to the graph shown in
figure 3, of the 386 people surveyed, 57% would
like to be trained in the pottery process.

Desired trainings

5%
= Pottery process and
marketing

= Mechanize or semi
automate

Business model

Graphic 2 Identification of the needs of the inhabitants of
the municipality of Cohuecan
Source: Own elaboration

In addition to the above, the analysis of
the mechanical elements, as well as the selection
of the material, is sometimes not taken into
account when these machines are designed
independently. (Faires, 2003; Gomez, 2018).

ISSN 2523-6865
ECORFAN® All rights reserved.
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Material

The material used in the structure of the machine
is the galvanized steel PTR; because it is a very
dense material it provides ease of welding and
moderate cutting, molding and machining.
Likewise, it has a greater weight, tenacity; it has
a resistance to corrosion and extreme
temperatures; and has superior machinability.

Table 1 shows the properties of
galvanized steel of special interest for the
project. (Hibbeler, 2011).

Property Amount Units |
Elastic module 2e +11 N
m2
Poisson's ratio 0.29 ﬁ
D
Mass density 7870 | Kg
m3
Traction limit 356900674.5 N
m2
Elastic limit 203943242.6 N
m2

Table 1 Specifications of galvanized steel
Source: Own elaboration

Methodology

Structure

Simulation:

The following structure (Figure 2) will be
subjected to a numerical analysis using the finite

element method and a static stress-strain analysis
using the Von Mises criterion.

&

Figure 2 Structure
Source: Own elaboration

AMARO-BALANZAR, Jovanni, SANCHEZ-TEXIS, Fernando,
IBARRA-BONILLA, Mariana Natalia and EUSEBIO-
GRANDE, Raul. Structural analysis of stresses and deformations
of a lump-sifting machine. Journal Computational Simulation.
2022
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Gravity:

In this part, our reference point is the plant (the
structure, which is the part that receives the
greatest force due to the sifting process), which
is subjected to a gravity force of 9.81 m/2.

Figure 3 The red arrow in the image indicates the gravity
applied to the structure
Source: Own elaboration

To apply the loads to the structure, two
areas were chosen where the greatest amount of
force is applied due to the back-and-forth
movement that the sifting machine will perform
once placed.

Load 1:

In figure 4 it can be seen in blue the first face of
the structure subjected to a normal force of 1000
N; these loads (represented by blue arrows) are
distributed along the selected face of the
structure. In reality, the structure is designed to
support up to 50 kg of clay (500 N of force),
however, in the analysis a safety factor of 1.5 is
being considered to limit the nominal load that it
will actually support to 100 kg. its useful life the
structure.

Figure 4 Distribution of forces on one face of the structure
Source: Own elaboration

ISSN 2523-6865
ECORFAN® All rights reserved.
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Load 2:

For force two, the total subjected force of 1000
N is distributed to two faces of the structure as
shown in the figure; these forces are also marked
with blue arrows.

Figure 5 Distribution of forces in the second section of the
structure
Source: Own elaboration

Numerical analysis

Figure 6 represents the resulting mesh after
applying the numerical analysis by the finite
element method with the computer software.
The method can be applied in the resolution and
diagnosis of structural analysis problems to
obtain displacements, deformations and stresses.
In this analysis, the entities can be in contact or
at a small distance from each other, they are of
various types, the one used is of the rigid union
type and compatible meshing.

Thus, we have a standard solid mesh
type, with an element size of 35.8595mm and a
tolerance of 1.79298mm, as well as a total
number of nodes of 15649 and a total number of
elements of 7637.

Figure 6 Numerical analysis by the finite element method
of the structure
Source: Own elaboration

AMARO-BALANZAR, Jovanni, SANCHEZ-TEXIS, Fernando,
IBARRA-BONILLA, Mariana Natalia and EUSEBIO-
GRANDE, Raul. Structural analysis of stresses and deformations
of a lump-sifting machine. Journal Computational Simulation.
2022
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Resultant forces

As can be seen in table 2, the forces are
practically negligible in the X and Z axis due to
the way in which the design is made in the
software, contrary to the y axis, which
practically receives all the force applied to the
structure.

Selection Units SumX | SumY | Sum Z Resulting
All model N 0.00976896 5275.17 -0.0487652 5275.17

Table 2 Resulting forces applied on the structure
Source: Own elaboration

AXis
Simulation

The following clamping axis (Figure 7) will be
subjected to a numerical analysis using the finite
element method and a static stress-strain analysis
using the VVon Mises criterion.

Figure 7 Clamping axis
Source: Own elaboration

Gravity

The reference point is the floor (the clamping
axis), which is subjected to a gravity force of
9.81m / s2.

A

Figure 8 The red arrow in the image indicates the gravity
applied to the axis
Source: Own elaboration

ISSN 2523-6865
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To apply the load to the shaft, an area was
chosen where the greatest amount of force is
applied due to the turning movement.

Load 1

It can be seen in blue on the first face of the
structure subjected to a normal force of 750 N,
(about 75 kg); these loads (represented by blue
arrows) are distributed along the clamping axis.
The maximum weight to support will be 50 kg,
so the blades have a safety factor of 1.5.

Figure 9 Distribution of forces on one face of the shaft
Source: Own elaboration

Numerical analysis

Figure 10 represents the resulting mesh after
applying the numerical analysis by the finite
element method with the computer software.
The method can be applied in the resolution and
diagnosis of structural analysis problems to
obtain displacements, deformations and stresses.

In this analysis, the entities can be in
contact or at a small distance from each other,
they are of various types, the one used is of the
rigid union type and compatible meshing.

Thus, we have a standard solid mesh
type, with an element size of 11.4398 mm and a
tolerance of 0.571988 mm, as well as a total
number of nodes of 3244 and a total number of
elements of 1551.

Figure 10 Numerical analysis by the finite element
method of the clamping axis
Source: Own elaboration

AMARO-BALANZAR, Jovanni, SANCHEZ-TEXIS, Fernando,
IBARRA-BONILLA, Mariana Natalia and EUSEBIO-
GRANDE, Raul. Structural analysis of stresses and deformations
of a lump-sifting machine. Journal Computational Simulation.
2022
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Resulting forces

As can be seen in table 3, the forces are
practically negligible in the X and Z axis due to
the way in which the design is made in the
software, contrary to the y axis, which
practically receives all the force applied to the
structure.

Selection |  Units Sum X SsumyY | SumZ | Resulting

All N -0.0956726 785.401 -0.0582352 785.401
models

Table 3 Resulting forces applied on the axis
Source: Own elaboration

Blades

Simulation

The next axis will be subjected to a numerical
analysis using the finite element method and a

static stress-strain analysis using the Von Mises
criterion.

Figure 11 Holding shaft
Source: Own elaboration

Gravity

In this part, the reference point is the plant (the
blades), which is subjected to a gravity force of
9.81m / s2.

Figure 12 The red arrow in the image indicates the gravity
applied to the blades
Source: Own elaboration

ISSN 2523-6865
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To apply the load to the blades, an area
was chosen where the greatest amount of force
is applied due to the turning movement.

Load 1

In figure 13 it can be seen in blue the first face
of the structure subjected to a normal force of
750 N, (around 75 Kkg); these charges
(represented by blue arrows) are distributed
along the blades. Actually, the maximum weight
to be supported will be 50 kg, so the blades have
a safety factor of 1.5.

Figure 13 Distribution of forces to the faces of the blades
Source: Own elaboration

Numerical analysis

Figure 14 represents the resulting mesh after
applying the numerical analysis by the finite
element method with the computer software.
The method can be applied in the resolution and
diagnosis of structural analysis problems to
obtain displacements, deformations and stresses.
In this analysis, the entities can be in contact or
at a small distance from each other, they are of
various types, the one used is of the rigid union
type and compatible meshing.

Thus, we have a standard solid mesh
type, with an element size of 27.3413 mm and a
tolerance of 1.36706 mm, as well as a total
number of nodes of 23214 and a total number of
elements of 11668.

Figure 14 The red arrow in the image indicates the gravity
applied to the blades
Source: Own elaboration

AMARO-BALANZAR, Jovanni, SANCHEZ-TEXIS, Fernando,
IBARRA-BONILLA, Mariana Natalia and EUSEBIO-
GRANDE, Raul. Structural analysis of stresses and deformations
of a lump-sifting machine. Journal Computational Simulation.
2022
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Resultant forces

As can be seen in table 4, the forces are
practically negligible in the X and Z axis due to
the way in which the design is made in the
software, contrary to the y axis, which
practically receives all the force applied to the
structure.

Selection | Units | Sum X SsumyY | SumZ | Resulting |
All models N -4.73118 1485.07 61.3836 1486.34

Table 4 Resulting forces applied on the blades
Source: Own elaboration

Results

For the presentation of the results we will delve
into a topic of great importance which is the Von
Mises criterion, it will be of great importance to
us to understand part of the results of the final
structural analyses.

The Von Mises criterion, also called the
maximum distortion energy criterion, is a static
resistance criterion, applied to ductile materials
depending on the material, it will not flow at the
analyzed point as long as the distortion energy
per unit volume at the point does not exceed the
distortion energy per unit volume that occurs at
the moment of creep in the tensile test.
(Hibbeler, 2011).

Structure
Stress

As can be seen in Figure 15, in the Von Mises

criterion presented by our structure, the

minimum stress coefficient is 4.056e * 10Zi

m2

and the maximum stress coefficient is 3.299¢ =

won Mises (NmA2)
3299+ 06
l 3024+ 06
. 2749405

. 2AT4e 06

. 2199¢406

- 1924e006
16500405

L 1375¢06

L 1.100e+06

. 8250405

55016405
27536005
40566402

¥ Limte ¢4 5tico: 2039¢+08

Figure 15 Von Mises stresses in the structure
Source: Own elaboration
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Displacement

In Figure 16 we can observe the Von Mises
criterion that our structure presents, the
minimum displacement coefficient is 0 mm
which makes it negligible and the maximum
tension coefficient is 1.598e * 102 mm. Which
in turn we can visualize due to the resulting
displacement (URES). (Norton, 2011).

URES (mm)
15%e02
' 1465602
. 1332602

. 1199602

- 1066602

. 9323603

B 7991603
L 6559003
L 5328003

. 3.9%e.03

2664603
1332003
1000630

Figure 16 Displacements of the structure
Source: Own elaboration

Unitary deformations

Finally we can observe the equivalent unit strain
of the structure whose minimum strain
coefficient is 1.950e * —10° which makes it
negligible and the maximum stress coefficient is
1.063e * —10°.

ESTAN
106305
9742606

L 8857205

. 1871606
- 1086805
. 6200806

L 5315606

. 442906

L 158006

| 265306

1773006
8574207
185009

Figure 17 Unitary deformations of the structure
Source: Own elaboration
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Clamping axis
Stress

As can be seen in Figure 18, in the Von Mises

criterion presented by our structure, the

minimum stress coefficient is 1.847¢e * 104%

and the maximum stress coefficient is 1.623e *
107 X
m2’

von Mises (N/mA2)
| -
- 1218es0?

. 1083407

. 9.476e+06
B 8.125e+06
L. 67746406

L 5423406
4072¢+06

27210406
13706406
18476404

P Limite el$stico: 2039¢+08

Figure 18 Von Mises stresses on the axis
Source: Own elaboration

Displacement

In Figure 19 we can see, in the Von Mises
criterion that our structure presents, the
minimum displacement coefficient is 0 mm
which makes it negligible and the maximum
tension coefficient is 1.063e x 1071 mm.
Which in turn we can visualize due to the URES.

URES (mm)
1.063¢-01

' 8746602
. 886002

. 79002

. 1.088¢.02

. 6202602

B sateeq
L 4430602

L 354602

L 2.658¢.02

1.772e.02
8.860e-03
1.000e.30

Figure 19 Axis displacements
Source: Own elaboration

Unitary deformations

Finally, we can observe the equivalent unit strain
of the structure whose minimum strain
coefficient is1.861e * 107® which makes it
negligible and the maximum stress coefficient is
5.808e * —107°.
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ESTRN
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Figure 20 Shaft unit strains
Source: Own elaboration

Blades
Stress

As can be seen in the following table, in the Von

Mises criterion presented by our structure, the

minimum stress coefficient is 6.103e * 101 -~

m?2

and the maximum stress coefficient is 2.507¢e =

N

von Mises (N/m*2)
25070405
l 22086005
- 2009e+05

. 1880e+05

- 16718405

. 1463e+05
1.254e+05
- 1045405
B LT

L 627120400

RACEIT)
20%er04
610%e+01

B Limite eldstico; 2.039e+08

Figure 21 VVon Mises stresses in the blades
Source: Own elaboration

Displacement

In this second table we can observe, in the Von
Mises criterion that our structure presents, the
minimum displacement coefficient is 0 mm
which makes it negligible and the maximum
tension coefficient is 2.045e * 10* mm. Which
in turn we can visualize due to the URES.
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URES (mm]
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1000e-30

Figure 22 Displacements in the blades
Source: Own elaboration

Unitary deformations

Finally, we can observe the equivalent unit strain
of the structure whose minimum strain
coefficient is6.989¢ * 1071 which makes it
negligible and the maximum stress coefficient is
9.142e x —1077.

ESTRN
9142607
8381607

L 1620007

. 6853007

- 6097e.07

. 5336007
B asmsen
L 3513000
3052¢.00

22900

1.530e.07
1.683-08
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Figure 23 Deformations in the blades
Source: Own elaboration
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Conclusions

The design of a joint system of two machines
(lumps and sifters) was proposed, which, by
working together, is expected to reduce work
times and delivery of pottery products. Thanks
to the proposal of this machinery, the artisans
will have a decrease in the physical fatigue that
comes with the manual work of breaking up and
sifting the raw material.
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Abstract

Museums always motivate users to observe and analyze
past situations with which circumstances that gave way to
current or future events are evoked, from them future
scenarios are analyzed in addition to offering a service to
society that currently knows the heritage that is protected
in them. Currently, with the pandemic caused by COVID-
19, daily activities were restricted, and people stayed
inside their homes, this brought with it the impossibility of
carrying out activities such as attending events, and
visiting places far from the local area, among others. All
this caused some activities such as visits to museums to be
restricted and therefore some had to close their doors
permanently or suffered from budget cuts for their
maintenance, which is why the design of a tool that
promotes remote assistance is sought. towards some
regional museums, to be profitable and not disappear due
to lack of resources, in addition to trying to maintain the
current facilities and improve the quality of service, to
achieve greater dissemination of its exhibitions,
conservation, and future works.

Augmented reality, Innovation, Legacy

Resumen

Los museos siempre motivan a los usuarios a observar y
analizar situaciones del pasado con las cuales se evocan
circunstancias que dieron paso a los eventos actuales o
futuros, a partir de ellos se analizan panoramas futuros
ademas de ofrecer un servicio a la sociedad con el fin de
conocer el patrimonio que en ellos se resguarda.
Actualmente con la pandemia provocada por el COVID-
19, se restringieron las actividades diarias y se permanece
dentro de los hogares, esto trajo consigo la imposibilidad
de realizar actividades como asistir a eventos, realizar
visitas a lugares lejos del ambito local, entre otros. Todo
ello caus6 que algunas actividades como visitas a los
museos fueran restringidas y por ende algunos tuvieron
que cerrar las puertas de forma definitiva o sufrieron de
recortes presupuestales para su mantenimiento, por ello es
que se busca el disefio de una herramienta que promueva
la asistencia remota hacia algunos museos regionales, con
el fin de ser rentables y estos no desaparezcan por falta de
recursos, ademas de tratar de mantener las instalaciones
actuales y mejorar la calidad del servicio, para asi lograr
una mayor difusién de sus exhibiciones, conservacion y
trabajos futuros.

Realidad aumentada, innovacion, patrimonio
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Introduction

The world has undergone significant changes in
recent years, from the way we live together, the
educational model, the way we work, among
others. That is why some activities that were
carried out on a daily basis have been modified,
as indicated by Pacheco (2020), "we could not
imagine the transformation in living, thinking,
acting, taking care of ourselves, distancing
ourselves, that we would have since the
beginning of the year 2020. All this as a result of
the appearance of a compound of proteins and
nucleic acids that requires living cells to
reproduce, a coronavirus related to other known
coronaviruses that have caused health problems
and deaths in the world." In order to continue to
coexist with the new normal brought about by
the SARS-CoV-2 virus, daily activities had to be
modified, such as how to work remotely with
access to computer units from home, attend local
and even global events virtually, among others.
These changes brought about transformations in
the economy of the entire world, in addition to
redirecting  economic  resources towards
elements related to health, leaving aside the
distribution of capital that was allocated to the
areas of recreation and leisure, in order to ensure
available resources for doctors, medicines,
hospitals, among others.

According to Roman (2020) "the
economic dimension of culture in Mexico has
been relegated, basically, to the number of
cultural infrastructure available, the source of
financing and the consumption of goods and
services. Factors such as the income it generates
and the contribution it makes to the country's
economy, and even more, the level of
contribution to people's productivity, when
developing their activities or the creation of
others, have been left aside, although there are
indicators that attest to this. Therefore, it is
important to emphasize that the culture sector
has a potential for the economic growth and
development of the country. In recent years, the
social and cultural dynamics have changed, so it
is important to know in detail the cultural sector
in Mexico", it is not enough, only to know what
and how much is spent, but also how and for
what, in addition to the economic and cultural
flows that are favoring, so it is necessary to
investigate the various activities that generate
economic resources and are used in the cultural
sector.
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As part of the cultural heritage are
museums, in which historical elements are
stored on their walls, are preserved with the
greatest amount of care to be visited by people
of different ages, in order to inform and show
both recent and past events, also these have had
internal and external modifications to attract the
attention of the public, as indicated by Colman
(2022), "museums throughout history have
undergone changes, they have gone from being
a place of deposits of objects to a more
educational place. In this sense, the link between
museums and education is still in the process of
being linked to the different levels of the
educational system. Even in this XXI century it
is in constant change to respond to the specific
needs of students, teachers and the educational
community", that is why part of the history,
recognitions and events are stored in them and
serve to give a basis to modernity, however, it is
necessary to identify their economic bases and
the way in which these sanctuaries full of history
can be protected, in which traces of the past can
be found and allow reflection on the future.

According to Unesco (1980) "the
museums in Mexico depend mostly on the
federal government, since by law the cultural,
archeological and historical heritage, and in
some cases artistic, is property of the State",
since 1980 the economic resources administered
by the museums come from the federal and state
governments, on both depends the survival,
opening and management of the museums in
Mexico.

From the above, questions arise: Where
do recreational activities such as museums get
their economic resources if nobody visits them?,
Is it necessary to have a certain activity to
receive economic resources?, Are scientists still
in charge of making discoveries if nobody can
visit them?, How did the pandemic affect this
type of places in terms of visits?, Have museums
carried out some activities to raise funds or have
they closed their doors permanently?

ARROYO-ALMAGUER, Marisol, GONZALEZ-MARTINEZ, Mary
Carmen, CHAVEZ-VIDAL, Eduardo Jesis and RODRIGUEZ-
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According to Inegi (2021), 70.8 % of the
museums had public resources for their
operation (37.3 % with resources of municipal
origin; 34.7 %, state, and 28.0 %, federal); 12.6
% operated with private resources; 5.3 %, with
mixed resources and 11.3 %, with self-generated
resources. In 2020, the percentages were similar,
which is why the resources granted by the
government are fundamental for the
implementation of these museums, in addition to
taking into account the self-generated resources
from new research.

Based on the above data, Inegi (2021)
mentions: "the health contingency due to the
COVID-19 pandemic caused the closure of most
of the museums for some months in 2021. Of the
1248 museums considered in the directory of
informant sources for the 2021 -edition,
information was only collected from 1046
museums that year. Considering the above, in
August of that year only 650 (52%) were open.
By February 2022, a total of 849 museums were
open (68%). In 2020, 1003 museums provided
information on the overall number of visitors. In
2021 the figure rose to 1,046 museums, i.e., 43
more museums. By geographic location, 13
states registered less than 20 museums, six
registered between 20 and 29, another six states
are home to 30 to 44 museums and the remaining
seven states have more than 45 museums.

It should be noted that according to
Longhi, Quezada, & Cappello (2021) indicate
that, "between 90% and 95% of the 60,000
museums in the world remained closed as a
result of the pandemic by COVID-19, given this
problem, they appealed to different ways to
maintain contact with their audiences, being
digital technologies the ones that have reported
the best achievements".
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All the above gave rise to further
research on what were the main reasons why
visits increased in some sites, while in others the
influx of users was lower, since by imitating the
actions of museums that had a substantial
increase in visits, could be replicated in regional
museums and thus increase the number of visits,
Based on this, the data provided by Ingei was
analyzed and we sought to analyze the reason
why visitors were interested in attending certain
museums when the restrictions caused by the
pandemic ended, from which it was found that
the most frequent means by which visitors
learned of the existence of the museum were:
through friends, relatives or acquaintances (28. 5
%) and through the Internet (14.2 %). Having
learned about it through teachers, fellow
students or textbooks occupied the fifth position,
with 10.4 % (in 2020, this option occupied the
sixth position, with 7.7 % of the responses. In
2019 it occupied the second position, with 17.5
%).

For all the above, it was verified that one
of the tools by which the visit to the sites
increased is through the diffusion that the
museum has on the internet, in addition to the
talks between families, which are carried out by
electronic means such as smartphones, which is
why we analyzed a way to merge both elements
and that could provide a considerable increase in
visits to regional museums and make known the
elements that they contain for their
dissemination in all fields, not only in the
scientific field, but also for the general public, as
Celorrio (2015) indicates, "society has evolved
and cultural institutions in general, and museums
in particular, need to adapt to new media and
communicative supports to remain integrated
and, in the long run, avoid oblivion or
disappearance. Nowadays it is common for
museum institutions to have their own website or
manage different profiles on social networks, but
it is not so common for them to comply with the
dialogic dimension of the Web.

Therefore, part of the hypothesis is based
on the assumption that museums need to assume
to a greater extent the participatory dimension of
the Web and consider their target audience not
as a mere passive consumer, but as an active part
of the social and cultural environment of the
institution, which is why some applications
implemented by museums were verified, from
resources such as virtual tours, to 360° views of
the place.
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Based on the above, we proceeded to
indicate which regional museums are most
affected by the pandemic, in addition to
analyzing the various options that could be
offered to increase the number of visits, for
which the museum on the Rincon Colorado
paleontological zone was selected to implement
new technological tools and thereby increase the
number of visits, Both in person and virtually,
since this area presents a particular problem,
since in addition to showing the elements inside
the museum, they are exposed outdoors and this
has caused some of the elements to be affected
by the weather and especially by the people who
frequently come to view the footprints, bones
and elements of the dinosaurs that existed in this
region.

The Rincén Colorado Paleontological
Zone is the first paleontological site in the
country adapted for public visitation: Rincén
Colorado, located in the municipality of General
Cepeda, in the southeast of the state. Rincén
Colorado, where traces of the Cretaceous period
beaches are preserved and a large concentration
of herbivorous dinosaur remains, called
hadrosaurids, have been discovered, offers a trip
to the past of the Earth 72 million years ago,
along the shores of the ancient inland sea of
North America, whose signs remain in the
desert, in the rocks and quarries rich in marine,
plant and insect fossils, in addition to the
vestiges of hadrosaurids.

In this paleontological site there are only
faithful reproductions of the bone remains of the
original hadrosaurs for conservation reasons, as
well as their reservation for research of most of
them, the site offers the opportunity to enter a
natural space of 72 million years where you can
see geological elements of the Cretaceous, the
last period of the Mesozoic era, visible with the
help of informative and didactic brochures.

With this, we sought a way in which
technologies could help preserve these elements
or at least minimize damage from users, since
these elements, being outdoors (Figure 1), could
suffer unintentional damage from visitors. In
addition, it is not possible to avoid visits by the
various users, since, as previously indicated, it is
necessary for the survival of this museum, since,
although admission to it is free, it obtains its
income from the government, which, from the
visits, provides the resources for its
conservation.
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Therefore, when analyzing the options, it
was indicated that the tool that could support the
increase of visits could be an augmented reality
application, which would expose the dinosaurs,
environments and elements that could be found
in the time in which they existed according to the
discoveries made and the footprints left, in
addition to locating the context of the types of
fur or plumage that some animals had at that
time.

Figure 1 Exterior exposure of dinosaur remains
Source: Mexican cultural information system (2022)

Methodology to be developed

In the first instance, guided visits were made to
the area, to delimit the actions that could be
carried out, in addition to locating the site and
analyzing the current situation, all this in order
to execute an action plan according to the needs,
this was done by a group of 5 project
participants, of which 2 people are project
administrators and 3 elements that will execute
the relevant actions in the development of the
activities.

Based on the visit, a situational analysis
was made, in which it was verified who were the
people who mostly attended this place, taking as
a reference the month of January, since in this
month the activities in the museum were
reactivated, with the proper sanitary measures;
The analysis was developed in order to know
their schooling (Graph 1), their ages (Graph 2),
as well as their place of residence (Graph 3), all
of this in order to know the type of population to
which the project will be directed, as well as to
identify the characteristics of the population,
since this will be the basis for promotional
campaigns and the detection of needs.
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Schooling

Graphic 1 Schooling of visitors
Source: Rincén Colorado Paleontological Zone
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Source: Rincon Colorado Paleontological Zone
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Graphic 3 Age range
Source: Rincon Colorado Paleontological Zone

Based on the above data, a comparison
was made of the information obtained in general
visits to museums in the year 2021 in the area of
Coahuila, where the museum is located, which
was 6,338 visitors to museums throughout the
region, in comparison, the museum received 111
visitors at the beginning of the year in the
facilities.
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After carrying out the situational
analysis, a team meeting was held, through
which a pertinent option was sought for the
development of the proposal, in addition to
identifying the profiles of the creators of the
project, the scopes were indicated and the
limitations that they could have when
elaborating the project proposal were
recognized, in this meeting there were personnel
in charge of the paleontological zone, as well as
elements of the Polytechnic University of
Gomez Palacio (UPGOP), which will be in
charge of carrying out the project in its entirety
and Lic. Rosario Pedroza Garcia, representative
of the civil association Morelear, which will
carry out promotion and liaison activities
between the museum and the UPGOP.

Once the previous meeting was held, we
proceeded to create a chronogram, in which the
activities to be carried out were detailed, the type
of knowledge necessary for the realization, in
addition to identifying the necessary
characteristics for its development, promoting
time management using agile development
methodologies.

The development of the project was
selected to be carried out in augmented reality
taking into account the fact that most people
have a mobile device for different daily
activities, as indicated by the National Survey on
Availability and Use of Information
Technologies in Households (ENDUTIH) 2020,
in Mexico there are 84.1 million internet users
and 88.2 million cell phone users.

In Mexico, in 2020, an estimated
population of 84.1 million Internet users,
representing 72.0% of the population aged six
years or older. The survey estimates that 78.3%
of the population located in urban areas are
users, while in rural areas the proportion is
50.4%.

In 2019 users in urban areas were
estimated at 76.6 percent and in rural areas the
estimate was 47.7 percent, which is why by
identifying these characteristics there is a
relevant motive in employing augmented reality
as a tool to exhibit the pieces inside and outside
the museum, in addition to preserving the pieces
in an integrated way by drawing users away from
the archaeological zone and showing the
dinosaurs in a didactic way for all ages.

ARROYO-ALMAGUER, Marisol, GONZALEZ-MARTINEZ, Mary
Carmen, CHAVEZ-VIDAL, Eduardo Jesis and RODRIGUEZ-
VARGAS, Maria de JesUs. Tool design with augmented reality for the
reactivation of regional museums. Journal Computational Simulation.
2022



Article

15
Journal Computational Simulation

The development team is made up of 13
students from the Animation and Visual Effects
Engineering (IAEV) major, one student from the
Information Technology Engineering (ITI)
major, as well as 3 project managers managed by
the institution and participants in the university's
majors.

After creating the work team, the
activities to be carried out were assigned, which
consisted of the creation of sketches, modeling,
dinosaur design, application of effects and
textures, and implementation of QR code
visualization.

All the design and modeling activities of
the dinosaurs are carried out by different
students of the IAEV career, since the specialty
they are studying allows them to know in depth
the tools for the realization of the different
designs.

As part of the design of the tool, paper
models of the three dinosaurs that are known to
have inhabited the region, Velafrons
coahuilensis  or  duckbill  (Figure 2),
ornithomimidae (Figure 3) and another dinosaur
similar to tyrannosaurus rex (Figure 4), were
made in the first instance, These were presented
for subsequent modeling using tools such as
Maya and Unity software, for the realization of
the figures were used models provided by the
museum, in addition to an exhaustive research
on the internet about the types of dinosaurs and
characteristic features.

Figure 2 Duck-billed dinosaur
Source: Mariana Escamilla IAEV student
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Paraxenisaurus Normalensis
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Figure 3 Dinosaur ornithomimidae
Source: Rosa Avalos, IAEV student

Figure 4 Dinosaur of the tyrannosaurus rex family
Source: IAEV students

Once the sketches were finished, we
proceeded to verify the models from some
images available on the Internet and in the
museum, in order to give an approximation to
what we wanted to create, in addition to
including another hadrosaur, the latirhinus to the
list of figures to be made (Figure 5).

Figure 5 Dinosaurs based on real skeleton.
Source: IAEV students
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Once they were drawn in order to
validate the characteristics and types of skin or
feathers that each species had (Figure 6), a
meeting was held with the work team and the
museum manager to validate the objects and
identify findings of different characteristics to
those drawn, in order to find relevant
modifications and proceed to use the Maya
software tool (Figure 7).

\!elqgrofﬂ
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/\/f\f/

Figure 6 Image of dinosaur using colors approximating
the real one
Source: IAEV students

Figure 7 Element created in Maya Software based on
sketch
Source: IAEV students

Results

As aresult, four dinosaur sketches were obtained
in the process of applying textures, movement
and environment with the creation of vegetation
and type of place, with this it is expected to
maximize the interaction of people with the
types of dinosaurs that existed in the region, in
addition to promoting the visit to the site, since
being in a not very busy area the museum has
little attendance.
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Another of the expected actions is to
complete the mobile application and to be able
to upload as a developer to the Play Store
platform the application in downloadable
format, in order to bring information about
dinosaurs, types, food, among others to the
largest possible population, since there are
several visits from foreigners to the area of
Coahuila, as well as foreigners who visit the
museum in search of observing and learning
about the characteristics of that time.

Currently the museum has visits
throughout the year, but mainly on school dates
due to the excursions made by educational
institutions,  besides  having  scheduled
excursions by the tourism area of the area, that is
why it is expected that at the end of the
application it can be disseminated and installed
on the users' devices and take a part of the
museum, which can be appreciated anywhere in
the world.

As future work is expected to fully
realize the application and from this analyze the
possibility of making a virtual tour throughout
the museum, to provide a better view of the site,
apart from seeking federal support to promote
the project and to be made for multiple platforms
and in order to reach any corner of the world, all
with the support of cellular technology and
internet, two powerful tools in today's age.

Thanks to

Special thanks go to the Rincén Colorado
Paleontological Zone, because thanks to them,
their guidance and knowledge we were able to
carry out this application, in addition to
recognizing the work done by Ms. Rosario
Pedraza, representative of Morelear A.C., thanks
to her we were able to make the research trip,
apart from the necessary contact with the people
in charge of the museum was fast and in the
detection of needs she had a positive
contribution by getting involved in the
development of the project and in the
dissemination of the new application to various
institutions in order to promote the scientific
collection.

Another special thanks goes to the IAEV
career, because of them the design of the
application is being carried out smoothly and
efficiently.
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Funding Instituto Nacional de Estadistica, Geografia e

The present work was financially supported by
the Asociacion Civil Morelear, which helped
with transportation and project management, in
addition to contacting both the museum and the
university for the development of the project.

As for the resources granted by the
UPGOP are the project coordinators and
students of the specialties of animation and
visual effects and information technology, which
as part of their education must perform
internships in an institution or in companies in
the field of their specialty, so they worked on the
project without any economic perception and
using the material within the institution.

Conclusions

From the development of the application is
expected an increase in the number of people
who currently attend the museum, in addition to
seeking the increase of visits is proposed to
upload the application to the Play Store platform,
in order to share knowledge, in addition to
proposing to make some promotional events by
Morelear A.C. in the Paseo Colén, which will be
inviting the community in general to meet the
dinosaurs that at some point in the life of the
planet were traveling around and can be seen
from the augmented reality application, in
addition to requesting various supports for the
museum in order to expand the search for more
specimens and thus can diversify the activities
that currently have.
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Abstract

The article’s objective is to show the results of the
development of a prototype capable of counting people,
using artificial vision tools, in order to maintain a
maximum capacity allowed in any closed space and thus
be able to maintain a healthy distance, taking into account
to the health protocols established in our country by the
competent health authorities. It is used an own
methodology, taking aspects and combining the cascade
and prototype model. The new normality requires
maintaining a health protocol. According to the
Undersecretary of Health, Dr. Hugo L6pez Gatell declared
in a virtual meeting with governors on June 17, 2021, that
the capacity restriction in the tourist infrastructure,
restaurant, bars, recreational centers and different public
spaces would allow a rapid economic reactivation and a
reduction in the risk of contagion (Health Secretary,
2021). By obtaining a functional prototype, it is helping to
face the problems that have occurred with the current
global COVID pandemic. The prototype was programmed
in Python 3, using a Raspberry board with the Raspberry
Pi operating system.

COVID, Venue Capacity, Artificial vision

Resumen

El presente articulo tiene como objetivo mostrar los
resultados del desarrollo de un prototipo capaz de realizar
un conteo de personas, utilizando herramientas de vision
artificial, con la finalidad de mantener un aforo méximo
permitido en cualquier espacio cerrado y asi, poder
mantener sana distancia, atendiendo a los protocolos de
salud establecidos en nuestro pais por las autoridades
sanitarias competentes. La metodologia utilizada es
propia, tomando aspectos y combinando el modelo en
cascada y de prototipo. La nueva normalidad requiere
mantener un protocolo de sanidad, que, de acuerdo con el
Subsecretario de Salud, Dr. Hugo Lépez Gatell quien
declar6 en reunion virtual con gobernadores el 17 de junio
de 2021, que la restriccion de aforo en la infraestructura
turistica, restaurantera, bares, centros recreativos Yy
distintos espacios publicos permitira la rapida reactivacion
econdmica y la disminucion del riesgo de contagios
(Secretaria de Salud, 2021). Con la obtencion de un
prototipo funcional, se estd contribuyendo a afrontar uno
de los problemas que se han generado con la actual
pandemia mundial de COVID. El prototipo se programé
en Python 3 usando una placa Raspberry con sistema
operativo Raspberry Pi.

COVID, Aforo en recintos, Vision artificial
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Introduction

All know the existence of a global pandemic due
to the coronavirus COVID-19. In this context,
the Government of Mexico points that the
capacity restriction in the tourist infrastructure,
restaurants, bars, centers recreational areas and
different public spaces will allow for a rapid
economic reactivation and a reduction in the
contagion risk (Health Secretary, 2021).

From this approach at the federal level in
Mexico, the idea arises of proposing a prototype
that, based on an artificial vision technique,
performs the counting of people who enter an
enclosure or closed space in order to count such
people and be able to know when the maximum
capacity has been reached in real time.

To develop this research project, two
types of software and hardware components
have been required.

First, the hardware components are made
up of a Raspberry Pi 3 B+ card, whose general
characteristics are enunciated in Table 1.
According to Clément (2018), the necessary
connections for using Raspberry Pi are the
following:

- An HDMI cable attached to an HD
display.

A USB keyboard.
A USB mouse.
- A micro-USB power.

The of the Raspberry Pi card programming
is made with the Python language since,
according to Donat (2018), it is one of the easiest
languages to learn, it is free to use, it is an
interpreted language, which makes it easy to
write the programs in any plane text editor.

The second important component is the
camera that captures the images and video to be
analyzed to perform the people count; its
characteristics are shown in table 2.
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Processor

Broadcom BCM2837BO,
Cortex-A53 (ARMvVS8) 64-
bit SoC
Clock frequency 1.4 GHz
Memory 1 GB LPDDR2 SDRAM

WACIESE M E YAl 2.4 GHz/5GHz
IEEE 802.11.b/g/n/ac
Bluetooth 4.2, BLE

Nl o i e i\1WAll Gigabit Ethernet over USB
2.0 (300 Mbps de theoretical
maximum)

Ports GPIO 40 pin

HDMI
4xUSB 2.0
CSI (Raspberry Pi Camera)
DSI (Touch screen)
Headphone jack / composite
video
Micro SD
Micro USB (power)
Power-over-Ethernet (PoE)

Table 1. Raspberry Pi B+ technical specifications
Source: Pastor, (2018)

Maximum resolution 720p/30 fps

Camera mega pixel 1.2
Focus type

Permanent

Lenses type Plastic

Integrated microphone Mono

Microphone radio Until 2.74 m
Diagonal field of view (dFoV) [J20R

Universal mounting clip ready for laptops, LCD or
display

Table 2 Logitech C505 camera technical specifications
Source: Logitech, (2022)

On the other hand, the software
components that it was necessary to install in the
Raspberry Pi, are briefly described in table 3, in
which it can be seen the function of each
program in the proposed prototype.
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Software \
Raspberry Pl Imager

Description
Operating  system to
install on the Raspberry
card, it was configured
with the SSH protocol to
be able to manage the

Raspberry card
(Raspberry Pi, 2022).
VNC Server It is a free software

program based on a client-
server structure to access
the Raspberry desktop
remotely. (RealVNC,
2022).

OpenCV It is an open source library
that it includes computer
vision algorithms.
(OpenCV, 2022).

Numpy It is a Python library that
provides a
multidimensional  array
object, various derived
objects (such as masked
arrays and matrices), and
an assortment of routines
for fast operations on
arrays, including
mathematical, logical,
shape manipulation,
sorting, selecting, 1/0,
discrete Fourier
transforms, basic linear
algebra, basic statistical
operations, random
simulation and much
more. (Numpy, 2022)

Table 3 The software used description
Source: Various sources cited in each case.

The prototype is based on an artificial
vision technique, in this area there are already
previous works as cited by Flores & Sandoval
(2021). In 2014, a study was carried out that
focused on the design and implementation of a
low-cost smart security camera with night vision
capabilities using Raspberry Pi and OpenCV.
The system was designed to be used inside a
warehouse, having human and smoke detection
capabilities that can provide prevention against
potential crime and fire. Flores and Sandoval,
also describe that in 2019, a Raspberry Pi and
related camera modules were used for image
acquisition. Here, special attention is paid to the
recording of stereoscopic images and post-
processing software that OpenCV applies.
(Flores & Sandoval, 2021).

ISSN 2523-6865
ECORFAN® All rights reserved.

December 2022, VVol.6 No.16 18-27

According to Pajankar (2020), the field
of computer vision is a combination of different
fields, including (but not limited to) computer
science, mathematics, and electrical
engineering. This field includes ways of
capturing, processing, and analyzing real-world
images and video to aid in decision-making.

Once a functional prototype was
obtained, several tests and training sessions were
carried out, for which a proprietary methodology
was followed, based on a combination of
waterfall and prototype development models.
This development is presented later in this
document.

Once the development of the research
work has been explained, the results obtained are
presented, which were the expected ones, but in
addition to these, a series of observations were
also obtained that allow proposing some
improvements to the prototype in order to carry
out the count in a correct way, more effective
and reliable.

The institutional support and support of
the authors of the work and in the writing of this
article is also acknowledged, thanking all of
them for their valuable contributions. As well as
the financing of the Tenological Institute of
Oaxaca.

Finally, the conclusions reached after
carrying out this project are presented, as well as
the sources consulted for the writing of the
article. This article will allow the dissemination
of the experiences that are being developed in
higher education institutions as part of the
human capital training, that is incorporated into
the our country economic development and
particularly of the state of Oaxaca.

Methodology

For the development of this capacity control
prototype in an enclosure using artificial vision,
a proprietary methodology was used based on
the traditional cascade and prototype models.
Well, as Somerville (2005) states, the waterfall
model consists of five main stages, as illustrated
in figure 1.
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Requerimen
ts Definition

System and
software
desian

Implementation
and Unit Testing

Integration and
System Testing

Operation and
Maintenance

Figure 1 The waterfall model
Source: Somerville, (2005)

Alonso, Martinez & Segovia (2005),
identify the following stages in the prototyping
methodology:

1) Requirements gathering
2) Quick design

3) Prototype construction
4) Prototype evaluation

5) Prototype refinement

6) Product

Considering the above, six development
phases are proposed for this project, which are:

Phase 1:  Features definition of the used
equipment.

Phase 2.  Preliminary  design of the
prototype.

Phase 3:  Identification  of  operating
environments.

Phase 4. Color and contour recognition
tests with the prototype.

Phase 5:  People recognition tests.

Phase 6:  Prototype tests.

Phase 7:  Prototype improvement proposal.
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Phase 1. Features definition of the used
equipment

In this phase, the characteristics of the
components are defined. First, as mentioned in
previous paragraphs, Table 1 shows the
characteristics of the processor used, which is
Raspberry Pi.

Likewise, table 2 lists Logitech C505
camera features, which is used to capture the
images and video. They are processed to first
identify people, then image processing is
performed based on techniques of artificial
vision. Finally, carry out a count when people
have been identified entering an enclosure, in
which it is required to keep a control to know
when it has reached the maximum number of
people allowed.

The hardware requires the software to be
able to operate together, for this, the necessary
programs, libraries and tools are installed to
achieve the coupling between the hardware and
the software, the list is presented in table 3, as
well as a brief description of the role that each of
them plays in the proposal.

Phase 2. Preliminary design of the prototype.

The proposed design is a simple design, in which
there is a Raspberry Pi card, a Logitech C505
camera, a display, which allow observing what
the camera captures, and, a VGA to HDMI
converter to be able to process the images in the
Raspberry. Figure 2 shows the block diagram of
the design, and figures 3 and 4 are images of the
real components.

Camera Raspberry Pi
Display VGA/HDMI
Converter

Figure 2 Block diagram of the proposed design
Source: Own elaboration
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Figure 3 Raspberry Pi and converter VGA/HDMI
Source: Own elaboration

Figure 4 Display and camera of prototype proposed
Source: Own elaboration

Phase 3: Identification of

environments

operating

In this phase of the investigation, we worked on
the identification of the possible scenarios in
which the prototype could be used, identifying
two possible scenarios:

1.  On the outside of the enclosures where
people counting is necessary to determine
the capacity in real time.
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2. Inthe interior part of the enclosures where
the people count must be carried out.

In the first case, making an analysis of
the proposed prototype, security aspects of the
devices should be considered, since, being
electronic parts, they can suffer deterioration
when found outdoors, so some casing would
have to be developed to its protection, in this
research project this option is not considered as
a scope of it. In the second case, the prototype
may be protected by being installed inside the
enclosure, but in a strategic way that allows
people to be counted without obstacles. An
important aspect to consider is that the camera
must remain fixed, since if it has any movement
or vibrations, its operation will not be adequate
and it causes failures when capturing images and
counting people.

Phase 4: Color and contour recognition tests
with the prototype

In this phase, color detection tests were carried
out in order to identify the image recognition
functions, as well as extract only the images of
interest through the background subtraction
function. With these tests the recognition of
people is finally achieved. As an example of
these tests, Figure 5 shows an image in which the
red object is detected. To achieve the detection
of the red object, it is necessary to import the
Numpy and CV2 libraries, the RGB (Red,
Green, Blue) image is also converted to HSV
(Hue, Saturation, Value), thus obtaining the
binary image shown in Fig. figure 6. With the
binary image of the object, it is converted back
to RGB and activating the background
subtraction, the result is the recognition of the
red object, which can be seen in figure 7.

Figure 5 Original image of the red object
Source: Own elaboration
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Figure 6 Binary image of the red object
Source: Own elaboration

Figure 7 Isolated image of red object
Source: Own elaboration

This process was repeated with blue and
yellow objects, changing the adjustment
parameters to be able to detect the binary image
and the color in question (blue or yellow).

For contour detection it is a similar
process, but in this case the original RGB image
is converted to grayscale, once this is done, edge
detection is applied with the cv2.canny function
which detects that the lines pass by an
established threshold, providing a maximum and
minimum value, with these values the contours
can be identified.

Figure 8 shows the original RGB image,
figure 9 shows the grayscale image, and figure
10 shows the detection of the contours from the
binary image.
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Figure 8 Original RGB image
Source: UTVCO, (2022)

Figure 9 Grayscale image
Source: Own elaboration

Figure 10 The image on the left is the binary and the one
on the right is with the detected edges
Source: Own elaboration

Phase 5: People recognition tests

For the recognition of people in real time, the
first thing that must be taken into account is that
the camera must be totally static, otherwise the
algorithm will have failures by not being able to
adjust the detection. Next, the cv2 and imutils
libraries (phyton tool for image processing such
as rotation, size, etc.) are imported, the
background subtractor mog tool (also known as
Foreground detection) is also used to subtract the
background of the video. It is important to note
that this tool is a computer vision algorithm that
attempts to distinguish foreground objects from
background objects.

To avoid performance problems, the
video is resized with imutils. Subsequently, the
binary image of the regions with white points is
obtained, since these white points imply that
there is movement.
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The cv2.findcontours function is used to
mark the person within a box, likewise, the
detection threshold is configured, this particular
step is of vital importance for the operation of
the prototype because if this value is not
correctly configured, there will be false positives
or some people are not counted. The value is
adjusted according to the needs of the
environment in which it is to be used, since it
mainly has to do with the distance from the
camera to the ground. Figure 11 illustrates the
detection of a person moving through the
counting area.

Figure 11 Detection of a person moving through the
counting area
Source: Own elaboration

For counting people, the coordinates of the
box generated with the binary image are taken
into account and a line is drawn in the middle of
the screen as a reference. When people pass
through that line, the counter is increased by one.

Phase 6: Prototype tests.

The prototype tests start with the detection of the
binary images, and then they are passed through
filters. In these tests, it is important to obtain the
correct detection of people, since the count
would not be reliable.

In the Python programming, the count is
made as soon as the people pass through the
auxiliary line drawn in the middle of the image,
and to show when a person is added, the
centerline becomes thicker, indicating with this,
that one person passed through the counting
area. Figure 12 shows when the prototype
detects a person and counts it as a person
entering the room or space to be controlled.
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Figure 12 Moment when the prototype detects a person
and counts her/him
Source: Own elaboration

The prototype only counts people because
the reading threshold is configured so as not to
detect smaller objects, that is to say that, for
example, if a dog were to move through the
detection threshold, it would not recognize it
because it is smaller than the established size.

Phase 7: Prototype improvement proposal.

The improvements proposed for the prototype
are based on the results obtained from the tests
applied to it, a possible improvement is the
expansion of the RAM memory of the Raspberry
to at least 4 Gb. The foregoing, in order to make
code execution more efficient, since the memory
used in the analyzed prototype was limited to 1
Gb of RAM, due to the fact that there was no
more budget to expand the memory.

Another important aspect is the
processing speed, which has to do directly with
the Raspberry model, this parameter can slow
down the execution process of the artificial
vision algorithm, causing some counting
failures, among which it is identified that for
some cases does not count people or double
counts for the same person.

On the other hand, in order to optimize
the code and consume fewer resources, a cascade
detector can be implemented, in this way the
heads or bodies of people would be specifically
identified, without having to consider the rest of
the objects in the input image. , and thus,
optimize the reading process.
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Finally, the prototype can be improved
by adding a second camera to be able to detect
when people leave the premises. Since, the
current prototype makes the count for the
entrance to an enclosure or closed space.
However, there would be a lack of a counterpart
to do the output counting, and with this the
prototype would be more complete and would
perform better for the purpose for which it was
intended.

Results

The results obtained were satisfactory, the
algorithm can successfully count the people who
enter a room and store the data. However, if there
were some limitations when programming the
code, because the Raspberry card with which the
project was developed, it is limited since it only
has 1 gigabyte of RAM, which complicates fluid
work in real time. Several versions of the code
had to be made, until a version was found in
which the execution was efficient and thus,
avoiding reading errors that led to obtaining
false positives or omitting to count people. In
this last scenario, by omitting the counting of a
considerable number of people, the capacity may
be exceeded and generate a potential risk of
contagion within the closed space in which the
entry control is being carried out.

The camera can be used vertically or
horizontally as if it were a security camera,
although as mentioned above it is essential that
the camera is static so as not to contribute to
counting errors. Although the camera has some
versatility to be positioned, the ideal position
would be vertically with a sufficiently wide
angle of vision to be able to observe people from
full length.

Figures 13 and 14 show the detection of
people with two different positions of the camera
used, figure 13 shows the detection of a person
when the camera is placed facing the entrance
area of the enclosure. Figure 14 shows the
detection of the person in front of the entrance
with a slight forward tilt.
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Figure 13 Detection of person with the camera placed in
front of the entrance area of the enclosure
Source: Own elaboration

Figure 14 Person detection with the camera placed in front
of the entrance area of the enclosure with a slight
inclination

Source: Own elaboration

Originally, it was proposed that the
prototype be installed at the entrance of
classrooms; however, the option is not viable,
since the entrance to the classrooms is a very
limited area to count people, the suggestion that
is issued is to install the prototype in an area with
a greater influx of people where support is
required to control capacity. It is worth noting
that the current prototype has hardware
limitations such as heat dissipation, it requires
being in an area where air circulates so that it
does not overheat and it is not recommended to
use it with a capacity greater than 100 people to
not compromise the integrity of the Raspberry Pi
card. This problem could be improved in the
future by using a cooling system in the prototype
that includes a fan and heat sink, which allows
maintaining the temperature of the components
in a range no greater than 65° so that they do not
suffer damage or alterations in its operation,
mainly the Raspberry Pi.

HERNANDEZ-VILLANUEVA, Mario Alejandro, MORALES-
HERNANDEZ, Maricela, CASTELLANOS-BALTAZAR,
Roberto Tamar and RAFAEL-PEREZ, Eva. Enclosure maximum
capacity control in pandemic time, using artificial vision. Journal
Computational Simulation. 2022



Article

26
Journal Computational Simulation

Acknowledgments

Thanks to the National Technological Institute
of Mexico that through the Technological
Institute of Oaxaca gave the facilities for the
realization of this research work. Likewise, the
Technological University of the Central Valleys
of Oaxaca is thanked for having facilitated the
collaboration of its student in this work.

Likewise, thanks to the student and
teachers who participated with the contribution
of ideas, operational work, research and
academic advice for this article, hoping that it
will be useful in their professional development.

Financing

This work has been funded partially by
TecNM/Instituto Tecnoldgico de Oaxaca.

Conclusions

Currently, because of the pandemic, it is
essential to protect yourself from contagion;
face-to-face activities cannot be suspended
indefinitely since it strongly affects the economy
of societies. However, the return to face-to-face
activities has had to be carried out under
protocols that have been established globally by
the World Health Organization and in each
country by their own governments. A relevant
point in this new world normality is to maintain
a healthy distance where the gathering of people
is necessary, mainly in closed rooms.

The objective of this project is to provide
a tool that helps to control the capacity of people
in those closed spaces that require housing
people, controlling the maximum capacity
allowed. Which is achieved by establishing a
count that is done automatically using a Machine
Learning technique, using artificial vision
techniques.

During the testing process of the
proposed device, several opportunities for
improvement were found, and within them, it is
considered to keep most of the components in
order not to raise the price of the prototype.
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In this first stage, the cost of the
prototype is $4,000.00 Mexican pesos, which is
a high cost for certain sectors. Therefore, in the
future, components that can reduce the
production cost by some percentage would be
analyzed. But, despite the limitations, during the
tests the prototype performed adequately for the
established purposes, concluding that it was
functional.

Once the prototype is more stable and
affordable, the application can be transferred to
different types of closed spaces such as offices,
restaurants, stadiums, among others.
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Abstract

In order to compete in the business world, it is necessary
to implement a strategy that involves different channels:
Web, social media, digital communities and, recently,
mobile phones. People currently in their daily work are
already implicitly using an intelligent cell phone, since
they already have their agendas, email accounts, bank
accounts and much more. There-fore, it is more than
convenient that your brand has a presence on these
devices. Technology such as FLUTTER, MYSQL, NODE
JS. and ANDROID, support the creation and
implementation of web applications. Using web ap-
plications saves money, optimizes time, thus not having to
deal with learning to handle new programs, and you can
carry out activities from anywhere, Zitacuaro, Michoacan
is no excep-tion in being immersed in the use of
technologies, as in the large cities, is not exclusive, giving
all businesses the opportunity to enhance their daily
activities, such as the sale of food through a web
application.

Web application, Empower, Technology

Resumen

Para poder competir en el mundo empresarial, es necesario
implementar una estrategia que involucre diferentes
canales: Web, social media, comunidades digitales y en el
altimo tiempo, mdviles. Las personas actualmente en su
quehacer diario estan ya forma implicita el uso de celular
inteligente, como agendas, cuentas de correo, cuentas de
banco y mucho més. Por ello, es mas que conveniente que
tu marca tenga presencia en estos dispositivos. La
tecnologia como FLUTTER, MYSQL, NODE JSy
ANDROID, dan wuna soporte a la creacién e
implementacion de aplicaciones web. Usar aplicaciones
web ahorra dinero, optimiza tiempo, asi no tener que
ocuparse de aprender a manejar nuevos programas, Yy se
puede desde cualquier sitio realizar actividades, Zitacuaro,
Michoacan no es la excepcidn en estar una inmersién del
uso de tecnologias, como en las grandes ciudades, no es
exclusivo, dando la oportunidad a todos los negocios de
potencializar sus actividades diarias, como lo es la venta
de alimentos a través de una aplicacion web.

Aplicacion web, Potencializar, Tecnologia
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Introduction

This document shows some techniques and
results on the development of a web application
to place orders for various food businesses in the
Zitacuaro region, as well as a general description
of the tools used for its development. Two
sections were developed within the application
where the part of a normal user is contemplated,
who is the person who orders the food and the
section of a vendor where he can register,
modify, edit or delete the products that the client
will see. This application is developed with the
purpose of facilitating daily food purchases, as
well as the development or technological update
in mobile devices of businesses in the eastern
region of Michoacan. In Zitacuaro, according to
the 2020 DataMéxico population census, the
population in Zitacuaro was 157,056 inhabitants
(48% men and 52% women), one of the reasons
for the growth in food sales is locally or by
request, coupled with COVID-19 technological
alternatives gave rise to its emerging application.
Talk about web systems, understanding that they
are those software applications that can be used
by accessing a web server through the internet,
or an intranet through a browser. Among the
tools used in development are:
FLUTTERMYSQL, NODE JS. Application is
created for use on the ANDROID platform and
limited to the eastern zone of Michoacéan.

According to a pilot survey on a scale of
Likert applied to fast food businesses (20),
considering the most representative in sales and
services, 35% was obtained, coinciding with the
following:

Prioritized problems to solve

Growth and updating of the forms of
purchase of food businesses in the region.

Practicality and facility to place orders in a
more comfortable way for people.

Safety of people in terms of health in these
times of COVID and personal safety since
currently one is in great danger by being
away from home.

Hypothesis

A web application gives food businesses the
opportunity to facilitate their sales in the area of
Zitacuaro
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General objective

Develop a mobile application in which orders
can be placed to different food businesses in
Zitacuaro from the same and this notifies the
owners of the restaurants or businesses of the
orders.

Specific goal

- Design an optimized application that loads
and respond quickly.

Place orders through the application.

Provide practicality to owners of food
businesses such as restaurants or places
where home deliveries are made, also
providing users who order food with the
ease of having at their fingertips different
all businesses in the Zitdcuaro area in a
single application.

Notify business owners when users place
an order and they ship it to the user.
security goals.

Some points to be discussed are shown
below: Personal security since users do not
need to leave their homes. Provide secure
protection of user data and prevent your
information from being misused.

Justification

The purpose of carrying out the project is that
through the mobile application, users can be
making orders to various places or food
businesses since in the Zitacuaro area there is no
mobile application or method that allows us to
access different types of food quickly and
efficiently and in a single application, so the
creation of this application is considered
feasible.

Said application would make it easier for
users to make their purchases in a very practical
and efficient way, on the other hand, it will
allow sellers to have new sales methods in
which can update their businesses since today
technology is at the hand of all people. It is
important that small, medium and large
businesses generate actions to achieve their
competitiveness, and that better be using
technology that is embedded in our daily lives.

QUINONES-GARCIA, Pedro Eduardo, GONZALEZ-
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Theoretical foundation

Mobile application. A mobile application is a
program that you can download and access
directly from your phone or other mobile device.
Android Apple, Microsoft, Android, and
BlackBerry all have app stores that operate
online where apps are downloaded and installed.

Firebase. It is a platform for the
development of web applications and mobile
applications launched in 2011 and acquired by
Google in 2014.1. It is a platform located in the
cloud, integrated with Google Cloud Platform,
which uses a set of tools for the creation and
synchronization of projects that will be endowed
with high quality, making it possible to grow the
number of users and also resulting
in obtaining of increased monetization.

It is a container-based cloud platform as
a service (PAAS).

Developers use Heroku to deploy,
manage and scale modern applications, it is an
elegant, flexible and reliable platform. Easy to
use, it offers developers the simplest path to
bring their applications to market.

React Native. It is an open source
framework developed by Facebook and released
in 2015.1t is written in different languages
including JavaScript, Objective-C,  Swift
programming, and Python. React's native cross-
platform framework supports Android, iOS, and
Windows apps with the ability to provide native-
like performance.

lonic. It is a software development kit of
open source used by developers around the
world to develop various mobile applications.

Conceived as an asynchronous event-
driven Java Script runtime environment, Node. js
is designed to build scalable network
applications.

Flutter. It is an open-source framework
developed by Google to create native
applications easily, quickly and simply.It is used
to develop applications for Android and iOS
platforms. Flutter offers mobile app developers
a full range of widgets, APIs, and many other
tools, it was first built to support AngularJS, but
over time it supports all front-end frameworks.
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Data and information.It’s not always
easy to know what data will be accessible
through an app, or how the data will be used.
Before you download an app, consider what you
know about who developed it and the app's
usefulness. App stores can include information
about the company that developed the app, as
long as the creator provides it to them. If the app
creator doesn't provide your contact information
— such as a website or email address — the app
may be less trustworthy.

Methodology

An infallible tool, as a model in the development
of software products is the Sequential Model of
software engineering:

Analysis.
Design.
Developing.
Implementation.
Analysis

In the requirements gathering process, the focus
is on the software. Within the analysis process,
it is essential that through a collection of
functional and non-functional requirements, the
software developer fully understands the nature
of the program that must be built to develop the
application, the required function, the behavior,
performance and interconnect .Identification of
priority modules of the pro cease

Customers.

Sale and registration.
Tracking vs delivery.
Design

Software design is really a process of many steps
but it is classified within itself. Design activity
refers to setting up the data structures general
software architecture, interface representation
and algorithms. It is the design process where
requirements are translated into a software
representation [9].
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Defining the application modules:

- Customer module: orders and order
confirmation, add dishes, edit dishes, show
dishes, category, add and edit business
fields.

- User module: orders, purchases, user
settings.

Developing

This activity consists of translating the design of
a machine-readable form. In the software
application for this project, code generation
refers to both the part of generating virtual
environments, and the part in which behaviors
are added to these environments. In short, this
activity involves generating code

Implementation

There will undoubtedly be changes in the
software, as well as some modifications to its
functionality. It is generated that the software
can adapt to changes in the external
environment, once the code is generated,
software or application tests are carried out.

An application release is built to be able
to be fully tested (Not yet uploaded to the Google
Play Store) but in an official way in its first beta
version, which will be tested on different devices
(Android) for later in a stable and 100%
complete version to launch and put it into full
operation.

The developed APl was mounted on the
server heroku which allows us to access the
routes and make HTTP requests anywhere we
are, this is a free hosting. The database was
mounted in the cloud in the service of alway data
which is also a free service that through the
characteristics it offers us will allow us to carry
out functionality tests giving real use to the
application

Results

In the data obtained through the survey of people
and owners of food businesses, it was obtained
that 90% of approval was obtained both as users
and customers, since it is provided quickly to
customers since it is provided provide a quick
way that they can contact you in a simple way.
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Figure 1 Login Screen
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Figure 2 Link that sends us to the login screen

cridu (Pendientes)
13 de July del 2021 09:20:16 PM

josue Solis Valdez (Pendientes)
13 de July del 2021 12:18:00 AM

josue Solis Valdez (Pendientes)
14 de July del 2021 12:32:16 AM

cridu (Pendientes)
17 de July del 2021 06:06:50 PM

josue Solis Valdez (Pendientes)
18 de July del 2021 09:04:37 PM

cridu (Pendientes)
19 de July del 2021 12:12:50 AM

Figure 3 Link that sends us to the login screen
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Below these was placed a list of elements
which contains 4 sections in each element in this
case is the username date Location and a point
with the color of the process in which it is
located. The colors were selected in this way
since they make a very good reference to the
period in which they find each other

<« 7151573204 ® ¢

JOSUE SOLIS VALDEZ

@ DI sy P00

Total $190.00

Comenzar a preparar e informar

Figure 4 Current order process

In this section we can see 2 markers, one
of them is the position in which we cannot find
and the other the destination to which we must
arrive, we can see that in the lower left part they
show us 2 buttons which have the function of
making a zoom or return us to the position where
we are and the other zooms and positions the
camera at the destination point.

& 7151036305 @ 9 .

& :Donde estoy? N

@ (A donde voy? -
Go

Figure 5 Location on map
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In this section we have at the top the
default image that the product will have, in this
case we have 2 options:
1.-Place a gallery image.

2.-Place a camera image.

Any option the user wants will be
accepted.

Next, we have a form with the data
required for the creation of the dish, the fields are
the following:

- Product name.

- Description of the product (ingredients,
types of preparation, etc.).

- Product category (with option to enter a
new category).

- Type of sale or unit of measure this
contemplates many possibilities in this
case leaves the field free to the user since
it could be in kilos, grams, pieces, among
others.

- Product price.

- At the end we have the save button to
complete the action.

As seen in figure 6.

Nombre del producto

Descripcion del producto

Agrege una categoria ~
Unidad de medidad del producto

Precio del producto

Figure 6 Add product or dish
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List where all the existing dishes are
shown or in case of selecting a category it shows
the elements of said category, each element has
general data of the dish which are:

- Plate image.
- Plate price.
- Name of the dish.

Type of sale of the dish.

& Lista De productos

W
PESSC
tacos pizzas g platilios

uesadillas  sopas

i
=

$40.0

aaaaaa | pastor

Todas

Figure 7 List of all existing dishes

In the same way, a list is obtained where
we can appreciate, moving the finger from the
cart list (marked in red in the previous image)
upwards, which will show the list of cart
elements with the following data:

Quantity of products on the plate.
Name of the dish.
Total cost of quantity

Next to the list of elements, we mark the
total to pay for the order, as seen in figure 8.
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= - !
Pizza hawsiana

$280.00

Figure 8 Cart list

To finalize the order, you must press the
confirm  shipment button, which will redirect
us to the order screen showing the current order
at the top.

In the section to select address we have
2, the first (with the GPS or location icon) button
located in the lower left part is in charge of
selecting a marker on the map in the exact place
where the user is providing thus the search for
the current location.

Mensaje de pedido exitoso o en
caso de algn error el mensaje nos
mostrara el resultado

Botén para localizar I bicacién

Figure 9 Customer Location

The application is in testing, before
uploading to google play during 2022.
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The validity and reliability of the survey
in the satisfaction of the application of part of the
administrative management, was carried out
with Cronbach's alpha obtaining 0.86, then it can
be determined that the instrument used has an
acceptable degree of reliability.

Conclusions

Obtaining a real-time application and likewise a
strengthened structure, using current technology,
but also with new business approaches, it can be
said that the hypothesis is fulfilled with a good
level of significance, supported by Cronbach's
alpha model. Technology in the last two years
has been an emergency tool to a support tool,
web applications are that tool that no
organization should stop using.
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