ISSN 2444-5002

Volume 7, Issue 19 — January — June — 2021




ECORFAN-Spain

Chief Editor
MIRANDA - TORRADO, Fernando. PhD

Executive Director
RAMOS-ESCAMILLA, Maria. PhD

Editorial Director
PERALTA-CASTRO, Enrique. MsC

Web Designer
ESCAMILLA-BOUCHAN, Imelda. PhD

Web Diagrammer
LUNA-SOTO, Vladimir. PhD

Editorial Assistant
SORIANO-VELASCO, JesUus. BsC

T(anslator
DIAZ-OCAMPO, Javier. BsC

Philologist
RAMOS-ARANCIBIA, Alejandra. BsC

Journal of Computational Systems and
ICTs, Volume 7, Issue 19, January - June
2021, is a Journal edited by ECORFAN -
Spain. Matacerquillas Street 38, CP:
28411. Moralzarzal - Madrid. WEB:
http://www.ecorfan.org/spain/rj_sistema
s_ctics.php, revista@ecorfan.org. Editor
in  Chief. MIRANDA-TORRADO,
Fernando. PhD. [ISSN: 2444-5002.
Responsible for the last update of this
issue  ECORFAN Computer  Unit.
ESCAMILLA-BOUCHAN, Imelda.
PhD, LUNA-SOTO, Vladimir. PhD,
updated to June 30, 2021.

The opinions expressed by the authors do
not necessarily reflect the opinions of the
editor of the publication.

It is strictly forbidden the total or partial
reproduction of the contents and images
of the publication without permission
from the Spanish Center for Science and
Technology.



Journal of Computational Systems and ICTs
Definition of Journal
Scientific Objectives

Support the international scientific community in its written production Science, Technology and
Innovation in the Field of Engineering and Technology, in Subdisciplines of software analysis, assistance
control, data acquisition, information systems, design and components, mobile devices, network systems,
free software, virtual environments, multiprocessor systems, algorithm analysis, web application,
network infrastructure and telecommunication.

ECORFAN-Mexico SC is a Scientific and Technological Company in contribution to the Human
Resource training focused on the continuity in the critical analysis of International Research and is
attached to CONACYT-RENIECYT number 1702902, its commitment is to disseminate research and
contributions of the International Scientific Community, academic institutions, agencies and entities of
the public and private sectors and contribute to the linking of researchers who carry out scientific
activities, technological developments and training of specialized human resources with governments,
companies and social organizations.

Encourage the interlocution of the International Scientific Community with other Study Centers in
Mexico and abroad and promote a wide incorporation of academics, specialists and researchers to the
publication in Science Structures of Autonomous Universities - State Public Universities - Federal IES -
Polytechnic Universities - Technological Universities - Federal Technological Institutes - Normal
Schools - Decentralized Technological Institutes - Intercultural Universities - S & T Councils -
CONACYT Research Centers.

Scope, Coverage and Audience

Journal of Computational Systems and ICTs is a Journal edited by ECORFAN-Mexico S.C in its Holding
with repository in Spain, is a scientific publication arbitrated and indexed with semester periods. It
supports a wide range of contents that are evaluated by academic peers by the Double-Blind method,
around subjects related to the theory and practice of software analysis, assistance control, data
acquisition, information systems, design and components, mobile devices, network systems, free
software, virtual environments, multiprocessor systems, algorithm analysis, web application, network
infrastructure and telecommunication with diverse approaches and perspectives, That contribute to the
diffusion of the development of Science Technology and Innovation that allow the arguments related to
the decision making and influence in the formulation of international policies in the Field of Engineering
and Technology. The editorial horizon of ECORFAN-Mexico® extends beyond the academy and
integrates other segments of research and analysis outside the scope, as long as they meet the
requirements of rigorous argumentative and scientific, as well as addressing issues of general and current
interest of the International Scientific Society.



Editorial Board

HERNANDEZ - PRIETO, Maria de Lourdes. PhD
Universidad Gestalt

TIRADO - RAMOS, Alfredo. PhD
University of Amsterdam

VALERDI, Ricardo. PhD
Universidad de Arizona

LOPEZ - BONILLA, Oscar Roberto. PhD
State University of New York at Stony Brook

CASTILLO - LOPEZ, Oscar. PhD
Academia de Ciencias de Polonia

ROBLEDO - VEGA, Isidro. PhD
University of South Florida

CENDEJAS - VALDEZ, José Luis. PhD
Universidad Politécnica de Madrid

RODRIGUEZ - ROBLEDO, Gricelda. PhD
Universidad Santander

MARTINEZ - ALVARADO, Luis. PhD
Universidad Politécnica de Catalufia

MAYORGA - ORTIZ, Pedro. PhD
Institut National Polytechnique de Grenoble



Arbitration Committee

GONZALEZ - SILVA, Marco Antonio. PhD
Universidad Nacional Auténoma de México

TZILI - CRUZ, Maria Patricia. PhD
Universidad Politécnica del VValle de México

ORTEGA - CORRAL, César. PhD
Universidad Auténoma de Baja California

SANCHEZ - HERRERA, Mauricio Alonso. PhD
Instituto Tecnoldgico de Tijuana

PALAFOX - MAESTRE, Luis Enrique. PhD
Centro de Investigacion Cientifica y de Educacion Superior de Ensenada

ORANTES - JIMENEZ, Sandra Dinorah. PhD
Centro de Investigacion en Computacién

TORRES, Sandra. PhD
Universidad Tecnologica Fidel Velazquez

VALDEZ - ACOSTA, Fevrier Adolfo. PhD
Universidad Auténoma de Baja California

RODRIGUEZ - AGUILAR, Rosa Maria. PhD
Universidad Autdnoma Metropolitana

RODRIGUEZ - CARVAJAL, Ricardo. PhD
Universidad de Guanajuato

SOLORZANO - SALGADO, Paulina. PhD
Universidad Autonoma de Querétaro



Assignment of Rights

The sending of an Article to Journal of Computational Systems and ICTs emanates the commitment of
the author not to submit it simultaneously to the consideration of other series publications for it must
complement the Originality Format for its Article.

The authors sign the Authorization Format for their Article to be disseminated by means that ECORFAN-
Mexico, S.C. In its Holding Spain considers pertinent for disclosure and diffusion of its Article its Rights
of Work.

Declaration of Authorship

Indicate the Name of Author and Coauthors at most in the participation of the Article and indicate in
extensive the Institutional Affiliation indicating the Department.

Identify the Name of Author and Coauthors at most with the CVU Scholarship Number-PNPC or SNI-
CONACYT- Indicating the Researcher Level and their Google Scholar Profile to verify their Citation
Level and H index.

Identify the Name of Author and Coauthors at most in the Science and Technology Profiles widely
accepted by the International Scientific Community ORC ID - Researcher ID Thomson - arXiv Author
ID - PubMed Author ID - Open ID respectively.

Indicate the contact for correspondence to the Author (Mail and Telephone) and indicate the Researcher
who contributes as the first Author of the Article.

Plagiarism Detection

All Articles will be tested by plagiarism software PLAGSCAN if a plagiarism level is detected Positive
will not be sent to arbitration and will be rescinded of the reception of the Article notifying the Authors
responsible, claiming that academic plagiarism is criminalized in the Penal Code.

Arbitration Process

All Articles will be evaluated by academic peers by the Double Blind method, the Arbitration Approval
is a requirement for the Editorial Board to make a final decision that will be final in all cases. MARVID®
is a derivative brand of ECORFAN® specialized in providing the expert evaluators all of them with
Doctorate degree and distinction of International Researchers in the respective Councils of Science and
Technology the counterpart of CONACYT for the chapters of America-Europe-Asia- Africa and
Oceania. The identification of the authorship should only appear on a first removable page, in order to
ensure that the Arbitration process is anonymous and covers the following stages: Identification of the
Journal with its author occupation rate - Identification of Authors and Coauthors - Detection of plagiarism
PLAGSCAN - Review of Formats of Authorization and Originality-Allocation to the Editorial Board-
Allocation of the pair of Expert Arbitrators-Notification of Arbitration -Declaration of observations to
the Author-Verification of Article Modified for Editing-Publication.

Instructions for Scientific, Technological and Innovation Publication
Knowledge Area

The works must be unpublished and refer to topics of software analysis, assistance control, data
acquisition, information systems, design and components, mobile devices, network systems, free
software, virtual environments, multiprocessor systems, algorithm analysis, web application, network
infrastructure and telecommunication and other topics related to Engineering and Technology.


http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Authorization%20Form-Formato%20de%20Autorizacion_2.pdf
http://www.marvid.org/

Presentation of the Content

In the first article we present, Greenhouse temperature control based on Fuzzy Logic, by
ESQUIVEL-SALAS, Abraham, CASTANEDA-DELGADO, Jaime, SALAS-GUZMAN, Manuel
Ignacio and ARREDONDO-SALCEDO, Daniel, with adscription in the Instituto Tecnoldgico Superior
Zacatecas Norte, as the next article we present, Prototype of a web and mobile application for inventory
management of a parts store using QR code, by MORALES-HERNANDEZ, Maricela, MORALES-
JIMENEZ, ltzel, OSORIO-HERNANDEZ, Luis Eduardo and DIAZ-SARMIENTO, Bibiana, with
adscription in the Instituto Tencoldgico de Oaxaca, as the next article we present, Web Application for
the Management of Projects of the Division of Postgraduate Studies and Research of the Technological
Institute of Oaxaca, by RAFAEL-PEREZ, Eva, CHAVEZ-CRUZ, Dagoberto, LUJAN-LUGOS, Héctor
Angel and SANCHEZ- MEDINA, Marco Antonio, with adscription in the Instituto Tecnoldgico de
Oaxaca, as the next article we present, Use of the Learning Management System (LMS) at the Instituto
Tecnoldgico de Oaxaca, by DIAZ-SARMIENTO, Bibiana, SANCHEZ-JIMENEZ, Daniel Antonio,
MORALES-HERNANDEZ, Maricela and RAFAEL-PEREZ, Eva, with adscription in the Instituto
Tecnologico de Oaxaca.



Content

Article

Greenhouse temperature control based on Fuzzy Logic

ESQUIVEL-SALAS, Abraham, CASTANEDA-DELGADO, Jaime, SALAS-GUZMAN,
Manuel Ignacio and ARREDONDO-SALCEDO, Daniel

Instituto Tecnologico Superior Zacatecas Norte

Prototype of a web and mobile application for inventory management of a parts store
using QR code

MORALES-HERNANDEZ, Maricela, MORALES-JIMENEZ, Itzel, OSORIO-
HERNANDEZ, Luis Eduardo and DIAZ-SARMIENTO, Bibiana

Instituto Tencoldgico de Oaxaca

Web Application for the Management of Projects of the Division of Postgraduate
Studies and Research of the Technological Institute of Oaxaca

RAFAEL-PEREZ, Eva, CHAVEZ-CRUZ, Dagoberto, LUJAN-LUGOS, Héctor Angel and
SANCHEZ- MEDINA, Marco Antonio

Instituto Tecnoldgico de Oaxaca

Use of the Learning Management System (LMS) at the Instituto Tecnologico de
Oaxaca

DIAZ-SARMIENTO, Bibiana, SANCHEZ-JIMENEZ, Daniel Antonio, MORALES-
HERNANDEZ, Maricela and RAFAEL-PEREZ, Eva

Instituto Tecnoldgico de Oaxaca

Page

9-20

21-29

30-35



Article

1

Journal of Computational Systems and ICTs

June, 2021 Vol.7 No.19 1-8

Greenhouse temperature control based on Fuzzy Logic

Control de Temperatura para un Invernadero basado en Logica Difusa

ESQUIVEL-SALAS, Abrahamt*, CASTANEDA-DELGADO, Jaime, SALAS-GUZMAN, Manuel

Ignacio and ARREDONDO-SALCEDO, Daniel

Instituto Tecnolégico Superior Zacatecas Norte, Departamento delnformatica y Sistemas Computacionales

ID 1% Author: Abraham, Esquivel-Salas / ORC ID - 0000-0001-8258-8837, CVU CONACYT ID: 252850

ID 1% Co-author: Jaime, Castarieda-Delgado / ORC ID: 0000-0001-9786-4128, CVU CONACYT ID: 252889

ID 2" Co-author: Manuel Ignacio, Salas-Guzman | ORC 1D: 0000-0002-7039-2703, CVU CONACYT ID: 316159

ID 3 Co-author: Daniel, Arredondo-Salcedo / ORC 1D: 0000-0003-3236-4880, CVU CONACYT ID: 316030

DOI: 10.35429/)CS1.2021.19.7.1.8

Received June 30, 2021; Accepted October 30, 2021

Abstract

There is a close relationship between crop growth
and the control of environmental variables, as well as
irrigation and fertilizers supplied. This article
presents a system for collecting a greenhouse
temperature, capable of acting in the opening or
closing window system as a regulator of this
environmental variable. Controlling the temperature
acting on the opening or closing of the windows is
convenient, since it does not require additional fuel,
resulting in an economical alternative. Regarding
control algorithm, Fuzzy Logic was used as a
correction temperature technique. The proposal can
be a good option for greenhouses that are not
automated yet, saving costs by moving from human-
assisted monitoring to automatic temperature
monitoring.

Diffuse control, Temperature control, Protected
agriculture

Resumen

El crecimiento de los cultivos en sistemas de
agricultura protegida esta en funcion del control de
las variables ambientales, asi como por el riego y
fertilizantes suministrados. En este articulo se
presenta como propuesta un sistema para la
recoleccion de temperatura de un invernadero, capaz
de actuar en la apertura o cierre de las persianas como
regulador de esa variable ambiental. Controlar la
temperatura controlando la apertura o cierre de las
ventanas resulta conveniente dado que no requiere
combustibles, resultando en una alternativa
econdmica. Respecto al control, se utiliz6 la Ldgica
Difusa como tecnica para la correccion de la
temperatura. La propuesta puede resultar de interes
para una gran cantidad de invernaderos que adn no
estan automatizados, ahorrando costos al pasar de
una supervision asistida por humanos a una
supervision de la temperatura automatica.

Control difuso, Control de temperatura,
Agricultura protegida
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Introduction

The greenhouse crop growth depends on two
aspects to be controlled, the environmental
variables, as well as the amount of water and
fertilizers supplied by irrigation. It is difficult to
estimate production losses due to climate
variability. There is a direct relationship between
environmental variables control and the
production, harvest, storage, transportation,
even indirectly through diseases, pests, damage
to infrastructure (Gommes, 1998).

A greenhouse is one of the best
alternatives to controlling environmental
variables. Proper climate control and fertigation
in a closed environment results in optimal crop
growth. However, the control of environmental
variables and fertigation is also associated with
increased costs related to energy, water and
fertilizers (Rodriguez, Berenguel, Arahal, 2013).

From an economic perspective, the
greenhouse aims to maximize production while
minimizing its costs (Tap, Van Willigenburg,
Van Straten, 1996; Rodriguez et al., 2003). The
greenhouse environmental control can be carried
out through ventilation and heating, modifying
the temperature and humidity conditions,
shading and artificial light to changing internal
radiation, CO. injection to photosynthesis
influence and fogging to increase humidity.

Automated greenhouses generally focus
their efforts on the control of natural ventilation,
heating, and shading screens (Berenguel, Yebra,
Rodriguez, 2003). Building greenhouses with
technology to control environmental variables
requires an investment that only few can do.

In the north of Zacatecas, it is possible to
find non-automated greenhouses, that is, the care
of the crop (temperature, irrigation) depends
directly on the producer. In this research work
we propose the development of a temperature
control mechanism, which triggers the opening
or closing of the blinds as a means of correcting,
as far as possible, the temperature. The
greenhouse temperature control system was
developed using a fuzzy control based on the
Mamdani architecture. In the next section, you
will find a review of related research works,
later, you will find a description of sensing
temperature prototypes, as well as a control
process description. Finally, conclusions and
future work.

ISSN-2444-5002
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State of art

Due to the complexity represented by the
development of a control system for
environmental variables, based on heuristic rules
obtained from producers experience, it is
possible obtain from several studies, different
techniques, advantages and disadvantages, in
order to reach a solution (Galvan et al. 2012). In
its classification, divides control systems into
two main fields: conventional and optimal
control. Conventional control consisting of
theories that attempt to control the environment
of a greenhouse, reducing the set points
deviation between the interest variables and the
measured values to zero.

On / Off, Proportional Integral
Derivative Controller (PID) and some Attificial
Intelligence paradigms such as Artificial Neural
Networks (ANN), Fuzzy Logic-based Systems
(FLS), Genetic Agorithms ( GA), among others,
can be conventional control examples.

On the other hand, in Optimal Control,
aspects such as greenhouse behavior, actuator
capacities, energy consumption and mainly the
crop response are considered as input parameters
of the control process. Expert systems and the
Predictive Control Model (MPC) are some of the
most common techniques. However, Artificial
Intelligence based techniques can also be
considered as an optimal control when
considering the crop response as input
parameter.

Systems based on Fuzzy Logic control
have achieved important results in greenhouses
temperature control field. For this, it is necessary
to have reliable information about system
behavior, as well as a correct abstraction to
create rules based on heuristic and empirical
knowledge from the producer's experience. In
addition, fuzzy control can be robust and cheap
(Passino, Yurkovich, Reinfrank,
1998).Castarieda, Ventura, Peniche y Herrera
(2006), propose an interesting Fuzzy Logic
application to controlling climiatic variables,
using an FPGA to execute low-level tasks, such
as the monitoring of climatic variables and the
operation of actuators, like heaters and windows
to control the internal greenhouse temperature.
His project uses a data acquisition module, one
analog/digital conversion module, and a third
fuzzy logic FPGA module.

ESQUIVEL-SALAS, Abraham, CASTANEDA-DELGADO, Jaime,
SALAS-GUZMAN, Manuel Ignacio and ARREDONDO-SALCEDO,
Daniel. Greenhouse temperature control based on Fuzzy Logic. Journal
of Computational Systems and ICTs. 2021
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Gomez et al. (2011) presents fuzzy
control proposal over FPGA for greenhouse
fertigation control. This project presents the
modularization of its system, emphasizing the
potential to save significant amounts of water
and nutrients compared to conventional systems,
as a product of diffuse control. Additionally,
they emphasize some characteristics of fuzzy
control, mainly its adaptability, simplicity, and
ease of implementation, making it an excellent
tool for its application in the optimization of
fertigation systems.

Finally, more studies can be found in the
literature that present advantages of Fuzzy
Control over traditional control systems in
greenhouse automation (Odik y Allahverdi,
2012).

Sensorization

The design and conditioning of a prototype was
made for the automation of a greenhouse with
the Intel Galileo and Arduino microcontroller.
The first prototype is the automatic control of
opening and closing of greenhouse windows that
is carried out through a 24V, 500W, 1800RP
motor that was implemented with the PWM
(SHT-146), which is a reversible control and of
speeding for 6V-30V, 6A motors (see figure 1).

Figure 1 Motor, automatic control prototype, and
capacitive proximity sensors.
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The second prototype consists in the
conditioning and install of two capacitive
proximity sensors (E2K-C25MF1) strategically
located for detect the closing and total opening
greenhouse windows. These prototypes keep a
Wireless communication trough Xbee with a
relative humidity and temperature probe
(HMP60-Vaisala) located in the center of the
greenhouse, for monitoring and optimize the
relative humidity of the environment. The
sensorization for the shutter opening and closing
control, as well as the humidity and relative
temperature control of the greenhouse, is
energized with a solar charge control (EPRC-
12/24v  10Amp) for efficient energy
consumption. It was developed a sensorization
module that consist in two parts:

Transmitter

A first transmitter module, that consist in an
Arduino Uno microcontroller, initially equipped
of a temperature sensor Keyes DS18B20,
responsible for acquiring the temperature,
recording any variation in the greenhouse (see
figure 2). Also, a Xbee microcontroller was
installed, which provided the module with
Wireless communication, in such a way that
when temperature changes are registered, they
are sent to a second receiver module.

The wireless communication provided
by the XBee was a restriction given the distance
from the center of the greenhouse to the corners,
which is where the manual mechanisms for
opening-closing the windows are located. The
energy supply of this transmitter module is in
charge of a solar cell.

Vaisala HMP60 probe calibration. The
probe sends voltage as a product of the
temperature and humidity reading. The
algorithm was developed to convert the values
expressed in voltage by the probe to temperature.
The readings obtained from the Keyes DS18B20
sensor, Vaisala probe and an analog
thermometer were verified, with a difference of
less than half a degree centigrade between the
three readings. Once the input was verified, the
Keyes DS18B20 sensor used for prototyping
was replaced by the Vaisala probe, for industrial
use (see Figure 3).

ESQUIVEL-SALAS, Abraham, CASTANEDA-DELGADO, Jaime,
SALAS-GUZMAN, Manuel Ignacio and ARREDONDO-SALCEDO,
Daniel. Greenhouse temperature control based on Fuzzy Logic. Journal
of Computational Systems and ICTs. 2021
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Figure 2 Transmitter. Notice an Arduino Uno
microcontroller, powered by power from a solar cell. See
the cable that goes up, corresponding to the Vaisala probe,
which does the temperature measurement

Figure 3 Vaisala probe calibration with respect to the
thermometer they have in the greenhouse.

Receiver

The receiver is integrated by a Galileo
Generation 2 microcontroller with Yocto
operating system, the temperature readings
arrive remotely through an Xbee microcontroller
(see figure 4).

ISSN-2444-5002
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Limits  configuring. The Galileo
microcontroller has a web server and some
scripts developed in Python, which allow you to
configure the temperature limits from a web
application. Lower limit defines the minimum
allowable temperature in which the plant can be
without stress.

Upper limit defines the maximum
temperature

Ideal, defines the optimum temperature
for the type of crop.

The objective of the limits is to control
the opening and closing of the windows,
according to the temperature readings that
arrive. An austere diffuse temperature controller
will be in charge of making the temperature as
close as possible to the ideal temperature.
Basically, as you get closer to the maximum and
minimum limits, the temperature correction will
be more frequent.

The windows have sensors that allow to
know if the window is completely open or
completely closed, in which case, the motor no
longer operates the window only in that sense.

Figure 4 Galileo receiver. The ethernet interface sends the
measurements to a remote server

ESQUIVEL-SALAS, Abraham, CASTANEDA-DELGADO, Jaime,
SALAS-GUZMAN, Manuel Ignacio and ARREDONDO-SALCEDO,
Daniel. Greenhouse temperature control based on Fuzzy Logic. Journal
of Computational Systems and ICTs. 2021
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Control design

The blinds' control is a control system based on
fuzzy logic and is conformed by a closed loop
controller of the Proportional-Derivative type,
with two inputs and one output. The physical
inputs of the system are the ideal temperature
and the current temperature, concerning of the
inference machine, the inputs are the error and
the derivative of the error. As a result, the
inference machine generates the opening
percentage that the blinds will have. The fuzzy
inference machine is made up of three essential
parts: Diffusion, Reasoning or IF-THEN Fuzzy
Rules and defuzzification.

Input variable

/ Diffusion \

Diffuse input

—
A 4

ReasoninglF-THEN

Diffuse output

defuzzification

\_ J

4

Output variable

Figure 5 Fuzzy inference machine

Diffusion is a process in which physical
variables are converted into fuzzy inputs, the
value of the variables is evaluated, and they are
assigned a degree of membership in the fuzzy
sets defined by the designer. To carry out this
process, the membership functions of fuzzy sets
are used.

The reasoning within a fuzzy inference
machine is responsible for evaluating the rules
proposed by the designer. The rules relate the
fuzzy inputs and generate the fuzzy output;
These rules are called "Fuzzy Rules"” later this
fuzzy output is converted into a real output
through the de-diffusion process, with the real
output the system will perform the desired
action.
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Mamdani's inference machine

For this project the Mamdani inference was used
(Lee, 1990; Tamir, Rishe, Kandel, 2015).

Mamdani's fuzzy rules:
IF (X1is A AND Xz is B) THEN (U1 is C)

Where X1y X2 are the input variables, A
y B are the membership functions input, U1 is the
fuzzy output and C is the output membership
function. The first part of the statement “IF (X1
is A AND Xz is B)” is known as antecedent and
THEN (U is C) is the consequent.

As advantages it can be determined that
it is intuitive, widely accepted, adapted to the
incorporation of knowledge and experience.
Defuzzification is the conversion of the diffuse
output of the inference machine to an output
variable, that is, the result obtained from the
rules within the inference machine will be
translated into a real physical signal for our
control system.

For defuzzification there are several
methods, it is important to choose the right one.

a) Centroid method

The Center of Gravity or Center of Area method
is the most used of the defuzzification methods
and its expression is as follows:

v _ JuGruide
T [ u(ui)de

Where | is the algebraic integral; i is
the typical value of each function and p(wi) is
the membership value in this function. For this
method, it is necessary to use a microcontroller
that performs the most accurate and efficient
calculations since the formula contains integrals,
so the processing time would increase. So it is
more expensive.

b) Center of Maximum Method (COM)

In this method, the fuzzy set of the output
variable and its membership values are
considered, such that the sum of the membership
values is equal to one, > u(ui) = 1, where ui are
the typical values of each membership function
that are part of the output set. The membership
values are weighted with the typical values of
each function.

ESQUIVEL-SALAS, Abraham, CASTANEDA-DELGADO, Jaime,
SALAS-GUZMAN, Manuel Ignacio and ARREDONDO-SALCEDO,
Daniel. Greenhouse temperature control based on Fuzzy Logic. Journal
of Computational Systems and ICTs. 2021
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The actual output is obtained with the
expression:

* __Zﬁﬂlduﬂ*m
Z = Z?=1#(Ul')

Where ui is the typical value of each
function. p(ui) is the membership value in this
function.

The COM it is an efficient method, if
symmetric functions are used, also it can obtain
real output values using limited computational
resources. This method was used in this project
because of its low cost.

Input

Regarding the controller, its inputs are given by
the temperature error obtained from the
greenhouse temperature. (ldeal temperature -
Current temperature) and the Derivative of the
temperature error (dE / dt), which is the
difference between the current error and the
previous one.

The fuzzy inputs, composed of the
Temperature Error and the Temperature
Derivative, they are processing with a diffusion
process, assigning membership values. With a
range of 20 to 44 degrees, a Lambda function,
three triangular functions, and a gamma were
defined.

Very Positive (MP) Lambda

1,if u < 20;
26—u
26-20

0,if u> 26.

L(u; 20,26) ,8120 <u < 26;

Positive (P) Triangular

0,if u < 20;

Y720 if 20 <u < 26;

A(u; 20,26,32) LG‘Z"

32-u
32-26

,if 26 <u < 32;
0,if u> 32.

Zero (Z) Triangular

( 0if u <26

Y720 if 26 <u < 32;
A(u;26,32,38) { 32726

38—u
38-32

Jif 32 <u <38;

0,if u > 38.
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Negative (N) Triangular

( 0,if u <32
U732 32 <u <38

Au; 32,38, 44) { 38732

44—-38

if 32 Su < 44;
0,if u> 44.

Very Negative (MN) Gamma

0,if u < 38;
u—38
44-38

1,if u > 44.

['(u; 38,44) if 38 <u < 44;

The Error’s derivative has a range
between -1 to 1, where -1 indicates that the
greenhouse temperature is cold compared to the
ideal temperature, therefore, the blinds must
remain closed. On the contrary, 1 indicates that
the temperature has risen, so the blinds must be
open.

Negative Derivative (DN) Lambda Function

Lifu <-1;

L(u; —1,-0.5) = if-1%<
0,if u>—0.5.

u < -0.5

Low Negative Derivative (PND) Triangular
Function

0,if u <-1;
Cif -1 <u <-05;
A(u; —1,-0.5,0) ¢ %>+
Jif —05<u <0;
0+0.5

0,if u>0.
Zero Derivative (DC) Triangular Function

( 0ifu <-05;

S22 if —0.5 <u <O0;
A(u; —0.5,0,0.5) < °*%°
——— if 0<u <0.5;

0,if u>0.5.

Low Positive Derivative (DPP) Triangular
Function

0,if u <O0;
Lif 0 <u <0.5;

u-—0

A(u; 0,0.5,1){ %°70

1-u

if05<u <1;
0,if u>1.

1-0.5 "’
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Positive Derivative (PD) Gamma Function

0,if u <0.5;
u—0.5
1-0.5
Lifu>1.

I'(u;0.5,1) ,if05<u <1;

The fuzzy rules from Mamdani's
architecture, generated from the field experience
that the inference machine follows, can be seen
in a fuzzy memory.

Temperature error

MN [N [C [P MP s 8
A [AB |C [CB [C [DN ||
A__|AB [CA [CB [C |[DPN (NS
A [AA [N [cA [C |DC <
A [AB |AA [CB [C |DPP

A [AB |A [cB [C |DP

Expected output

Table 1 Fuzzy memory

The defuzzification of the output can be
presented in figure 6.

AB AA CA

A 2 L .
N ' ‘.

1 H ' '

0% ' ' \
) '

\E ! '
' '

04 ' ' '
' )

0.2 i i X

&0 &0 B 100

Figure 6 Output of the Fuzzy Control, percentage of
opening / closing of blinds

Open = p(u) = {3;’53 1%

Low open = p(u) = {;:ll]]::j jt 22(())
High open = p(u) = {;:ll]]::j jti(())
High close = p(u) = {&’;{Z 166(())
Low close = p(u) = {(}: Ll]]::j ;g(())

1,if u = 100
Close = p(u) = {0 i]]:u + 100

Applying the COM method for inverse
diffusion, starting from the maximums of the
Error Derivative and the Temperature Error

Yie, w(CO)*Ci
Yie, w(cd
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Results

The control has been tested in a mechanical
prototype (see figure 1), where the opening /
closing has been checked according to the
percentage generated by the control with Fuzzy
Logic.

Acknowledgment

This research project was made possible thanks
to the sponsorship of Instituto Tecnoldgico
Superior Zacatecas Norte.

Conclusions

The fuzzy control laboratory tests are
satisfactory when controlling the opening /
closing of the blinds, thus affecting the
temperature.

This technological solution provides an
automatic temperature control, reducing costs
and working time. In  non-automated
greenhouses, a person must be controlling the
environmental variables all time.
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Abtract

Micro-companies have been a sector with a great
disadvantage in recent months due to the global health
problem; hence, the interest in offering a technological
tool that allows them to improve customer service. The
objective of this article is to present a project, which it was
developed for an automotive parts store in Oaxaca city.
The idea of introducing technologies such as the use of
web applications integrating the QR code to facilitate
inventory management will allow these micro-companies
to offer an improved service. The contribution of this
project is that it can be adapted to different types of micro-
companies that require technological tools that support
them in their survival in an increasingly competitive
market. The prototype is developed with the agile
Extreme Programming (XP) methodology, and the tools
used are Laravel and Boostrap frameworks for the web
application and for the mobile application: Android Studio
and Material Design.

QR code, Web application, Mobile app

Resumen

Las microempresas han sido un sector con gran desventaja
en los ultimos meses debido al problema de salud a nivel
mundial, de alli, el interés de ofrecer una herramienta
tecnoldgica que les permita mejorar la atencién a sus
clientes. El objetivo del presente articulo, es presentar un
proyecto desarrollado para una refaccionaria automotriz
en la ciudad de Oaxaca de Judrez, Oaxaca. La idea de
introducir tecnologias como el uso de aplicaciones web
integrando el cédigo QR para facilitar la gestion de los
inventarios, permite a estas microempresas, ofrecer un
servicio mejorado. La contribucion del presente proyecto
es que, éste puede adaptarse a diferentes tipos de
microempresas que requieran de herramientas
tecnoldgicas que les apoyen en su supervivencia en un
mercado cada dia mas competitivo. El prototipo es
desarrollado con la metodologia 4&gil Extreme
Programming (XP), y las herramientas utilizadas son
frameworks Laravel y Boostrap para la aplicacion web y
para la aplicacion mévil Android Studio y Material
Design.

Cédigo QR, Aplicacion web, Aplicacion movil
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Introduction

Currently web applications have grown rapidly,
especially in recent months in which new
business models have emerged; and many of
them include a mobile application as a plus
value. Web applications have become popular
due to the practicality of the web browser as a
light client, they can be run on any operating
system, and it is not necessary to install or
distribute software to users (Ferrer, 2015). On
the other hand, the popularity of mobile
applications is increasing with the use of smart
devices and the applications created for them,
have become stable over time. (David, 2021). In
addition, users of mobile applications
increasingly require real-time information that it
can be consulted from their mobile devices for
quick decision-making in their companies, no
matter how small they were.

There are mobile and prepackaged
solutions on the market that do not require code,
up to fully customized solutions and
development platforms integrated into mobile
devices (Redhat, 2021); however, small
businesses sometimes require ad hoc solutions
that do not expense many resources on their
devices.

The aim of this article is to show a
technological solution for micro-companies in
the automotive parts sales branch, a solution that
contributes to their permanence in the market,
given the health conditions that are experienced
in the world. Since small businesses in all cities
have been hit by the restrictions imposed by the
federal, state and municipal governments, and
have not achieved the expected sales from the
massive lockdown.

This web application in conjunction with
the mobile application gives “Refaccionaria R”
the possibility of using technology in its favor,
applying QR code in the early identification of
its parts within its warehouse. The QR code is a
type of barcode that is easily readable with
digital devices such as smartphones and stores
information in a series of pixels contained in a
square (Business Insider Mexico, 2021). The
acronym QR comes from the English phrase
quick response, since the creator aspired for the
code to allow its content to be read at high speed
(Velasco, 2014).
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The article contains next sections:
introduction, problem statement, developing
methodology, development, results, future work,
acknowledgments, conclusions and references.
In the first section, the problem that originated
the proposal of the developed prototype is
presented. In the second section the
methodology applied for the development of the
software is explained, the development section
shows the three iterations that were worked on
to obtain the functional prototype of the web and
mobile applications; the results section shows
the prototype with its functionalities.
Subsequently, it was added a section where the
next steps of this project are enunciated, that is,
the possible future developments. There is a
section of thankfulnesses, where the determined
support of those who made the achievement of
the project aims possible is recognized. Finally,
the conclusions reached are explained, and the
references consulted are listed.

Problem Statement

Micro-enterprises dedicated to the buy and sale
of automotive parts that operate in the
municipality of Oaxaca de Juarez, in the state of
Oaxaca, have different problems with their
inventories, such as

a. Lack of control and location of parts in
the warehouse.

b. Supplier contacts are easily lost since
records are carried out manually.

C. At a certain moment, the real number of

automotive parts they manage and their
existence in the warehouse is unknown.

d. Loss of pieces from a low monetary
value to high values that impact a
financial loss.

e. The organization of the pieces does not

follow a standard, since identification
codes of the pieces are not handled.

f. The classification of parts is ambiguous,
leading to errors when supplying orders
to customers.

g. Monetary losses on products that are not
sold in the appropriate time and remain
indefinitely in the warehouse.

The above information was obtained from a
series of interviews with the manager of an
automotive parts microenterprise, which for
confidentiality  reasons we  will call
"Refaccionaria R".

MORALES-HERNANDEZ, Maricela, MORALES-JIMENEZ, ltzel,
OSORIO-HERNANDEZ, Luis Eduardo and DIAZ-SARMIENTO,
Bibiana. Prototype of a web and mobile application for inventory
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Developing methodology

Software quality is an issue that has become
more important in recent times and to which
greater attention should be paid, not only from a
research point of view, but also from a business
point of view (Calero, Moraga & Piattini, 2010),
a point of view that is very relevant when using
an agile user-oriented methodology such as
extreme programming.

For the development of this work, the
agile Extreme Programming (XP) methodology
is used, since according to Molinero (2018), XP
teams carry out almost all software development
activities simultaneously and organize software
development in iterations of a short time
(regularly a week) and this allows mistakes and
successes to be clearly associated with their
causes.

XP was designed for small and medium-
sized projects, focused on customer needs. In
addition, it describes in detail the development
of the software such as programming language,
refactoring, unit tests, etc. (Lainez, 2015).

In this work, the Xp phases stated by
Molinero (2018) are considered for the iterations
that are defined in the development of a
functional prototype:

Planning

Analysis

Design and coding
Tests

Deployment

agrwOdE

Phases are performed in each planned
iteration.

The tools wused in the prototype
programming are, first, laravel, which is an easy-
to-program framework, since it contains the
same tools as other web frameworks such as
“Ruby on Rails” (Laravel, 2021). Second,
Android Studio was used for the mobile
application, which according to Android (2021)
is the official integrated development
environment (IDE) for developing Android apps
and is based on IntelliJ IDEA which according
to its official page is an integrated development
environment (IDE) for JVM (Java Virtual
Machine) languages designed to maximize
developer productivity (IntelliJ IDEA, 2021).
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Development

As already indicated in the previous section, the
agile XP methodology was applied for the
development of the prototype. The first thing
that was done was to work with the identification
of the functional requirements of the prototype.
For this, the processes that the company carries
out in its activities related to the inventory of
automotive spare parts are identified. As an
example, some of the identified processes are
shown.

In Figure 1, the spare parts ordering
process is presented, it can be seen that the
warehouse manager generates a tentative list of
spare parts to buy. Subsequently, he compares
the prices of the same with different suppliers,
with that information he generates a definitive
list of the spare parts that are required. Next, the
general manager of the company reviews the list
and, if necessary, makes changes that he
considers pertinent, once he analyzes the list and
agrees with it, he authorizes the sending of the
order list to his suppliers, the process ends when
the supplier receives the order.

Figure 2 represents the process of
receiving and storing spare parts, which begins
when the supplier provide a previously made
order, the warehouse manager receives the
orders, signs receipt, and verifies what is
received according to the invoice issued by the
supplier. If the quantities coincide, and the
product is purchased for the first time, it is
assigned a location in the warehouse, if it is not
a new product; it is accommodated according to
the classification already established. The price
of the product and its existence are updated, the
invoice is delivered to the manager, and he
receives it and concludes this process.

On the other hand, if the quantities or
spare parts do not match, the manager notifies
the supplier and if required, the supplier adjusts
the total amount of the invoice, and if necessary
applies the corresponding discount. Finally, the
supplier generates the invoice again, sending it
to the manager of the parts store, concluding the
process.

MORALES-HERNANDEZ, Maricela, MORALES-JIMENEZ, ltzel,
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WAREHOUSE MANAGER PROVIDER MANAGER

>
Start )
Authorized?

v No Ye
Generate \4
Tentative list Make Make an

changes > order
v
Compare Receive
Prices Request L
v v

Generate final ( End )

list

Figure 1 Spare parts ordering process
Source: Own Work

In Figure 3, the process of payment to
suppliers is observed, which begins when in
which the manager determines the payment
modality. If this is made on credit, the manager
records in his control agenda the deadline for
payment. If the payment is still within the
allowed days, the manager performs it in a
normal way, again registers the pay method in
his control schedule and the process ends when
the provider receives such payment. If it is
exceeded the days allowed to settle it, the
manager must do it with an extra charge.

In figure 4, the cash sale process is
detailed, it begins when a customer arrives at the
R, and requests a product, and the warehouse
manager looks for the product. If it is not in your
inventory, notify the employee to inform the
customer, thus ending the process. On the other
hand, if the product is in the warehouse, it is
delivered to the employee, who asks the
customer for the payment method. If it is in cash,
the payment is made and the note is generated to
deliver it with the product, ending the process. If
the sale is on credit, the credit sale process is
carried out, described in figure 5.

In figure 5 you can see the credit sale
process, this begins with the verification of the
client's registration in the authorized clients'
agenda. If not authorized, the employee goes to
the general manager to authorize the search. If
this does not authorize it, the client is notified
and the process finishes. On the other hand, if the
manager authorizes the customer to register, an
account is generated to add the requested
product to it; his or her remittance note is made
at the employee for the customer. This process
ends when the customer receives their delivery
note and product.
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Similarly, the other internal processes of
the company that have a direct impact on
inventory management were reviewed, which is
one of the problems that leads to monetary
losses, as well as customer service.

WARFHOI ISF MANAGFR PROVINFR MANAGFR

Start
Sign received "
o Deliver orders
Check invoice
Notify to the
provider
apply
discount
yes Bo the amounts No
match?
notifies the

purchased for
the first time? No

Accommodate ( End
spare parts
in their places

Assign
Tocation
Update
Prices and Sfock

deliver invoice
to manager

Figure 2 The process of receiving and storing spare parts.
Source: Own Work

MANAGER PROVIDER

( Start

as the
urchase No
Yes oncredit? Collect the
‘ invoice amount

Register payment Make cash ( End
deadline payment
m EGE( pjald
Register payment
method

he payment
is with in the
date? No

Yes

Make payment
with extra

payment charge

Make normal ‘

Figure 3 Supplier payment process
Source: Own Work

WHAREHOUSE MANAGER PROVIDER MANAGFR

(" start ) /—‘ Search
i Serve the product
customer

No ‘@
Notify Yes
customer
Notify Deliver to
counter counter
It’s’
Yes
"
Collect
NG

Recei e Generate
eceive v c note
Deliver delivery
End \ note and piece

Figure 4 Cash sale process
Source: Own Work.
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c oS 19 | Parts report 3 1
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And ticket to
the client

End
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Figure 5 Credit sale process
Source: Own Work

Once the company's processes have been
analyzed, a set of requirements is determined,
which are presented in table 1.

1 Management of web system users

2 Customer management of the auto parts store

3 Cash and credit sales management

4 Supliers management

5 Management of cash and credit sales

6 Orders management

7 Inventory management

8 Management of vouchers given to customers

9 Returns management

10 Various reports according to the needs of the
company

11 | Order management from the mobile application

12 Inventory management from the mobile
application

13 | QR code reading from the mobile application

Table 1 Functional requirements of the web system and
mobile application
Source: Own Work

With the above information, the user
stories were created, generating the master list of
user stories, as shown in table 2.

# Title Assigned  Estimated

iteration points
1 | Sale of spare parts for cash 2 3
2 | Sales of spare parts on credit 2 2
3 | Parts register 1 2
4 | Clients register 1 2
5 | Supliers register 1 2
6 | Employs register 1 2
7 | Return of spare parts 3 3
8 | Generation of vouchers 3 1
9 | Charge with vouchers 3 1
10 | Register credit sales 3 2
11 | Preliminary list of spare parts 2 3
12 | Make order to suppliers 2 3
13 | Register cash purchases 2 3
14 | Register credit purchases 2 2
15 | Register sales 2 2
16 | Physical search for spare parts 3 2
17 | Register payments to suppliers | 3 2
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Table 2 User Stories Master List
Source: Own Work

To solve the user stories, they were
grouped into three iterations; these can be seen
in Table 3.

Iteration Iteration Solved user stories
number name acording with table 2
1 Inventory 3,4,5,6
2 Purchases, 1,2,11,12,13,14,15,17,18
orders and
cash sales
3 Returns, 7,8,9,10,16,18,19,20,21,

vouchers and | 22,23,24,25,26
reports

Table 3. Iteration planning
Source: Own Work

The following paragraphs explain what is
done in each of the 4 iterations.

Iteration 1. Inventory

Planning: According to the planning of
the master list set out in Table 3, the user stories
with the highest value and average ease were
taken into account, providing a solution to the
inventory process, considered this as the basis of
the prototype.

Analysis: Here the sequence diagrams
were used, through which the requirements of
the web application were obtained, taking into
account all the actors involved in the inventory
process. As an example some of the sequence
diagrams made are shown.

Figure 6 shows an example of a sequence
diagram for inventory. In a similar way, other
diagrams were elaborated that supported the
analysis phase of this iteration.

MORALES-HERNANDEZ, Maricela, MORALES-JIMENEZ, ltzel,
OSORIO-HERNANDEZ, Luis Eduardo and DIAZ-SARMIENTO,
Bibiana. Prototype of a web and mobile application for inventory
management of a parts store using QR code. Journal of Computational
Systems and ICTs. 2021



13

Article Journal of Computational Systems and ICTs
June, 2021 Vol.7 No.19 9-20
User User interface Routes Controlle Database CRC CARD
Number: Stage:
Products() M getProducts() > All( > CRC Name:
P i Responsibilities | Cooperations
newProducti) - return()
] validate() Table 4 CRC card structure
_ create(R) Source: Rajlich (2016)
addNew() - validate()
create()
< success() < All(

Figure 6 New spare part sequence diagram
Source: Own Work

Design and coding: Derived from the
previous phase, the functional requirements for
the development of the prototype were obtained
using the use cases tool, where the users
participating in it were clearly identified, at the
same time the CRC cards were made, which
allowed listing the specific actions, so that, in
this way, the coding would be developed
efficiently. Figure 7 shows an example of the use
case to search for a spare part, it should be noted
that in a similar way all the necessary use cases
were elaborated to be able to carry out the coding
using the laravel framework. Table 4 illustrates
the structure of a CRC card, which was used to
describe in detail the specific actions in the web
application. In figure 8 a code fragment is
exemplified, as a result of the design.

Auto spare parts catalogue

Delete
from
catalog

Delete
product

O

- S<use> <<extends> -

Warehous

O

Modify

product changes to

product data

. <<extends>

Create
product

Capture new

N

3

; \\%Qp product data

Manager Zeuse>> [/ %,
/ <<extends>> "\ %

A

existence
Capture product

reason and quantity

Figure 7 Part Search Use Case Diagram
Source: Own Work
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Figure 8 Code example to add part
Source: Own Work

Tests: In this phase, the unit and
acceptance tests related to the inventory were
carried out, considering all possible scenarios
according to the business rules of “Refaccionaria
R”.

Desployment: At this stage, once the
user agreed with the functions of this iteration,
the inventory module was completed and
operational.

Iteration 2. Purchases, orders and cash sales.

Planning: Taking Table 3 as a reference,
the user stories indicated for the second iteration
were developed; these have a medium value and
medium ease, thus solving the process of
purchases, orders and cash sales.

Analysis: Using the sequence diagrams,
the requirements and direct actors in the process
mentioned in the planning stage were obtained,
as an example, the sequence diagram
corresponding to the credit sales process is

shown in Figure 9.
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Figure 9. Credit sales sequence diagram
Source: Own Work

Design and coding: In this stage, the
actions that each user performs according to the
aforementioned  process were identified,
translating them into functional requirements.
Tools such as CRC cards and use case diagrams
were applied in a similar way to the first
iteration. The resulting product in this phase is
the coding of the functionalities corresponding
to the iteration.

Figure 10 exemplifies one of the use case
diagrams carried out in this stage, which
corresponds to the use case of credit sales.

On the other hand, figure 11 shows a
fragment of the coding that was developed to

store a credit sale.
Update
inventory

Give probable

Cancel payment date
<<extends, ~sale
Receive products
and sales ticket

Credit sales

\.l
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\
\
<<use>> | >
Make X~
sale <
<
ey Add
N product to
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Figure 10 Credit Sales Use Case Diagram
Source: own work
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public funct

Model_venta_credito::c

Figure 11 Example of code to solve credit sale storage
Source: Own Work

Tests: To start the approval process and
completion of iteration three, the unit and
acceptance tests were carried out, taking into
account the different scenarios described by
“Refaccionaria R”.

Deployment: Once the relevant tests
were applied in the previous phase of the second
iteration, the user approved the functionalities
corresponding to the purchasing, ordering and
cash sales process.

Iteration 3. Returns, vouchers and reports

Planning: The user stories detailed in
Table 3 that correspond to the process of returns,
vouchers and reports were developed, also
considering the reports obtained from the mobile
application when establishing a request for
information to the web application. Some
examples of this type of report are items in
inventory with minimum stock, payment to
suppliers, among others. On the other hand, the
use of QR codes is taken into account to locate
products within the warehouse, using the mobile
application. With the above, a functionality is
added to the inventory process.

Analysis: Considering the tools already
mentioned in this stage in previous iterations, the
functional requirements that were obtained to
communicate the data between the web
application and the mobile application, as well
as the identification of requirements for the
generation of reports, vouchers and returns.

As an example, Figure 12 shows return
sequence diagram, it starts when the employee
enters the ticket, the sale interface sends the
request to consult the sale through the date and
its folio. The routes API sends the query to the
controller so that it converts it to the database
language. The database returns the query, the
controller checks if the return is made at times
established by the company, and sends a json file
to the web application.
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The user selects the part (s) to be
returned, the interface makes the request for the
return to be registered in the database and the
information in the database is updated, and
finally, a voucher is generated for the customer.

Counter clerk User interface Routes Controller Database
enterTicketFolio() ~ checkDate() getSale() - select()
mm— ' » »

G
selectProduct() <@ ShoWView()
selectQTY() 4_—\ validate()
validateQTY
selectReason() <__| QTY(
registerReturn(R)
e createRetum(g) create()
—’

createdetails() UpdateQTY()

TR

createdefective ()
—>

defectiveOK ()
updateSale ()

 —

showVoucher() :'

A

Figure 12 Return sequence diagram
Source: Own Work

Figure 13 illustrates the sequence of
actions between the mobile application and the
web to manage the order list from the mobile
application. It starts with a request that can be
from the manager or the manager of the
warehouse, the application receives the request
and sends it to the API routes for analysis, and
with the controller, the query is generated on the
database. Next, the result of the query is sent to
the controller in a json format, it passes it to the
routes API, which performs the conversion of
the json file to java so that the mobile application
displays it in its interface and can be interpreted
by the user.

Manager, W.E  App interface Routes Controller Database
showProducts() products() products() N select()
> > > |
T
d
" productsandlocation()
4__|JsonToJava()
4__| showProducts!)
Searchproducts()

partsDetails()

Figure 13 Sequence diagram to manage the tentative list
of an order from the mobile app
Source: Own Work
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Design and coding: This stage defines
the correct functioning of the communication
between both mobile and web applications, so a
diagram was used that specifies the flow that the
data communication follows, as highlighted in
figure 14. The architecture of the application is
client / server, through requests that are
interpreted by the server, the requested
information is sent to the mobile device through
the application. In the server side, it has an API
REST, which extract data from database and
send response to client. While, client side send a
data request through pc terminal or smart phone.

Server

Request() | APIREST
— —
atabase

Clients

VA =

Response( ) < D
’ +—
Terminals
D Server

Smartphone

Figure 14 Communication between web and mobile
applications
Source: Own Work

In figure 15 you can see a code fragment,
which generates a file in PDF format to present
a report of the orders that have been made in a
specified period of dates.

Figure 15 Code fragment to generate order report in PDF
format
Source: Own Work

Tests: Unit and acceptance tests were
carried out on both applications, web and
mobile, verifying the effective communication
between them, as well as the visualization of
reports in pdf files and the correct operation of
QR codes.
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Deployment: The user approves the
functionalities by verifying that the generated
files do not show an error, in the same way with
the QR codes it is verified that the search is
carried out in an efficient way, therefore,
iteration 3 was approved in its entirety,
concluding with this way the applications.

Results

Once the three iterations proposed in the
development of the prototype were completed, it
was obtained:

1. A web application
2. A mobile application linked to the web
application

The different types of user identified in
the prototype are:

Manager

Sale employee

Warehouse employee

Manager of web and mobile applications

o0 o

Web Application

Any of the defined users must authenticate in the
application to have access to it. Figure 16 shows
the authentication interface; user must have a
username and password registered previously to
log in web application.

Figure 16 Authentication interface
Source: Own Work

Once the user has entered the application,
the interfaces are the same, the only thing that
changes is that some functionalities are available
or not, according to the permissions that
“Refaccionaria R” established for each user. The
modules of the resulting web application are
shown in figure 17, it should be noted that user
have access to these modules, once the user has
authenticated.
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Figure 18 illustrates the main dashboard
for the manager, where some important data for
decision-making is quickly displayed, such as:
sales of the month, purchases of the month,
payment to suppliers, notifications, among
others; in addition to showing a graph that
reports the accumulated sales of the current year.

Interface for cash sales registration is
shown in figure 19, as can be seen on the left side
of the interface, the code of the parts that are
being sold to the customer is captured and the
details of the sale are shown on the right side, as
well as the total of it.

Figure 20 illustrates the interface to
generate the credit sales report, you have the
option of selecting a period for the report, as well
as obtaining a report in PDF format. Figure 21
shows an example of a cash sales report, the
content of the report has been configured and it
can be downloaded in PDF format. This format
is portable on different storage media.

Refaccionaria R

9 Usuario 1
# INICIO

NUEVA VENTA

TRAR COMPRA

AR PAGOS
NUEVO PEDIDO

DEVOLUCION

Figure 17 Main menu for the manager
Source: Own Work

Figure 18 Main dashboard for the manager
Source: Own Work
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Figure 19 Interface for cash sales registration
Source: Own Work

Figure 20 Interface to generate the credit sales report
Source: Own Work

Figure 21 Example of a cash sales report
Source: Own Work

In the web application there is a function
to generate the QR code, which identifies in
which shelf a group of products is stored,
defined by a categorization previously
established by “Refaccionaria R”.

The QR code presented in figure 22 is
read by the mobile application, which will show
the corresponding shelf within the warehouse
where a specific product can be located.
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Figure 22 QR code generated by the web application
Source: own work

Mobile Application

For the mobile application there is also a user
authentication interface, this is shown in figure
23. To enter the mobile app it is required that the
user has been previously registered to have the
username and password requested by the
Interface as you can see in figure 23. Once the
user has been authenticated, the menu available
in the application is shown, as can be seen in
figure 24, it requires connection functions
between the mobile application and the web
application. The available functions are parts
tentative list, automotive spare parts to query,
orders, and, notifications.

For the quick search of products in the
warehouse, the QR code generated by the web
application can be digitized (see figure 23), and
when it is read the app shows in which shelf that
product is physically stored, which facilitates
management of inventory and save time on
customer service at the shop. The function of
recognizing the QR code by the mobile app is
illustrated in figure 25, when Web App generates
QR code, show it on screen, with mobile camera,
mobile app reads the code, and interprets it.

Figure 23 Login interface for the mobile app
Source: Own Work
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Figure 24 Mobile App main menu
Source: Own Work

Annqueles

Figure 25 Reading the QR code by the mabile application
Source: Own Work

Once the mobile app reads the QR code,
the product information is displayed as shown in
figure 26. Here you can see that the description
of the set of products grouped on the shelf is
detailed, as well as their identification code and
the quantity in stock. On this example it was
used the key word “white”; the word identify the
color of the shelf.
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Figure 26 Result report of reading the QR code from the
mobile app
Source: Own Work

This first web and mobile prototype
permited that the work team realize that
microenterprises requires solutions to theirs
problematics, and, that microenterprises is a
market segment that cannot spend a lot of money
on software solutions; nevertheless, these
solutions contribute that they can compete and
remain on the market. For this reason, is
important developing| low costs solutions for
them.

Future work

The prototype that was proposed to solve the
management problems of the “Refaccionaria R”
warehouse was concluded according to
expectations; however, once the deployment
was made with the microenterprise, new needs
appeared, mainly to build other modules such as
clients, collection, personnel, among others, to
achieve a comprehensive system that includes
all the activities of “Refaccionaria R”.

These proposals would have to be carried
out in a second phase of development, first
establishing the most urgent needs from the
point of view of the auto parts store.

In other hand, the web and mobile
application can be registered to protect
copyright, so, work team will get the
requirements to do. Of course, it is important to
considering the point of view of “Refaccionaria
R”, since the prototype was developed for the
microenterprise.
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Conclusions

The objective of developing a web and mobile
application for managing the inventory of a
small  business model, represented by
“Refaccionaria R”, it was fulfilled, since a
functional prototype was obtained that has been
subjected to different tests by users. There were
some setbacks in the development process,
mainly due to the confinement of the global
Covid-19 pandemic. The foregoing had a
significant impact on the schedule of activities in
the project; however, following the “home
office” work model, the prototype could been
reorganized and finished successfully.

It is important to point out that the
solutions that can be offered to small companies
are developed minimizing as much as possible
the costs in the development tools, as well as the
labor of the developer team, so it was decided to
work with open source tools such the laravel
framework. Under this idea, microenterprises
can obtain technologies for their daily work
without spending large amounts of money.

This work represents an option for small
companies that continue to work under manual
schemes for the management of their
inventories, and it gives them an opportunity to
reorient the functions of their personnel,
organizing and distributing the work according
to the company aims.
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The web and mobile application facilitate
inventory management, which in some cases
represents a persistent problem in companies
that sell products and that need to maintain a
warehouse of them in order to effectively supply
their customers. Keeping greater organization
and control over their inventories allows them to
save both material and human resources in the
development of their most important activities,
and redirect the work of their employees to
actions that result in greater productivity for the
company.

It is important to emphasize that a
prototype will always have opportunities to
improve its functions and this will be achieved
to the extent that it is tested in a real work
environment, under the normal loads that
companies experience.

Educational institutions that train
professionals in the field of computing, such as
the Technological Institute of Oaxaca, are able,
through these projects, to establish a link with
their environment by providing technical advice
and functional products to companies, which are
in the institution's area of influence.
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Abstract

In accordance with the calls for proposals for
technological development and innovation and scientific
research projects, issued by the National Technological
Institute of Mexico (TecNM), each campus belonging to
the TecNM must carry out the management of the projects
that are authorized in each period in order to have timely
information on the status of each project in terms of
progress, application of resources, goals achieved, etc.
Based on these needs in the Technological Institute of
Oaxaca, specifically in the Coordination of the Division of
Postgraduate Studies and Research, the need to have a web
tool that supports said project management becomes clear.
The objective of this web tool is precisely the
management, control and monitoring of the stages,
advances, items and sub-items of the research project
financing, based on the periods established by the TecNM,
maintaining effective communication between the
institutional coordinator and the project leader through
notifications. The agile extreme programming model,
JavaScript and the Express framework were used in the
development of the software.

Web application, Research project, Management

Resumen

De acuerdo con las convocatorias de propuestas de
proyectos de desarrollo tecnolégico e innovacién y de
investigacion cientifica, emitidas por el Tecnoldgico
Nacional de México (TecNM), en cada Instituto
perteneciente al TecNM se debe realizar la gestion de los
proyectos que se autorizan en cada periodo con el fin de
contar con informacién puntual sobre el estado que guarda
la investigacion en cuanto a avance, aplicacion de
recursos, metas alcanzadas, etc. A partir de estas
necesidades en el Instituto Tecnolégico de Oaxaca,
especificamente en la Coordinacién de Investigacion de la
Division de Estudios de Posgrado e Investigacion (DEPI),
se hace patente la necesidad de contar con una herramienta
web que apoye dicha gestion de proyectos. El objetivo de
esta herramienta web es precisamente la gestion, control y
seguimiento de las etapas, avances, partidas y subpartidas
del financiamiento del proyecto de investigacién, con base
en los periodos establecidos por el TecNM, manteniendo
la comunicacion efectiva entre el coordinador institucional
y el lider del proyecto a través de notificaciones. En el
desarrollo del software se utiliz6 el modelo agil de
programacion extrema, JavaScript y el Framework
Express.

Aplicacion web, Proyecto de investigacion, Gestion
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Introduction

At the Instituto Tecnologico de Oaxaca,
scientific and technological research is a key
activity that allows teachers to actively generate
projects in the search for real solutions and that
through the DEPI makes possible the
coordination and management of research
projects that the TecNM finances through annual
calls. The web application for project
management arises from the need of the DEPI
for internal control of research projects in the
monitoring, progress and records of the project,
items and sub-items of funding based on the
periods established by the TecNM.

Once the funding has been approved and
obtained by the TecNM, the internal process
begins with the registration of the approved
project, the funding data and the budget items
and sub-items of the approved resource that
through the use of the web tool, the Research
Coordinator of the DEPI validates that the
delivery of the partial reports are sent by the
project leader in due time and form, the process
is completed when the final report is delivered
and the coordinator validates the process,

The application allows the follow-up of
each of the advances and records of the project
based on the established periods, maintaining the
interaction between the leader and the
coordinator through notifications, thus avoiding
delays in the delivery of the protocol and the
partial and final reports of the project, in addition
to increasing the efficiency in the processes and
the adequate control of the research projects.

The web application has a database using
the MySQL database manager for the proper
control of the records of each of the projects,
funding, items, sub-items, users, thus avoiding
the problems of lack of data integrity and a
structure to store and organize the information,
which allows efficient search processes, and that
the information is available at any time.

The web tool intuitively displays
graphical interfaces that allow users to navigate
the application in a simpler and more user-
friendly way for capturing, recording and
sending information. The application displays a
drop-down list of the items and sub-items
corresponding to each of the financing items to
prevent users from making erroneous choices,
thus avoiding inconsistencies in the information.
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Another important benefit of the system
is that it allows users to download the
information in PDF format for review or
verification, thus reducing file transcription
and/or search times. Therefore, the present work
is composed of the following sections: problem
statement, methodology, types of users,
development,  results, conclusions and
references.

Problem Statement

The DEPI is in charge of managing the TecNM
research projects that participate in the calls
published each year, once the research project is
approved and obtained the funding, the internal
process is carried out manually and starts with
the registration of the approved project data, the
funding data and the budget items under which
the use of the approved resource is governed, the
data of the leaders and collaborators. Once the
projects are registered, the research coordinator
of the DEPI informs each project leader of the
dates for the delivery of the partial and final
reports via e-mail.

Another problem that arises is the
leader's lack of knowledge of the items and sub-
items, since when they are assigned, they do not
correspond to the corresponding items or sub-
items, and when the coordinator verifies, he
notices that there is inconsistent information.

For the review and verification process
of each project the coordinator has to download
the file manually, as the file is in an image
format and even if the information is correct or
not, the project has to be transcribed to text,
which causes workloads, drafting errors and loss
of time. Once the project revisions and reports
are sent by the leader, the DEPI research
coordinator reviews the final report so that the
project leader can upload the information to the
TecNM platform; from this process a PDF file is
obtained as the final product, this information is
printed and filed physically, so that when the
information is required or requested, the search
has to be done manually or by file name, which
causes loss of time. The following problems
were identified: lack of control and an adequate
structure for the storage of information, lack of
data integrity, inconsistency in the information,
lack of adequate follow-up and delays in the
progress of the project, loss of time in the
specific search for a project and time
consumption in the transcription of information.
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Methodology The Responsible user is the teacher

For the development of a software there are
different methodologies to use, however not all
of them are adapted to the particular needs of
each case, for the Web Application for the
project management of the DEPI of the
Technological Institute of Oaxaca, the
methodology of agile development in Extreme
Programming (XP Extreme Programming) was
used; proposed by Kent Beck in 1999, in his
book "Extreme Programming Explaned"; which
has as its main objective customer satisfaction
and optimization of development time, this due
to its characteristics, since it is an agile and
flexible methodology, there is constant
interaction between the customer and the
development team, it works in pairs which
allows peer review, which helps to quickly
identify possible errors, reuses the code, carries
out refactoring, which means improving the
quality of the code and correcting problems,
hence optimizing time. The stages are: analysis,
design, coding and testing.

In this application we worked with three
iterations, in addition two types of roles were
identified as indispensable for its operation with
their respective functions. The Administrator
User is the DEPI's Research Coordinator, who
has full access to the web application, which
allows him/her to add and list participants and
project funding, assign accounts to previously
registered participants, list active and inactive
accounts, register new items and sub-items for
the breakdown of project expenses, perform
searches by participant and by project, add and
list previous projects to the application, add and
list projects prior to the DEPI, add and list
participants and project funding, assign accounts
to previously registered participants, list active
and inactive accounts, register new items and
sub-items for the breakdown of project
expenses, perform searches by participant and
by project, add and list participants and by
project, add and list projects prior to the creation
of the system, visualize projects with colored
traffic lights to identify their status, visualize the
progress of projects, review research protocols,
reports and project deliverables, add
observations for each of the documents
reviewed,  visualize  collaborators, the
breakdown of project expenses, download
project reports in different formats and mark
projects as completed.
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leading the project, can add projects with a
funding key created by the administrator, list the
active projects that correspond to him/her, view
the progress of the project, upload research
protocol and reports, add and list project
deliverables and add materials and services for
the breakdown of the amount authorized for the
project.

Development

The development of the web application was
based on three iterations that were carried out
according to the phases of the extreme
programming methodology. In the Analysis
phase, a meeting plan was made to define the
tasks, the progress of the system and the review
dates. For this activity, the interaction and
communication with the external consultant was
essential.

Meeting Activity Date
N[}
1 Define the master list of users 021120
2 System requirements gathering 091120
3 proposal for the operation of the | 231120
system
4 Review of the functionality of the | 071220

financing management, project
management, user management
and system access modules.

5 Delivery of the first iteration 140120

6 Review of line item and sub-item | 180121
modules, reports, upload
protocol, schedules, project
content and comments.

~

Delivery of the second iteration | 010221

8 Revision of the Project Tracking, | 010321
Traffic  Light,  Repository,
Notifications and Password
Reset modules.
Repository, Notifications and
Password Reset.

9 Delivery of the third iteration 200321

10 Delivery of the final project 270321

Table 1 Delivery meeting plan and progress
Source: Own Elaboration

Table 2 shows the master list of iterations
and the tasks that were defined for the
development of the project.
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First Iteration

1. Financing management
2. Project management

3. User management

4. Access to the application

Second Iteration
Headings and subheadings
Searches
Reports
Schedules
Project content
Remarks
Project monitoring
Traffic lights
Repository
Notifications
Password Reset

ok whE

agrwdE

Table 2 Master list of the main iterations
Source: Own Elaboration

For the definition of the functional and
non-functional requirements, the user story
technique was used, which can be applied in
agile methods, they are a brief description of a
software functionality as perceived by the user
(Cohn, 2004); it is important to mention that
different user stories were developed in each
iteration.

Table 3 shows the fields that were
considered most necessary to adequately
describe the user story, such as:

— ID: 01; unique user story identifier for
the functionality or job.

— Title: Add funding; descriptive title of
the user story.

— Description: As an administrator user |
want to add funding for research projects
accepted by TecNM; synthesized
description of the user story based on the
pattern: As [user role], | want [objective],
so that I can [benefit], according to Cohn
(2004), as it ensures that the functionality
is described at a high level and not too
extensively.

- Validation criteria: acceptance tests
agreed with the client or user, in this
example the user's request is validated.
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NUmero: 1 Name: Add financing

User: Administrator

Priority: High Iteration assigned: 1
Development risk: high Estimated points: 2
Description:

I as an administrator user, want to add funding for research

projects authorized by TecNM.

Observations:

- Have a funding key given by TecNM.

- Add the financing start date.

- Have an expiration date, this date is automatically
generated with a period of one year.

- It must allow to add approved items and the authorized
amount for each one.

- It must allow to delete a line item.

- It must contain a Button that allows to add the financing
to add the key.

Table 3 User Story to add financing
Source: Own Elaboration

In the design stage, the XP methodology
makes special emphasis on simple and clear
designs, one of the important aspects with which
we worked on the design was Simplicity,
meaning a simple design that works and can be
implemented more quickly, in relation to the
refactoring or recoding, we modified part of the
code of some modules without changing its
functionality, with the objective of a simpler,
concise and understandable design.

For many types of software, design and
construction are linked. That is, both activities
must be executed simultaneously, so that the
design models are tested as they are created
according to Pressman S. Royer (2010),
therefore; the design results depended on the
iteration in which it was worked, for example in
iteration one was obtained as a result the creation
of the database through the relational database
manager system based on Nevado, M. (2010).

The database management system used
in this project is MySQL which is an open source
relational database management system based
on structured query language; it runs on virtually
all platforms, including Linux, Unix and
Windows. Although it can be used in a wide
range of applications, it is most associated with
web-based applications.

In the design of the interfaces, these were
generated according to the iteration that was
being designed considering the master list of
iterations.
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In the coding phase we used the Express
framework for web applications from the
OpenJS foundation, it is open source and works
with Node.js, it provides a thin layer of features
for the creation of web applications, which
allows it to be fast and minimalist, its main
functions are the management of routes,
integration with databases, template engine,
error handling. It is a framework without
opinions, which lets programmers work the way
they want without forcing them to take a
particular path, besides being easy to use.

The coding results were also a function
of the iterations; in the first iteration the
following modules were coded: financing,
projects, users and access; for the second
iteration the modules of items and sub-items,
searches, development of schedules, reports,
observations and project content were coded.
Finally, in the third iteration, the modules for
project tracking, project traffic lights, repository
for historical projects, system notifications and
password resetting were developed.

The web application was based on a
client-server architecture, where the client (user)
makes requests to the server (computer) and the
server responds with the requested information,
taking into account the needs of the end user and
the advantages offered by the client-server
scheme such as the use of different operating
systems, graphical interfaces easy to understand
for the user, modular structure that allows easy
integration of new technologies, frequency and
time of use of the application and data integrity,
as shown in Figure 1.

e

Figure 1 Client-server architecture design
Source: Own Elaboration

The testing stage, for Somerville (2005)
are the tests that are applied to demonstrate to the
customer that the software meets their
requirements, for the web application different
tests were performed in each iteration, such as:

ISSN-2444-5002
ECORFAN® Al rights reserved

June, 2021 Vol.7 No.19 21-29

- The unit tests, which focuses on focusing
on each module, the integration tests
whose objective is to verify the correct
assembly  between the  different
components once they have been unit
tested in order to verify that they interact
correctly through their interfaces, cover
the established functionality and adjust to
the non-functional requirements.

- Acceptance tests that aim to check if the
software is ready and can be used by
users to perform the functions and tasks
for which it was designed, where the
customer tests and verifies that it meets
their expectations.

- The validation tests where it is verified
that the application serves the purpose
for which it was created, is a necessary
programming task, to execute and verify
that the inputs are of the correct type and
that they are complete with data, since
they facilitate the programming and
improvement of the user interface and
the satisfaction of the final user with the
developed software.

The validation test process for the reports
is described below.

A fundamental stage of the project are
the reports, these have established time periods
to be delivered and keep track of the exact stage
and status in which they are.

In the user interface of the Responsible
or project leader visualizes the date validations
that have to be performed for the proper
generation of reports, as it shows the number of
days remaining for the Pdf upload option to be
activated as shown in Figure 2.
No. |Fechadeiniclo  |Fechafinal  Subir POF | Previsualizar POF
1 2021-05-25 2021-05-M faitan 54 diss para actvarse O
2
3 2021124 202112.01  faltan 237 dias para activasse 2

B 2 3 2022-4 falt 4 dizs para actvarse C

Figure 2 Validation of report dates
Source: Own Elaboration

The option is activated so that the project
leader can upload his reports, and it will only
remain active for one week, as shown in Figure
3.
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No. | Facha de inido Fecha final Subjir POF
1 X 1

2

Y 11.00 21-12 stan 145 Gt Deca activarse "

4

Figure 3 Active option to upload reports
Source: Own Elaboration

Once the Upload report option is
activated, it is validated, so that it is not sent
without having uploaded or selected any file, in
case of doing so, a message is displayed. In
addition to this, the system validates that only
files in PDF format can be uploaded, as shown
in figure 4.

Subir Informe

Provecto: Desarrollo de Sistema Web DEPI

Figure 4 Validation of file in Pdf format
Source: Own elaboration

Results

The web application for project management of
the DEPI of the Instituto Tecnoldgico de Oaxaca
allows the management, control and follow-up
of the advances, items and sub-items of the
research project financing, under the TecNM
guidelines as well as the established periods.

Different modules were implemented for
this application: system access module,
participants, users, financing, projects, items and
sub-items, searches, reports, project follow-up
and traffic lights, historical projects and
password reset. The following is a description of
the important modules of the web application.

- System access screen

Shows the access to the Web Application, where
only registered and authorized users can log in
through a username and password. See Figure 5.
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Figure 5 Access to the system
Source: Own Elaboration

- Main screen of the administrator

The main screen of the application
contains the following menu of options:
Participants, Basins, Financing, Sub-items,
Search, History, Projects, Notifications and the
Exit option, see Figure 6.

Figure 6 Main mend
Source: Own Elaboration

- The Participant module allows
registering the participants of the system through
a unique identifier that corresponds to a CVU
number (Unique Curriculum Vitae) that each
participating teacher has registered with the
TecNM, the data added are full name, the
participant’'s campus of origin, an e-mail, the
module has a Create Participant button that
allows re-registering the participant, it also lists
the previously registered participants, as shown
in Figure 7.
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Figure 7. Main screen of the system
Source: Own Elaboration

- Accounts Module. Allows the creation
of access accounts for previously registered
participants. A member is selected, the e-mail
address is automatically filled in, a random and
secure password is generated, a role is added,
and a Register button is used to create the
participant's access account. See figure 8.

Figure 8 Participant's account
Source: Own elaboration

- Funding module, this module adds
funding through a key that is assigned to the
research project when it is authorized by the
TecNM, the start date of the funding is specified
and the expiration date is automatically
generated, the approved items and the authorized
amount for each project are added. See figure 9.

Figure 9 Add Financing
Source: Own Elaboration
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- Sub-items module, allows the creation
of new authorized items and sub*-items to break
down project expenditures by means of an item
key, a description can be added and deleted to
justify how the money under that sub-item will
be broken down, as shown in Figure 10.

Figure 10. Adding a subheading
Source: Own Elaboration

Figure 11 shows a glossary of
subheadings authorized by the TecNM for the
breakdown of project expenses.

Figure 11 Glossary of subheadings
Source: Own Elaboration

Projects module, this module is one of
the most important of the web application, since
it allows the management and monitoring of
projects, it shows the visualization of research
projects through a colored traffic light with
project statuses, it can be filtered according to
their status and visualize their individual details.

This module shows the project statuses:
On Time means that all projects are on time and
on track, Overdue: all projects that are Overdue
are displayed. The Finished status shows all the
projects that are Finished and also all the projects
that are Cancelled, as shown in Figure 12.
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Figure 12 List of projects
Source: Own Elaboration

Figure 13 shows the Project Details, it is the
main view of each project, it allows to observe
the progress over time and the side menu
changes adjusting to the project details as
described below:

— Progress: allows to go back to view the progress
of the project.

— Protocol: Allows to view the research protocol
of the project.

— Reports: Allows to view the partial and final
reports of the research project.

— Deliverables: Allows to view the deliverables
recorded by the project leader.

— Expenses: Allows to view the breakdown of the
project expenses.

— Collaborators: Allows to view the participants
that were registered as collaborators by the
project leader.

— It has the option to return to the previous menu.

Figure 13 Project progress
Source: Own Elaboration
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Conclusions

The wuse of web technologies for the
development and implementation of the web
application for the management of research
projects brings to the DEPI the internal control
of the projects that the teachers of the Instituto
Tecnoldgico de Oaxaca generate actively in the
search for real solutions under the guidelines of
the Tecnoldgico Nacional de México based on
the calls issued each year.

One of the benefits of the web
application is the control and follow-up of the
research projects, which through the colored
traffic lights the research coordinator of the
DEPI knows the status of the project; in the same
way it allows the interaction with the project
leader to add the corresponding information of
the project, since the system allows the
coordinator to make the necessary feedback of
the project so that it can be attended by the leader
without any confusion or delays in the delivery.

In relation to the project leader, the
application allows him to add a project, assign
the items and sub-items appropriately and the
amount authorized for the development of the
research and know the materials and services in
which it was spent; in addition to sending the
protocol and reports in a timely manner. The
web application has a database to store the
information of the projects, items, sub-items,
amount, users, accounts, participants, protocol
and reports, which allows to have a history of the
reports made during the year of validity.

The development of the web application
greatly benefits the Coordinator and the
teachers, since it has an efficient control of the
research projects, each participant leader knows
in a timely manner in which part of the process
is, since the system keeps track of each process,
and is notified about delivery times of the
documents thus avoiding delays in deliveries, in
addition to the projects can be canceled for non-

compliance or long waiting times.
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In general, the system provides several
benefits, one of them is that at the moment of
carrying out each internal process through the
web application, the user is notified in a timely
manner about any event or requirement of the
project being carried out; the internal control of
the process of research projects becomes more
efficient, the attention provided to leading
teachers improves by reducing waiting times and
avoiding unnecessary constant visits since it can
be consulted directly in the web application from
any place with Internet access, having the
information available in time and form;
processed and stored information that helps in
decision making.
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Abstract

Educational platforms are tools that facilitate the teaching
learning process. The LMS platforms: Edmodo, Schollogy
and Moodle complement this process between students
and professors. The use of these platforms was analyzed
at the Technological Institute of Oaxaca, with the
participation of students from the following careers:
Electronic Engineer, Electrical Engineer, Civil Engineer,
Mechanical Engineer, Industrial Engineer, Chemical
Engineer, Business Management Engineer, Computer
Systems Engineer, Bachelor of Administration and
professors; all of them agree with that the most used
platform is Moodle. One of the main objective is identify
and classify the LMS used by students of the semesters:
second, fourth, sixth, eighth and tenth, as well as teachers
during the period January-June 2019. In addition, it was
analyzed the use of LMS and the percentage of students
and professors who use the platform as a teaching-learning
strategy is determined. For the analysis of the use of LMS
in the Technological Institute of Oaxaca, the methodology
that was considered consists in the next phases: problem
statement, definition of objective, elaboration of the
theoretical framework, elaboration and analysis of
surveys, process design and conclusions.

LMS, Moodle, Platforms

Resumen

Las plataformas educativas son herramientas que facilitan
el proceso de ensefianza aprendizaje. Las plataformas
LMS: Edmodo, Schollogy y Moodle complementan este
proceso entre estudiantes y docentes. El uso de estas
plataformas fue analizado en el Instituto Tecnol6gico de
Oaxaca, con la participacion de estudiantes de las carreras:
Ing. Electronica, Ing. Eléctrica, Ing. Civil, Ing. Mecanica,
Ing. Industrial, Ing. Quimica, Ing. en Gestion Empresarial,
Ing. en Sistemas Computacionales, Lic. en
Administracién 'y docentes, coincidiendo que la
plataforma mas utilizada es Moodle. En los objetivos se
identifican y clasifican los LMS utilizados por estudiantes
de los semestres: segundo, cuarto, sexto, octavo y décimo,
asi como docentes durante el periodo enero-junio del
2019. Se analiza el uso de LMS, se determina el porcentaje
de estudiantes y docentes que utilizan la plataforma como
estrategia de ensefianza aprendizaje. Para el anlisis del
uso de LMS en el Instituto Tecnol6gico de Oaxaca se
considero la metodologia en sus diferentes fases:
planteamiento del problema, definicién de objetivo,
elaboracion del marco teérico, elaboracion y andlisis de
encuestas, disefio de procesos y conclusiones.

LMS, Moodle, Plataforma
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Introduction

The TIC are a great impact on world education,
specifically in the educational field, the use at
the Higher Education level contributes to the
constant updating of pedagogical practices, with
the inclusion of innovative, flexible and dynamic
methods, creating a new educational
environment. (Ulloa, 2018).

The LMS (Learning Management
Systems - Sistema de Gestion de Aprendizaje)
They are course containers that incorporate
communication and monitoring resources for the
student and the teacher (Mendoza 2016). It is
important to know the main factors for the use of
platforms, the diversity offered by the network
and the characteristics between one and another.

In 2019 in the Instituto Tecnoldgico de
Oaxaca (ITO), Educational platforms were used
to offer courses or diplomat for teachers, on the
other hand, some teachers used LMS platforms
when teaching their classes, however, it was not
mandatory to work with them. Based on the
study carried out, the Moodle platform was
recognized as the most used among students and
teachers.

This work reflects the usability analysis
of the platforms LMS: Edmodo, Schollogy and
Moodle in teachers and students register in the
nine careers, during the period January-June
2019. The hypothesis to be demonstrated is: The
low usability of the LMS platforms (Moodle,
Schollogy and Edmodo) by ITO students and
teachers, allows the creation and proposal of the
process for good practices. Because of that, this
work covers the following topics: Problem
Statement, Theoretical Framework,
Development Methodology, Preparation of
surveys, Results of surveys, Conclusions,
Acknowledgments and References.

Problem statement

Pineda, 2003 cites that TIC are the means to
generate knowledge and facilitate entry to the
accumulation of information that is available
today with the use of the network. In Higher
Education Institutions, the use of distance
learning techniques (online) is more and more
frequent, in some institutions, this learning has
completely replaced the classic courses (Umek
etal., 2015).
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The ITO in the year 2017 registers an
enrollment of 6,840 students enrolled in the
careers: Industrial Engineer, Electrical Engineer,
Electronic  Engineer, Computer  Systems
Engineer, Chemical Engineer, Mechanical
Engineer, Civil Engineer, Engineer in Business
Management and Bachelor of Administration, at
that time, 253 workers have teaching positions.
Being a Higher Education Institution in
continuous improvement, it incorporates the use
of Moodle as a teaching-learning strategy.

In contrast, the population that uses LMS
platforms is unknown, however, information
collected from the Computer Center tells us that:
100% of the population has access to the
internet, officially since 2008 the Moodle
platform has been used, the careers they use
most frequently are: Industrial Engineer,
Chemical Engineer and Computer Systems
Engineer. The total number of teachers and
students using Moodle is ignored. On the other
hand, there is an initiative to increase the use of
Moodle through the inter-monthly courses
offered in the months of January and August of
each year.

The LMS allow the student to have
access to the virtual classroom and course
content at any time. For teachers it is allowed to
create a virtual classroom, organize the course
using tools such as: control, monitoring,
continuous  evaluation,  flexibility — and
effectiveness.

Theoretical framework

One of the characteristics of LMS Moodle is that
it is based on a constructivist approach to
learning, where students and teachers contribute
to the educational experience in various ways.
(Clarenc 2013).

In accordance with Enriquez L. (2004), “the
platforms” or Learning Management System
(LMS) are characterized by creating learning
environments based on tools such as:

- Course Catalog

- Registration system

- Self-assessment mechanisms

- Monitoring of student performance

- Digital libraries

- Statistics and information on courses and
students
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- Support for learning communities,
among others.

Clarenc (2013) cites that there are eight
characteristics that E-learning platforms must
meet:

- Interactivity

- Flexibility

- Scalability

- Standardization
- Usability

- Functionality

- Ubiquity

- Persuability

LMS Moodle

Ramirez (2010) states that Moodle is a Resource
Management System, an online tool for teachers
that allows you to create dynamic Web sites for
your students. It has tools to create online
learning communities where there is continuous
(virtual) communication. Figure 1 shows the
Moodle - ITO platform.

Platatorma Moodie - Tecnoldgico Nacional de México/Instituto Tecnolégico de Oaxaca
=

Figure 1 Moodle — ITO platform
Source: http://moodle.itoaxaca.edu.mx

Based on ANUIES (2018) in the study:
“Current  state  of  Information  and
Communication  Technologies in  Higher
Education” 144 institutions were surveyed. The
product used by Higher Education Institutions
as a Virtual Learning platform is 77%, where 3
out of 4 HEIs surveyed use MOODLE as a
Virtual Learning Platform.

LMS Schollogy

Ocampo (2014) cites that the educational
platform Schollogy offers tools necessary to
manage an online classroom, through an
interface similar to a social network. This
platform offers services such as: managing
courses,  students,  resources,  activities,
discussion forums, etc.
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It also has a mobile application that
allows the student and teacher to operate the
platform from a mobile device. The Schollogy
platform is shown in Figure 2.

U9 sehoniony - — -t —

Advance What's
Possible

Figure 2 LMS Schollogy platform
Source: https://www.schoology.com/

LMS Edmodo

Lépez, Flores & Gonzéalez (2012) mention that
Edmodo is one of the social learning platforms
and without cost, safe for students, teachers and
families. Groups, data and assignments are
created in it in a structured way. Figure 3 shows
the Edmodo platform.

Emefo mar, Aprends mat
e e T L L S P

D e L ALl o L

Figure 3 Edmodo LMS platform
Source: https://www.edmodo.com/

Other examples of LMS platforms are:

- Canvas LMS

- Chamilo LMS

- Sakai

— eDucativa

- Google Classroom
- Neo LMS

Usability

It has to do with the way an element is used (tool,
electronic device, program, interface, etc.), it is
the ease of using it, allowing it to do what is
needed. Software usability is the ease for users
to use a software application. (Enriquez, 2014).
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Nielsen (1992) mentions that usability
has five attributes:

- Ease of learning. Identify how easy it is
to learn the basic functionality of the
system.

- Efficiency. Seeks the maximum speed of
completion of user tasks.

- Remember in time. It is essential to use
the system without the need to learn its
operation from scratch each time.

- Error rate. It is the number of errors made
by the user while performing a certain
task.

- Satisfaction. It is the subjective
impression that the user has of the
system.

Development methodology

The research method was field because
information about the object of study was
collected, processed and analyzed, in this case
being two objects: students and teachers. The
methodology used was from Hernandez (2010)
with adjustments resulting in Figure 4.

Figure 4 Phases of methodology
Source: Metodologia de la investigacion (Sampieri,2010)

Problem statement: In this phase, the
LMS platforms used in the ITO, the areas or
departments involved in their use, are analyzed.
Definition of objectives: General and specific
objectives of the research are established, among
them is to identify, classify and analyze the use
of LMS used by ITO students and teachers.
Elaboration of the theoretical framework: The
definition of LMS and characteristics are taken
into account. The Moodle, Schollogy and
Edmodo platforms, advantages, disadvantages
and common aspects were analyzed. Preparation
and analysis of surveys: Surveys were applied to
teachers and students of the ITO to identify
which platform is the most used, usability of said
platforms, which personnel use the platforms the
most and why. Process design: The proposal is
designed through a procedure to increase the
usability of the LMS Moodle platform.
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The research was carried out with
students and teachers from the January-June
2019 school semester, a random sample of 5%
of a total of 6,000 students was considered; for
the case of teachers out of a total of 253, the
random sample of 5% was considered. During
the design of the research, information was
collected from students and teachers through a
survey considering the variables: LMS and
usability. To prepare the survey, demographic
data were considered: position (student,
teacher), sex, age, enrolled semester, department
of assignment, schooling and profession.

The operationalization of the variables
was also carried out, Figure 5.

[ Conocintices
de LMS

Facitad 0 Tial e palorma, [Pkl CORRIRTES |\ Lo e oy, o

Figure 5 Operationalization of variables
Source: Own elaboration

Preparation of surveys

Two main pages were analyzed for the survey
management Survey Monkey® and Google
Forms, Figure 6 shows the characteristics of the
two applications..

L . i M. M. Tipos de
Aplicacidn | Gratuita] Planes
preguntss | respuestas | preguntas
Estémadar L Mimitade |15 tipos
imitade o |
. —_— para cada | de
SuverMonkey Mo |Avanzade para cada .
ino de ol tipo de preguntas
O reeTh Tipsr e prlan -
Premier ; ¥ plan diferentes
O tipos de
Google Forms S Winguno [limitade | Himitado | preguntas
diferentes

Figure 6 Operationalization of variables
Source: Own Elaboration

To carry out the surveys to students and
teachers, Google Forms was used with an
academic account.
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Figure 7 Survey design
Source: Own Elaboration

Some questions from the survey were:

| identify LMS platforms such as: Moodle,
Schollogy or Edmodo.

Strongly disagree

In disagreement

Neither agree nor disagree
Agree

Totally agree

| believe that LMS platforms complement face-
to-face teaching.

Strongly disagree

In disagreement

Neither agree nor disagree
Agree

Totally agree

I like to learn on the LMS Moodle platform,
through forums, online exams, videos, practices,
etc.

Strongly disagree

In disagreement

Neither agree nor disagree
Agree

Totally agree

The teacher can better organize the contents of
one or more subjects in the LMS platforms.

Strongly disagree

In disagreement

Neither agree nor disagree
Agree

Totally agree

On the other hand, with the IBM SPSS
program the Descriptive Statistical Analysis of
Frequencies was carried out, generating bar and
sector graphs.
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Survey results
The time that teachers and students spend

connected to the Internet is 3 to 4 hours as shown
in Figure 8.

Figure 8 Daily hours connected to the internet
Source: Own Elaboration

Of the teachers and students surveyed,
75% are not currently enrolled in an LMS, as
shown in Figure 9.

Figure 9 Registered in platform LMS
Source: Own Elaboration

Figure 10 shows the platforms that were
used at least once during a certain course, with
Moodle predominant with 62% followed by
Edmodo with 27% and Schollogy with 8%.

Figure 10 Platforms used at least once in a course
Source: Own Elaboration
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Regarding the ease of use of the
platforms, the results of the surveys indicate that
Moodle is easier to use with 56%, followed by
Edmodo with 34% and Schollogy with 8% as
indicated in Figure 11.

-
=3
i

Porcentaje
w
<
1

T T T ¥
Classroom fdmodo Moodie Ninguno Schollogy tocdos Ucemy

Figure 11 Easy to platforms
Source: Own Elaboration

For good practices in the Use of LMS,
the process in Figure 12 was developed for the
use of LMS platforms.

PROCESO USO DE PLATAFORMA LMS

ENTRADA:
Matricularse Identificacién Navegacion || Enviode
en LMS de contenidos por el curso actividades

T

J
SALIDA:
Calificacion en el

LMS {Actividades
concluidas)

Figure 12 LMS use platform process
Source: Own Elaboration
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Conclusions

The transformations in school education are
changing the relationship between the teacher
who teaches, the students who learn and the
contents that are the object of teaching and
learning, configuring new spaces and
educational scenarios that are increasingly
influential and decisive in the processes of
development and socialization, forcing a critical
review of the functions and purposes of
education.

During this transformation, educational
platforms emerge that support the student to
learn in a constructivist way. In this sense, this
research reflected the analysis of Moodle,
Edmodo and Schollogy Learning Management
System (LMS) platforms.

In the research, it was detected that
85.33% of the respondents have a desktop or
laptop with an Internet connection and the
number of hours per day that ITO students and
teachers spent connected to the Internet is two to
three hours, which would not be a limitation to
use LMS platforms. On the other hand, it was
detected that there is low knowledge of the
platforms, the ITO has used the LMS Moodle
platform since 2008, but only 15% of teachers
use it with their students.

The LMS used by students and teachers
of the TecNM campus Instituto Tecnoldgico de
Oaxaca were identified and classified, the
percentage that use said ICT as a teaching-
learning strategy was analyzed and determined.

This research tests the theory of
constructivism where students and teachers
build their own knowledge and its meaning from
access to LMS platforms.
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The information collected in the survey
applied to students and teachers of the TecNM
campus Instituto Tecnologico de Oaxaca is
protected in accordance with the Federal Law on
Protection of Personal Data Held by Private
Parties (LFPDPPP).

Currently, the use of the LMS Moodle platform
has increased by more than 50%, from 1 to 5
courses were created for each teacher, students
from different careers entered to carry out the
different activities requested. It is worth
mentioning that at the same time three diplomas
are offered for teachers through the Moodle
platform.

During the health contingency due to
coronavirus COVID-19, 800 courses (groups)
were created on the LMS Moodle platform to be
used by students and teachers.
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