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Abstract

The present study aims to carry out a projection of
student burnout risk detection in young university
students using Machine Learning technics (Neuronal
Networks, KNN, SVM, Random Forest). A descriptive
method was proposed, with a cross-sectional and
stratified design in which a sample of 791 students from
4 different universities. This study opens up an
innovative field of research by integrating resources from
psychological evaluation and virtual resources, in
addition, it would allow the generation of preventive
actions to treat various implications of Burnout in school
dropout and low academic performance through the
analysis of information and the generation of algorithms
that allow the projection of burnout risk. Due to the
combination of experience of professionals in
psychology, education and engineering, as well as the
contribution to the projection of a syndrome that affects
students, makes this article an innovative proposal.

Academic Burnout, Machine Learning, Students

Resumen

El presente estudio tiene por objeto realizar una
proyeccion de deteccion de riesgo de burnout estudiantil
en jovenes universitarios utilizando algoritmos de
Machine Learning (Neuronal Networks, KNN, SVM,
Random Forest). Para esto se plante6 una metodologia de
tipo descriptivo, con un disefio de corte transversal y
estratificado en la que se toma una muestra de 791
estudiantes de 4 diferentes universidades. Este estudio
abre un campo de investigacion innovador al integrar
recursos de la evaluaciéon psicoldgica y de recursos
virtuales, ademas de que permitiria generar acciones
preventivas para tratar diversas implicaciones del
Burnout en la desercion escolar y el bajo rendimiento
académico a través del analisis de informaciéon y la
generacion de algoritmos que permitan realizar la
proyeccion de riesgo de burnout. Por la conjuncién de
experiencia de profesionales de la psicologia, de la
educaciéon y de ingenieria, asi como el aporte a la
proyeccion de un sindrome que afecta a los y las
estudiantes, hace de este articulo una propuesta
innovadora.

Burnout académico, MaAaquinas de aprendizaje,
Estudiantes
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Introduction

The 2005 World Report of the United Nations
Educational, Scientific and Cultural
Organization (UNESCO), entitled "Towards
knowledge societies” indicates that the new
information and communication technologies
have created the conditions for the emergence
of knowledge societies (Forero de Moreno,
2009). In the current context, technology
provides different possibilities to solve
problems regarding the collection and analysis
of information in the development of research,
which range from google forms to the most
sophisticated tools in quantitative analysis such
as SPSS, R, Mintab, Stats and Excel, among
others.

We see that technological advances can
be a good support in the development of
research, from the structuring of instruments,
gathering information, to the systematization
and analysis of data. It has been reported by
several studies in different countries and in
Mexico a syndrome that affects students,
Burnout has been defined as a “loss of energy
sources of the subject, so it can be defined as a
combination of physical fatigue, emotional
fatigue and cognitive fatigue (Rosales Ricardo
& Rosales Paneque, 2013, p. 340).

In the academic field, young university
students present difficulties that affect the
phenomenon of academic abandonment and
that are associated with high stress loads during
their training process and that, in addition to the
presence of avoidance or escape behaviors, in
addition to feelings of not being able to give
more of themselves, among others, make up the
so-called academic burnout syndrome (Rosales
Ricardo & Rosales Paneque, 2013).

The measurement of Burnout has been
given through various studies and instruments,
including scales, questionnaires, inventories,
and others. Among these we can find the
Maslach Burnout Inventory Student Survey or
MBI-SS (Schaufeli, et al, 2002;) adapted from
the Maslach Burnout Inventory General Survey
(Maslach & Jackson, 1981); the Emotional
Tiredness Scale or ECE (Ramos Campos, et al,
2005); the Engagement Scale (Caballero
Dominguez, et al, 2006); and The
Unidimensional Scale of Student Burnout or
EUBE (Barraza Macias, 2011) among others.
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Academic burnout, in education, is
reported by Caballero (Caballero Dominguez,
et al, 2012) who proposes that it be considered
as a good predictor of the concurrence of
anxiety symptoms, and to a lesser degree,
depression, and that it is feasible constitutes a
risk factor for the development of major
conditions of mental disorder, especially
clinically significant anxiety.

Therefore, Burnout is a variable that
impacts the educational system, its study and
deepening provide useful elements to
institutions and in general to the educational
system to generate strategies, programs and
actions that support its reduction and have a
favorable impact on permanence and education.
academic  performance of the student
population.

This article presents the conjunction of
the knowledge that intelligent systems
contribute to the sciences of education, to
project possibilities of suffering Burnout in the
student population, which will allow to
anticipate and generate preventive actions that
avoid affectations in the academic trajectory.

Machine learning, translated into
Spanish as “machine learning”, is a field
derived from artificial intelligence that broadly
consists of developing processes that allow
machines to learn autonomously. Machines
learn on their own from a set of data that an
instructor first enters and then corrects
manually. It is throughout this process that the
computer extracts information that it transforms
into knowledge based on experience (Siegel,
2013).

In the present work, an analysis of
different algorithms is generated that, based on
the data obtained from the application of the
EUBE instrument (Barraza, 2011) in four
universities, allows us to analyze the predictive
power that will define the most appropriate
algorithm for the projection of Burnout in the
higher education student population.

The following algorithms are applied:
neuronal networks, random forest, support
vector machine and KNN (k-Nearby
neighbors).

LARA-GONZALEZ, Luis Rey, DELGADO-LUNA, Martha Angélica,
DE LEON-GALVAN, Beatriz Elena and VENEGAS-GUERRERO,
José Carlos. Comparison of Machine Learning algorithms for the
Burnout projection. ECORFAN Journal-Democratic Republic of
Congo. 2021
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Software used
Rstudio

RStudio is an integrated development
environment (IDE) for the R programming
language, dedicated to statistical computing and
graphics. It includes a console, syntax editor
that supports code execution, as well as tools
for plotting, debugging, and workspace
management.

R is a programming language used as
software for statistical computing, which does
not have a graphical interface, that is, when
pressing a button in the RStudio environment
which was developed for programming with
this R language, it does not display a menu or a
pop-up window. What makes this statistical
analysis program so widely used is that it is free
software and its codes are open, that is, they are
available to any user (Celis, 2020).

For this analysis, machine learning tools
were used using the R language libraries and
algorithms, these algorithms are explained
below.

The Neuronal Networks algorithm

Neural networks or also called annexation
systems are an algorithmic model that is based
on a large set of simple neural units, called
artificial neurons, in a way that is very similar
to the behavior of the axons of neurons that any
biological organism has. Each neuronal unit
connects with many others and the links
between them can increase or inhibit the state
of the neurons that are adjacent to it.

Each individual neuronal unit operates
using addition operations. There may be a
limiting function, a threshold function at each
of the connections in the unit itself, so that the
signal can pass a limit before propagating to
another neuron.

Random Forest Algorithm

A Random Forest model is made up of a set
(ensemble) of individual decision trees, each
trained with a random sample extracted from
the original training data by bootstrapping. This
implies that each tree is trained with slightly
different data.
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In each individual tree, the observations
are distributed by bifurcations (nodes)
generating the structure of the tree until
reaching a terminal node. The prediction of a
new observation is obtained by adding the
predictions of all the individual trees that make
up the model.

The Support Vector Machine (SVM)
algorithm

The classification-regression method Vector
Support Machines (SVMs) was developed in
the 90's, within the field of computational
science. Although it was originally developed
as a binary classification method, its application
has been extended to multiple classification and
regression problems. SVMs have turned out to
be one of the best classifiers for a wide range of
situations, which is why it is considered one of
the benchmarks in the field of statistical
learning and machine learning.

The KNN algorithm:

KNN (K-Nearest Neighbors, K-Neighbors)
algorithm is one of the most popular
neighborhood-based classifiers in  machine
learning (Kataria and Singh, 2013), given its
simplicity and efficiency in detecting and
classifying elements into categories. The
parameter k in KNN refers to the number of
neighbors with which the belonging to a
category is defined, this parameter is usually
determined empirically, depending on the
problem it is tested with different values of K,
choosing the parameter with the best
performance in precision. The operation of the
algorithm is based on calculating a distance
matrix between all the points of the training
dataset.

It is a supervised learning algorithm,
that is, from an initial data set its objective will
be to correctly classify all new instances. The
typical data set for this type of algorithm is
made up of several descriptive attributes and a
single objective attribute (also called a class)
(Ad Tech & Analytics, 2017). The objective of
this study is to determine the most powerful
algorithm to project Burnout in university
students. Therefore, the central hypothesis that
guides this research is that there is an algorithm
that predicts the projection of presenting
Burnout in university students above 95%.

LARA-GONZALEZ, Luis Rey, DELGADO-LUNA, Martha Angélica,
DE LEON-GALVAN, Beatriz Elena and VENEGAS-GUERRERO,
José Carlos. Comparison of Machine Learning algorithms for the
Burnout projection. ECORFAN Journal-Democratic Republic of
Congo. 2021
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In the presentation of the article, the
methodology is developed where the steps that
were followed for the development of the
present study are specified, results where the
predictive percentages of each of the algorithms
are described, the discussion of the results,
where the point out approaches derived from
the results and the confirmation or not of the
hypothesis. Finally, in the conclusions, the
contribution of the present investigation is
planned as well as some lines of investigation.

Methodology

All projects have a life cycle; that is, its
realization comprises a series of logical stages
that begins with the formulation of the original
idea and the development of an activity plan,
continues  with  the identification and
verification of the capacities and needs of the
interested parties and, finally, It comprises the
design, implementation and evaluation stages.
(Rice and Salinas, 1997).

Proposed model

Frame the

problem, know Communicate

' the results
the business.

) Model and
Acquire and evaluate the

clean data data
Acquire and Explore the

clean data data

Figure 1

A scale created and validated by Dr.
Arturo Barraza and collaborators (Barraza,
2008) of the Pedagogical University of
Durango was applied, it consists of 15 items
and reports a reliability level of 91 in
Cronbach'’s alpha and 90 in reliability by halves
according to the Spearman-Brown formula.
This instrument measures the level of physical,
emotional and cognitive exhaustion (Barraza
Macias, 2011).
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Due to its distinctive characteristics, the
scale can be defined as self-descriptive
(Anastasi & Urbina, 1998, in Barraza Macias,
2011) and domain-specific (Hogan, 2004, in
Barraza Macias, 2011). It is an instrument that
can be applied in any type of population, which
makes it currently one of the most widely used
instruments in Mexico and recovers the one-
dimensional perspective of burnout (Rosales
Ricardo & Rosales Paneque, 2013).

For the systematization and analysis of
the information, a data structure was taken that
consisted of 791 samples obtained from the
application of the instrument by Arturo Barraza
et al. (2008), a total of 15 questions; each
question is answered with these possible
options “never, sometimes, almost always and
always. The following figure shows an example
of questions 12, 13, 14, and 15; The column
"conclusion_b1" indicates the Burnout level
that the respondent presents. In other words, the
rows represent the respondents, and the
columns represent each of the questions (b1 1
.. b1_15) questions asked with their respective
answer and the last column (Conclusion.bl)
shows the level of Burnout presented by the
respondent (“never , sometimes, almost always
and always).

bl 12 bl 13 bl 14 | bl 15 | Conclusion.bl

Never | Never | Usually | Never Does not present

Never | Never | Never | Sometimes | Does not present

Never | Never | Never | Never Does not present

Never | Never | Never | Never Does not present

Results

Below is the application of each of the
algorithms.

Random Forest algorithm

It implements the Breiman Random Forest
algorithm (based on the original Fortran code
from Breiman and Cutler) for classification and
regression.

data = 791 = total sample

Training = 70% of the data

Ntree = Number of trees to grow. This should
not be set to too small a number, to ensure that
each input row is predicted at least a few times.
ntree = 500

target = conclusion.bl

target = conclusion.bl

LARA-GONZALEZ, Luis Rey, DELGADO-LUNA, Martha Angélica,
DE LEON-GALVAN, Beatriz Elena and VENEGAS-GUERRERO,
José Carlos. Comparison of Machine Learning algorithms for the
Burnout projection. ECORFAN Journal-Democratic Republic of
Congo. 2021



5

Article ECORFAN Journal Democratic Republic of Congo

model = randomforest
independent_variables, target, ntree)
Pred = generic function for predictions from the
results of various model fitting functions.

Pred = (model, 30% remaining data, “class”);
class is the type of algorithm applied.

(Training,

The result is as follows:

'Projection

Current Mild | Moderate | Does not present

Mild 66 0 6

Moderate 0 0 0

Does not present 2 0 162
Table 2

The algorithm predicts 66 cases
correctly in the “SLIGHT” value, having a total
of 6 non-projected errors. Also in the value
"NOT PRESENT" it manages to project 162
cases and a total of 2 errors.

Projection percentage = 95.9%
Support Vector Machine algorithm

SVM is used to train a support vector machine.
It can be used to perform general classifications
and regressions (nu and epsilon), as well as to
estimate density. A formula interface is
provided.

Training = 70% of the data

target = conclusion.bl

target = conclusion.bl

model = svm (independent_variables, target)
Pred = (model, 30% remaining data,)

The result is as follows:

Current Mild | Moderate | Does not present

Mild 63 0 9

Moderate 0 0 0

Does not present| 11 0 153
Table 3

The algorithm predicts 63 cases
correctly in the value "SLIGHT", having a total
of 9 non-projected errors. Also in the value
"NOT PRESENT" it manages to project 153
cases and a total of 11 errors.

Projection percentage = 91.5%

ISSN 2414-4924
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K-Nearest Neighbor Classification algorithm

k-nearest neighbor classification for the test set
of the training set. For each row of the test set,
the k closest training set vectors are found (in
Euclidean distance) and the ranking is decided
by majority vote, with randomly broken ties. If
there are ties for the k-th closest vector, all
candidates are included in the vote.

KNN requires that the independent or
predictor variables be numeric. And the
dependent variables or what | want to classify is
a category.

Training = 50% of the data

Temporary = remaining 50% of Training data
Val = 50% of Temporal

Test = 50% of the rest of Temporal

Pred = knn (Training (independent_variables),
Val, Training (category_variable, k = 1)

k=1
Current Mild | Moderate | Does not present
Mild 51 0 10
Moderate 0 0 1
Does not present| 10 0 127
Table 4
k=2
Current Mild | Moderate | Does not present
Mild 49 0 12
Moderate 0 0 1
Does not present| 10 0 127
Table 5
k=3
Current Mild | Moderate | Does not present
Mild 49 0 12
Moderate 0 0 1
Does not present 7 0 130
Table 6

Looking for the suitable value of k for
the algorithm, we find that:

LARA-GONZALEZ, Luis Rey, DELGADO-LUNA, Martha Angélica,
DE LEON-GALVAN, Beatriz Elena and VENEGAS-GUERRERO,
José Carlos. Comparison of Machine Learning algorithms for the
Burnout projection. ECORFAN Journal-Democratic Republic of
Congo. 2021



6

Article ECORFAN Journal Democratic Republic of Congo

k=4
'Projection
Current Mild | Moderate | Does not present
Mild 54 0 7
Moderate 0 0 1
Does not present 5 0 132
Table 7

The algorithm predicts 54 cases
correctly in the “SLIGHT” value, having a total
of 7 non-projected errors. Also in the value
"NOT PRESENT" it manages to project 132
cases and a total of 5 errors.

Projection percentage = 93.9.%
Neural Networks Algorithm

Training = 70% of the data

size = relation to input variables = 15

maxit = maximum convergences = 10000
decay = weight drop parameter = 0.001

range = range of initial weights close to 1 =
0.25

model = nnet (independent_variables, Training,
size, maxit, decat, range)

Pred = (model, 30% of the remaining data)

It should be noted that this algorithm
uses more computational processing time
compared to other algorithms seen.

The result is as follows:

Current Mild | Moderate | Does not present

Mild 60 1 11

Moderate 0 0 0

Does not present| 20 0 144
Table 8

The algorithm predicts 60 cases
correctly in the value "SLIGHT", having a total
of 12 non-projected errors. Also in the value
"NOT PRESENT" it manages to project 144
cases and a total of 20 errors.

Projection percentage = 86.8%
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Results and conclusions

The study of Burnout becomes relevant in
higher education institutions, since these are
usually highly stressful places. In these
academic spaces, students face a series of
demands on a daily basis that, under their own
assessment, constitute stress-generating
situations, which, being prolonged and
frequent, can lead to burnout (Rosales Ricardo
and Rosales Paneque, 2013).

Along with academic burnout, it is a
good predictor of the concurrence of symptoms
of anxiety, and to a lesser degree, depression, so
it can become a risk factor for the development
of major conditions of mental disorder,
especially of clinically significant anxiety
(Caballero (2012). Therefore, young university
students may present difficulties that affect the
phenomenon of academic abandonment
(dropout) that is associated with high stress
loads or as a consequence of presenting
exacerbated symptoms of anxiety or depression
during their training process In this sense, this
research has an impact on the educational
quality of Higher Level Institutions, particularly
on the indicators of educational lag and
terminal efficiency.

Although machine learning algorithms
have advanced for years, it has only been used
recently for behavioral sciences (DelPozo-
Banos et al., 2018). For example, these
algorithms are used in computational psychiatry
to improve the diagnosis of mood disorders:
stress (Silva et al., 2020), depression (Webb et
al., 2020), and suicidal tendencies (Kessler et
al., 2015 ), allow possibilities of obtaining
detailed knowledge about diseases, disorders.
These methods are important because they
allow you to analyze data from different
sources. For example, Kaczor and his
colleagues used machine learning techniques to
detect stressful situations using digital sensors
used by emergency medicine physicians and a
self-assessment questionnaire (Kaczor 2020).

The application of the algorithms allows
us to project the Burnout results based on a
percentage of the data (70%) which is taken as
training data and the rest of the data (30%) are
taken to make the prediction by applying the
machine learning algorithms.
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Collecting the results of each of the
algorithms used, we have:

Algorithm % from Chosen one
Projection
Random Forest 95.9% | X
KNN 93.9 %
SVM 91.5%
NNET 86.8 %
Table 9

It is observed that the algorithm with the
highest percentage of predictive result is that of
Random Forest with a 95.0% projection
percentage with respect to the data provided
based on the survey carried out.

Future work, since the type of input
variable for all algorithms is categorical,
remains to adjust the input parameters (size,
maxit, decat, range) of the Neural Networks
(NNET) algorithm, because Only settings that
are suggested in the parameters of said
algorithm were used, with the aim of analyzing
whether it is possible to improve the prediction
percentage.

There are other data from the
respondents that were not taken into account in
this research, such as age, gender, the study
period in which data collection was applied, so
future work would be to integrate these data as
independent variables to provide greater
elements for decision-making and
characterizations of the academic burnout.

This study, then, could allow a
projection of student burnout at the university
level to be carried out and in this way generate
strategies and actions focused on its prevention
and / or intervention, for example, through
Tutoring programs, which represent an element
important innovator of Educational Quality and
that contribute to “reduce dropouts and lag in
higher education” (Romo Lépez, 2011, p. 76)
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Abstract

This work exposes the conditioning of the zenith
greenhouse of the Polytechnic  University  of
Aguascalientes for its conformation as a high-tech entity,
through the adaptation of sensors, actuators and a
controller, which ensure the supervision of the
environmental conditions inside, mainly established by
the variables of temperature and humidity. The
development and application of a computer graphical
interface is presented as an intuitive tool for monitoring
and controlling the field devices used, and therefore, the
environmental conditions provided or recorded from their
activation. Likewise, the use of the open communication
standard OPC is demonstrated as an alternative for
effective interaction between the LabVIEW software,
from which the management interface was developed,
and the PLC, used as the system controller. The results
achieved provide proof of the adequate operation of the
devices adapted in the greenhouse installation, the
compilation of the information associated with the
performance of their task and the manipulation of their
operation or reading, from the graphical interface
developed for this purpose.

High-tech  greenhouse, Programmable  logic
controller, Graphical interface for management

Resumen

Este trabajo expone el acondicionamiento del
invernadero cenital de la Universidad Politécnica de
Aguascalientes para su conformacién como un ente de
alta tecnologia, a través de la adaptacion de sensores,
actuadores y un controlador, que aseguren la supervision
de las condiciones ambientales al interior, principalmente
establecidas por las variables de temperatura y humedad.
Se presenta el desarrollo y la aplicacion de una interfaz
grafica por computadora como una herramienta intuitiva
para el monitoreo y control de los dispositivos de campo
empleados, y por ende, de las condiciones de entorno
aportadas o registradas a partir de su activacion.
Asimismo, se demuestra el uso del estdndar de
comunicacion abierta OPC, como una alternativa para la
interaccion efectiva entre el software LabVIEW, a partir
del cual fue desarrollada la interfaz para gestion, y el
PLC, utilizado como controlador del sistema. Los
resultados alcanzados brindan constancia de la adecuada
operacion de los dispositivos adaptados en la instalacion
del invernadero, la recopilacion de la informacion
asociada al desempefio de su tarea y la manipulacién de
su operacion o lectura, desde la interfaz grafica
desarrollada para tal fin.

Invernadero de alta tecnologia, Controlador légico
programable, Interfaz gréafica para gestién
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Introduction

The state of Aguascalientes is characterized by
having a temperate semi-dry climate in about
80% of its territory, with a dominance of semi-
arid soil (De la Cerda Lémus, 2011); Despite
this, agriculture constitutes one of the main
economic activities in the state, to which
around 14% of its surface is allocated (CPLAP,
2019). The most widely used cultivation system
is temporary, with 84% of the territory
occupied; which portrays the climatic
dependence of agricultural practice in the state,
which together with the scarce sources of
financing and the lack of technological
application, have limited the evolution of the
production and commercialization of the crops
obtained (Borja Bravo, Rodriguez Licea, Osuna
Ceja, & Ldpez Aguilar, 2016).

The practice of protected agriculture,
from the introduction of greenhouses, has
recently been adopted by producers of the
entity; with a rapid acceptance and expansion,
from 87.1 hectares destined in 2013 to 102.8
hectares in 2015 (SIAP, 2015). Currently, this
option of cultivation is present in all the
municipalities of the state, being Pabellén de
Arteaga, Calvillo and San Francisco de los
Romo those that concentrate about 50% of the
total production, consisting mainly of red
tomato, seedling and strawberry (SIAP , 2014).

Therefore, this agricultural scheme
raises the need to diversify the production of
vegetables, in  search of  promoting
technological development that allows efficient
cultivation systems, in order to guarantee
greater production and quality (Borja Bravo,
Rodriguez Licea, Osuna Ceja , & LOpez
Aguilar, 2016).

Thus, the preservation of environmental
conditions inside a greenhouse is essential for
the proper development of the crops produced
under this scheme (Cayli, 2020). A large
number of variables determine the growth of
the plant in the confined space, however, those
with greater dominance are usually associated
with the surrounding climate (Ghani, et al.,
2019), established mainly by temperature
(Baglivo, et al., 2020). ) and humidity (Amani,
Foroushani, Sultan, & Bahrami, 2020).
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Thus, the adaptation of technological
means and devices that allow the monitoring
and regulation of the magnitude acquired by
such variables, will promote their establishment
at optimal values, depending on the type of
crop that is owned or desired to be produced
(Iddio, Wang , Thomas, McMorrow, & Denzer,
2020).

Background

The Polytechnic University of Aguascalientes
has two greenhouses located east of Building 4;
of these, the exposed intervention was applied
in the greenhouse with the largest dimension,
which is of the zenith type (figure 1). It is worth
mentioning that the physical installation of this
greenhouse had to be rehabilitated in its
entirety, since it was in disuse. And, since the
conditions of the deterioration suffered during a
considerable period without functionality were
highly evident, it was necessary to cover the
structure with plastic, as well as the placement
of actuators to perform the functions of heating,
air recirculation and operation of the Windows.

Figure 1 Zenith greenhouse of the Polytechnic
University of Aguascalientes
Source: Own Elaboration, 2021

Inside the greenhouse, on most of the
isolated soil, some furrows were formed, as can
be seen in Figure 2. Such alignments will allow
the sowing and cultivation of different plant
species, whose physiological properties are
ideal for the tasks to be carried out in the
Research Laboratory of the university itself, on
which this facility depends, in its orientation
towards agricultural experimentation. Thus, in
order to facilitate the movement and
maneuvering of people inside the greenhouse,
as a support for the preservation of its function,
a corridor was enabled that crosses the confined
space throughout; which was later properly
constituted with cement.

RODRIGUEZ-FRANCO, Martin Eduardo, MALDONADO-RUELAS,
Victor Arturo, VILLALOBOS-PINA, Francisco Javier and ORTIZ-
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Figure 2 Interior of the zenith greenhouse
Source: Own Elaboration, 2021

The proposed organization of the
surface for cultivation in four quadrants and, of
these, in two areas (Figure 3), favored the
distribution of the devices used to cover the
entire installation; in addition, it will contribute
to the establishment of a certain space for the
sowing of a particular species, once in
operation. Likewise, the electrical wiring was
adapted, in proximity to the side walls of the
greenhouse, to provide an electrical supply to
the field devices that require it, or to guide the
information coming from them to a
concentrator. There was also a tank for storage
and supply of water to the irrigation system, as
well as a pressurizer, for dispersing and
applying it, in the form of steam, to the crops,
to complete the rehabilitated agricultural
facility.

2nd. Quadrant 4th. Quadrant

g :
l 2 Zone Zong Zone Zone |
| 5 A B A B
| 8 '
| 0 Corridor | 8m
v |
g Zone Zone Zone Zone |
& A 3] A B
u |
L 1st. Quadrant 3rd. Quadrant |
20m +

Figure 3 Organization of the space inside the greenhouse
Source: Own Elaboration, 2021

It was a priority of the present study to
combine the functionality of all the field
devices adapted to the interior of the
greenhouse, after its habilitation; through the
configuration of a central controller within the
installation itself.

ISSN 2414-4924
ECORFAN® All rights reserved

June 2021 Vol.7 No.12 9-18

Such a controller establishes
communication with a graphical computer
interface, developed for the management of the
components and equipment used in the
confined space; which is executed from a
nearby location, through serial communication.
It is worth highlighting the delimitation in the
preservation of the environmental conditions
inside the greenhouse, from the exclusive effect
of the temperature and humidity variables;
which tend to have greater dominance in the
environment surrounding the crop, determining
its optimal growth (Shamshiri, et al., 2018).

Installation of actuation devices

After fitting out the greenhouse, we proceeded
to install the devices that would affect any
change in the confined environment; which
leads to the preservation of specific conditions
for the proper development of the crops to be
introduced.  Although, there was an
environment isolated from the outside climate,
whose internal effect could be regulated by the
manual opening or closing of the windows,
which led it to be categorized as a low-tech
greenhouse, it was necessary to adapt devices
that allowed to reach a level of medium or high
technology; in accordance with the objectives
set for this intervention.

Under the proposed technological
variation scheme, the need to install elements
for the coordinated regulation of the main
environmental factors inside the greenhouse
was determined. Therefore, when these
conditions are established, especially due to the
variables of temperature and humidity, it was
necessary to consider components that allow a
homogeneous thermal distribution throughout
the confined space, supply water to the crops or
inject the appropriate dose of steam to the
environment.

This while providing feedback to the
user on the condition reached. It is worth
mentioning the use of the drip irrigation
technique to make the use of water more
efficient, by directing it effectively towards the
root of the plant. The elements considered for
the defined performance functions are listed in
table 1.
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Quantity Device

1 System energized indicator light.

1 System stopped indicator light.

1 System in operation indicator light.

4 Solenoid valve for activation of the irrigation
system.

1 Set of nebulizers for humidity regulation in
the environment.

4 Motor relays for driving the side windows.

1 Heater.

1 Air recirculator.

1 Pump for filling supply tank for irrigation
system.

Table 1 Actuation devices
Source: Own Elaboration, 2021

For activation and management of the
aforementioned devices, the electrical panel of
Figure 4 was adapted, in which the necessary
connections  converge to achieve such
functions. However, since the operation of each
actuator was originally carried out separately, a
different actuation, usually manual, was
available to enable each one; which highlighted
the lack of coordination between the multiple
elements, for the joint management of the
environmental conditions inside the
greenhouse. Only for the irrigation system was
there a timer that can govern its operation based
on schedules and time periods established by
the user.

Figure 4 Control panel interior
Source: Own Elaboration, 2021
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Adaptation of the perception system

From a perception system, the provision of
information related to the status of the control
elements and the condition of the environment
inside the greenhouse, encourages the decision-
making process on the parameters that need to
be modified to achieve an environment that
contributes to the development of crops.
Therefore, from the data collected from the
confined environment, it is possible that the
contemplation of the actions to be carried out
may be left to an operator, or it may be carried
out automatically by the system controller
itself, as considered. .

Because the functionality of the
greenhouse will largely depend on the
magnitudes of temperature and humidity
registered indoors, the need to identify the
index of the first variable in the environment
surrounding the crops is established; while the
second variable can be measured both in the
environment and in the soil, in proximity to the
root of the plant. Likewise, other elements are
considered that allow the activation or
suspension of the central control task, the
activation of the side windows of the
greenhouse and the verification of the water
content in the tank that supplies the irrigation
system. The devices considered for the
recording of the described signals are shown in
Table 2.

| Quantity Device
4 Analog sensor of temperature and humidity
in the environment surrounding the plant.
8 Analog soil moisture sensor close to the

root of the plant.

System stop button

System start button

Selector for activating side windows

L

Water level sensor in the tank to supply the

irrigation system.

Table 2 Perception devices
Source: Own Elaboration, 2021

Process controller integration

Once the devices for recording information
related to the condition of the process had been
contemplated, as well as those that affect the
change in its present operating state, a
controller was selected that would concentrate
the action of both types of elements, to
automate greenhouse function.
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Being possible to develop a proposal
that promotes the application of a variety of
devices, but ensuring that their functionality is
not compromised by exposure to an
environment of high humidity and prone to
corrosion or electric shock; so the use of a
programmable logic controller (PLC) is chosen
as the brain of the process.

An Allen Bradley brand Micrologix
1500 PLC (Figure 5), has been considered as
manager for the automation of the greenhouse;
it is a device with 12 digital inputs and 12
digital outputs. The inputs can be configured to
sink or source, depending on the type of sensor
or element used, while the outputs are to relay,
which does not condition the use of any
particular magnitude or type of electrical
supply; which will depend on each device to
connect. Communication with the PLC, for its
programming, management or data exchange, is
possible through the use of two serial ports,
mindin and DB9, arranged. While the use of
expandable modules extends the functionality
of the PLC, by adding a greater number of
analog or digital inputs and outputs, as needed.

@

HHI

A—- 2 -
‘\ e

Figure 5 PLC Micrologix 1500 Allen Bradley
Source: www.rockwellautomation.com, 2021

In this case, the adaptation to the PLC of
different 1769-1F4XOF2 expansion modules,
also of the Allen Bradley brand, was required,;
This module is shown in Figure 6. The function
of this device is the interpretation of the
information coming from the temperature and
humidity  sensors arranged inside the
greenhouse, whose signal emitted is analog. In
total there are 12 entries of this type, divided
into three required modules.
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Each module is equipped with four
inputs with a reading range, in voltage from O
to 10 V and in current from 0 to 20 mA, and
two analog outputs from 0 to 10 V; at 16-bit
signed resolution in both cases. It is worth
mentioning that no analog output was used in
this application.

Figure 6 1769-1F4XOF2 Analog Input Module
Source: www.rockwellautomation.com, 2021

With regard to the action units to be
managed, which are exclusively digital, a total
of 15 outputs are counted to be used; between
devices for the preservation of the temperature
and humidity conditions inside the greenhouse,
as well as for the indication of the state of the
process. However, considering that the
proposed PLC only has 12 available spaces, it
was necessary to consider the use of a 1769-
OW16 expansion module, also from the Allen
Bradley brand, for the connection of the
remaining elements. This module, shown in
Figure 7, has 16 relay outputs; for which, as
with the PLC outputs, the connection of loads
in alternating current or direct current will be
indistinct.

.@M

Figure 7 1769-OW16 Digital Output Module
Source: www.rockwellautomation.com, 2021
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Having established the modules that will
house the physical inputs and outputs in
addition to those available in the PLC to be
used, it is proposed to organize them in tables 3
and 4, respectively.

In such tables, in addition to presenting
the number of devices related to a particular
function, they are assigned a specific address,
either of the PLC or of the module, to which
they will be connected to fulfill the
corresponding reading or writing task. It is
worth mentioning the indication of the location,
inside the greenhouse, of each of the sensors or
actuators used, based on the sectioning
previously proposed in Figure 3.

Analog sensor of | 1:11.0 (quadrant
temperature and humidity in | 1)
the environment | 1:11.1 (quadrant
surrounding the plant. 2)
1:1.2 (quadrant
3)
1:1.3 (quadrant
4)

8 Analog soil moisture sensor | 1:2.0 (quadrant
close to the root of the|1, section A)
plant. 1:2.1 (quadrant

1, section B)
1:2.2 (quadrant
2, section A)
1:2.3 (quadrant
2, section B)
1:3.0 (quadrant
3, section A)
1:3.1
(quadrant3,
section B)

1:3.2 (quadrant
4, section A)
1:3.3 (quadrant
4, section B)

1 System stop button. 1:0/0

1 System start button. 1:.0/1

1 Selector for activating side | 1:0/2
windows.

1 Water level sensor in the|l:0/3
tank for the irrigation
system.

Table 3 Description of inputs for the PLC
Source: Own Elaboration, 2021
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System energized indicator | 0:0/0
light.
1 System stopped indicator | O:0/1
light.
1 System in operation | 0:0/2
indicator light.
4 Solenoid valves for | 0:0/3 (quadrant
activation of the irrigation| 1)
system. 0:0/4 (quadrant
2)
0:0/5 (quadrant
3)
0:0/6 (quadrant
4)
1 Nebulizers for humidity | O:0/7
regulation in the
environment.
4 Motor relays for driving|0O:0/8 (window
the side windows. opening 1)
0:0/9 (window
closure 1)
0:0/10
(window
opening 2)
0:0/11
(window
closure 2)
1 Heater. 0:1/0
1 Air recirculator. 0:1/1
1 Pump for filling supply|0O:1/2
tank for irrigation system.

Table 4 Description of outputs for the PLC
Source: Own Elaboration, 2021

Description of outputs for the PLC
Source: Own elaboration, 2021

Since this implementation covers the validation
of the operation of the greenhouse intervened as
a high-tech entity, the communication system
for managing it from a computer was
provisional. This determination was made in
consideration of the fact that, given the
environmental conditions that will prevail
inside the greenhouse, once it is in operation, it
IS not advisable to manage its condition from
inside the installation itself, proposing the
adaptation of some means that enables timely
supervision of the variables to be analyzed and
the devices used, remotely. This mode of
management enables the continuity of this
work.

In this case, the tests for the operation of
the greenhouse were developed from the access
section, in which the environmental conditions
are isolated from those present in the main
space using a second door.
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In addition, if the functionality of the
controller is validated from the data acquired
from the sensors, the emission of the respective
signals to the actuators; as well as in the
performance of the tasks of sending and
receiving data from it to the computer used. It is
worth mentioning that for the tests carried out,
it was not necessary to invest a considerable
time that implied a prolonged exposure of the
computer equipment to the conditions even in
the isolated space.

Communication between the PLC and
the computer was established through a 1761-
CBL-PMO02 serial cable in conjunction with a
RS232-USB serial adapter. For its part, an
application developed from a virtual instrument
in LabVIEW software manages the variables of
interest within the greenhouse; this through the
presentation of the data acquired by the sensors
and the possibility of entering the values
destined for the actuators. Therefore, the
interaction between PLC and computer is
completed through the use of an OPC (OLE for
process control) utility. Figure 8 shows the
relationship between the elements of the
communication system developed.

Greenhouse

LabVIEW
Interface

RS232/USB

¢ OPC Server

—» PLC Computer

v 1

Expansion
Modules

==

Signal Conditioning Power Amplifier

f '

Sensors Actuators

Figure 8 Interaction between components of the
communication system
Source: Own Elaboration, 2021

OPC is an open standard for the
interconnection of applications based on the
Windows operating system and process control
hardware, such as a PLC (Rodriguez Penin,
2013).
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Thus, the use of OPC allows access to
the registers of the variables stored in the
memory of a PLC, and allocate such
information to a software application executed
on a computer or; failing that, it is also possible
to modify the data present in said registers, and
the reassignment of information by means of
the software application used. The realization of
both functions is possible through a specific
link software utility.

In this case, the own LabVIEW OPC
Server was used for the direct exchange of
information with the PLC, performing both the
reading of the data provided by each sensor
inside the greenhouse, as well as the writing of
those that are intended for each actuator used. .
Thus, the virtual instrument developed in
LabVIEW for managing the functionality of the
greenhouse was divided according to the
signals acquired or emitted, as the case may be,
into: side windows, irrigation system, heat and
humidity exchange, tank level, system status,
ambient temperature and humidity, and soil
moisture, as shown in Figure 9.

Figure 9 LabVIEW interface for managing
environmental variables and devices inside the
greenhouse

Source: Own Elaboration, 2021

The developed interface was divided
into seven sections. In the upper right portion
are located the buttons that allow the activation
of the side windows of the greenhouse, in case
it is decided to manipulate them manually, by
choosing such a configuration from the selector
provided. Likewise, the signaling elements
corresponding to the mode of operation are
located: manual or automatic. Below are the
controls that activate the irrigation system for
each quadrant, as required. While, in the lower
right portion there are the buttons for the action
of the heater, the recirculator and the
nebulizers.
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On the other hand, in the upper left
section of the interface, the indicators of the
variables of temperature and humidity in the
environment are shown, arranged in each
quadrant of the greenhouse, which are
represented in degrees Celsius and in
percentage, respectively. The measurement of
humidity in the soil, corresponding to each
zone, is displayed in the lower left portion,
whose representation is also in percentage.
Likewise, in the lower middle section of the
interface, the indicators referring to the
operation of the system are located: energized,
in operation or stopped; as the element for the
activation of the tank filling and its respective
indicator.

Field device operation

The validation of the proper functioning of the
system for managing the environmental
conditions inside the greenhouse was carried
out gradually. In this way, it began by verifying
the signals associated with the variables of
interest directly in the devices from which they
came, or towards those to which they were
destined, as the case may be. Thus, it was
observed that the digital type sensors used, such
as the buttons, the selector and the water level
sensor in the tank, emitted a change in their
operating state when they were activated. Thus,
as if it conserved such signal during the time
that they were intervened; yielding satisfactory
results.

Regarding analog type  sensors,
specifically temperature and humidity in the
environment, it was validated that these could
describe a variable behavior within the ranges
of 15 to 35 ° C, for temperature, and 50 to 85%
relative humidity. Said variation of conditions
was induced by the activation of the nebulizers,
for the progressive humification of the place
where the reading was taken, this in the case of
relative humidity, while the heater and the air
recirculator were used to affect the temperature.

Such actions also made it possible to
verify the correct operation of the actuators on
which the homogenization of temperature and
humidity inside the greenhouse will depend,
once in operation; and that, however, for now,
they were operated manually.
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The behavior of humidity in the soil
could only be identified by activating the
irrigation system, by the action of the solenoid
valves that establish its operation; Through
which, the soil surrounding the sensor could be
moistened, also progressively, and the
associated signal appreciated. Regarding the
pump that supplies water to the tank, its
operation was also corroborated from the water
level captured by the sensor arranged for this
purpose, being able to characterize its
activation, once the sensor stops detecting the
liquid at the height at which it has been placed
inside the tank, to preserve its filling.

Likewise, the proper operation of the
side windows was confirmed, through the use
of the selector provided, in manual mode, and
the direct energization of the gearmotors that
led to the opening or closing of each of these, as
required, allowing the indistinct modification
between both actions. Finally, the activation of
the lamps used to signal the status of the system
was validated, once constituted, for the
management of the greenhouse.

Controller operation and management
interface

After characterizing the expected response in
both the sensors and the actuators used, even
manually, they continued to be connected to the
input and output terminals of both the PLC and
the built-in expansion modules. Validating that
the union between the conductors and terminals
of the PLC was adequate, prior to its
energization. To later carry out a reading test of
all the sensors used, inducing a variation in the
operating state of each one, regardless of its
type, from the activation of the actuators, just as
it was done during the performance of the
previous tests, only in this case, combining the
function of both types of devices from the
loaded program to the PLC.

Thus, the modification of the values
acquired from the sensors, in addition to the
manipulation of the actuators from the PLC's
own programming, managed from the
respective computer software, made it possible
to ensure the required behavior in these.
Therefore, the assembly of the graphical
interface for the manipulation of the PLC
registers, where the values that represent the
data derived from the reading and writing of the
field devices are stored, as the case may be, was
ensured without complications.
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Thus, from the LabVIEW interface it
was possible to know the values read by each
sensor used, in addition to manipulating the
arranged actuators; with which, the variation in
the operation of the latter favored the change in
the readings made.

Conclusions

The intervention described allows to have a
fully rehabilitated greenhouse, and installed
electrical, electronic and electromechanical
devices and equipment inside, which will
enable it to be used in small-scale cultivation or
experimentation tasks. Although the regulation
of the environmental conditions inside said
space is still carried out in an open loop, by the
action of an operator from the developed
graphical interface, the installation that is now
available will allow the incorporation, in the
short term, of strategies for the automatic
control of the implicit temperature and
humidity variables. Such assertion is based on
the fact of having sensors, actuators and a
controller in continuous interaction with the
environment confined in the greenhouse and
with each other, the corroboration of its
adequate operation and the concentration of the
data exchanged within the PLC used as
controller.

The full identification of the type of
signals coming from the sensors, as well as
those that would be emitted to the actuators, led
to the adequate organization of the input and
output terminals required in the PLC. On the
other hand, the adaptation of the expansion
modules contemplated, both for analog inputs
and digital outputs, allowed the provision of
additional terminals to those originally
established in the PLC, for the connection of all
the devices used. Thus, the use of expansion
modules assumed the connection of analog
sensors, for the management of this type of
reading, in addition to the connection of other
digital actuation devices that could not be
directly connected to the PLC due to lack of
terminals.

On the other hand, the adaptation of the
graphical computer interface, for the
management of the functions of the devices
inside the greenhouse, has promoted a fast,
intuitive and comfortable way to interact with
such elements, for the modification or recording
of the conditions. associated environmental
conditions.
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The communication between the
LabVIEW virtual instrument, the basis of the
management interface, and the PLC, based on
the use of the open OPC standard, has been
very useful for the success of this application;
so that it was not necessary to use any other
device, connection or communication protocol
for the exchange of data between both
elements; which, without a doubt, sped up the
validation process performed.

Thus, the aspects described give proof
of the qualification and conditioning of the
zenith  experimental greenhouse of the
Polytechnic University of Aguascalientes, for
its operation as a high technology system; with
the objective of completing this technological
scheme in the short term, from the closure of
the control loop or feedback in it. Such purpose
provides the necessary motivation to give
continuity to the work developed up to this
point. It should be noted that, since its
establishment, the greenhouse has been
gradually used in the cultivation of plants for
the extraction of essences, for which, for now, it
is expected to solve the demand necessary for
this purpose..
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Abstract

The increase in the increase in wildfires throughout the
world is largely due to increases in temperature and even
to an increase in the carelessness of the population in
leaving a large amount of the garbage in forests. Using
Python and Matlab programs were as working medium.
We performed the preprocessing on multispectral images
obtained by the Landsat 8 satellite with and without
wildfires, which consists of three steps: alignment,
characterization and normalization, with the intention of
standardization the images. From obtaining the spectral
signatures of wildfires and metallic structures, boxes and
whiskers diagrams, Shannon entropy and mutual
information from the images, there are similar behavior
in bands 6, 7, 8, 10 and 11, with more relevant
information, taking into account that each image is
formed by 11 bands, and in bands 1, 2, 3, 4,5, 8 and 9
there is less information, SVD decomposition allows to
have the best k-rank approximation to the original data
matrix. The purpose of this analysis is to reduce the
computational complexity.

Landsat 8, Wildfires, Characterization, Data analysis

Resumen

El incremento en el nimero de incendios forestales a lo
largo del mundo se debe en gran medida a los aumentos
de la temperatura e incluso al incremento de los
descuidos de la poblacién al dejar una gran cantidad de
basura en bosques. Utilizando los programas de Python y
Matlab como medio de trabajo, se realizd el pre
procesamiento en imagenes multiespectrales obtenidas
por el satélite Landsat 8 con y sin incendios, el cual
consiste en tres pasos: alineacién, caracterizacion y
normalizacion, esto con la intencion de estandarizar las
iméagenes. A partir de obtener las firmas espectrales de
incendio y estructuras metalicas, los diagramas de cajas y
bigotes, la entropia de Shannon e informacion mutua de
las iméagenes, se tienen similares comportamientos en las
bandas 6,7,10 y 11, con mayor informacién relevante,
tomando en cuenta que cada imagen esta formada por 11
bandas, y en las bandas 1,2,3,4,5,8 y 9 se tiene una menor
informacion, la descomposicion SVD permite tener la
mejor aproximacion de rango-k de la matriz de datos
originales. Al realizar este andlisis se busca reducir la
complejidad computacional.

Landsat 8, Incendio, Caracterizacion, Analisis de
datos
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1. Introduction

The number of wildfires around the world are
caused by increases in temperature and even by
carelessness of the population leaving a large
amount of garbage in the forest. For this reason,
in recent years, the nations in the world have
been focused on studies that seek on time
wildfires detections, to arrive before the fires
consume more hectares of forest. Several
techniques have been used to accomplish
wildfire studies, among them the use of Remote
Sensing (RS) (Lira Ch-Vez, 2012).

Therefore, multispectral images from
RS systems has shown to be a more complete
system in studies of detection and classification
of earth elements. One of the clearest examples
is “Landsat 8 was launched on February 11,
2013”(USGS Science for a changing world,
2021)

In the study by (Corrales Andino, 2017)
a model is developed for the correction of
images with the values of Digital Numbers
(DN) to the physical parameters as a satellite
reflectance, which allows the reduction of
errors caused by atmospheric effects. The
methodology applied was the calculation of
physical magnitudes for the conversion top-of-
atmosphere (TOA) reflectance with angular
correction. They mention that the model will be
used for satellite images calibration of the
Landsat sensor Operational Land Imager (OLI)
program, to validate the model they perform
comparative with a research work in the
postgraduate. Master’s Degree in Land
Planning and Management of the Faculty of
Space Sciences, under the item: Multitemporal
Analysis of the Land Cover of the R Sub-basin

(Simonetti et al., 2015) Developed a
fully automatic phenology-based synthesis
(PBS) classification algorithm, which performs
a mapping of terrestrial coverage. The
seasonality of the vegetation in the dry regions
is made the classification, with conventional
classifiers, using images of the same dates in
which they carry out the preprocessing, where
they apply reflectance to, the part in which they
mention that they did not process bands 1 and
9, thermic and panchromatic. A PBS has been
developed for the Landsat 8 sensor and works
fully automatically without additional input
requirements, as supplementary images or
training data.
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PBS implementation in Google Earth
Engine (GEE) provides a fast and efficient
mapping tool applicable.

Remote Sensing

“Remote Sensing (RS) obtaining information
about a scene, using visible light, infrared and
microwave radiation, by means of automated
analysis of data obtained from a distance using
a system formed by a group of remote sensors”
(Lira Ch-Vez, 2012)

RS provides a temporary overview in
large areas: this allows us to observe changes
over time that could range from minutes to
years. This can be used to study changes in the
stage of the earth’s surface and atmosphere as
mentioned by (Curlander, 1991)

Landsat 8

“Landsat 8 (formally the Landsat Data
Continuity Mission, LCDM) was launched on
February 11, 2013 from Vandenberg Air Force
Base, California on an Atlas-V 401 rocket, with
the extended payload fairing (EPF) from United
Launch Alliance, LLC” (USGS Science for a
changing world, 2021)

“The Landsat 8 satellite payload consists of
two science instruments: the Operational Land
Imager (OLI) and the Thermal InfraRed Sensor
(TIRS). These two sensors provide seasonal
coverage of the global landmass with a spatial
resolution of 30 meters (visible, Near Infrared
Red (NIR), Short-Wave-Infrared (SWIR)), 100
meters (thermal), and 15 meters
(panchromatic)”. The spectral bands of the OLI
Sensor are an improvement over previous
Landsat instruments, with the addition of two
additional spectral bands: a visible deep blue
channel (band 1) specially designed for water
resources and coastal zone research, and new
shortwave infrared channel (band 9) (Landsat
Science, 2021).

2. Contribution

In previous works, normalization is only
performed in the preprocessing part, in the
present work, characterization and alignment of
the images are added to the preprocessing step,
by combining these three aspects, a more
appropriate image for the classification process
is obtained.
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In this study case, the classes of wildfires
and metallic structure pixels is more
concentrated.

3. Problem Statement

Given x where x € Rl"*2*Iz s a third-order
tensor, representing the multispectral image,
which is obtained no aligned, unclassified.
Using algorithms of alignment, atmospheric
correction and normalization, you will get a

new tensor Xx aligned, calibrated and
normalized, in turn, to see the possibility of
verifying a decrease of error in the
classification in addition to having images
standardization.

4. Pre-Processing

“Image Processing is the set of techniques
applied to digital images in order to improve
their quality”, it encompasses a series of
techniques that comprise operations where the
origin is an image, and the result is another,
already processed image. (Gonzalez, 2017)

The images obtained from the Landsat 8
system must have the necessary characteristic
to be able to stand processed, that is to say they
must have the following steps to be used, which
are: alignment, characterization and
normalization.

Image alignment

Because the sensors located on the satellite
have a different capture distribution and the
angle of incidence of the signals, it is
sometimes necessary to record the images so
that the 11 bands provided by a single
multispectral image have the objects in the
same positions by (James Storey, 2016). When
performing the alignment between the bands, a
test difference is performed, then the alignment
between the bands is done and configured
according to following the parameters.

Normalization

“An  alternative approach to  Z-score
normalization (or standardization) is the so-
called Min-Max scaling (often also simply
called normalization a common cause for
ambiguities). In this approach, the data is scaled
to a fixed range, usually 0 to 1”.
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Is a process that changes the range of
pixel intensity values, in contrast to
standardization is that we will end up with
smaller standard deviations, which can suppress
the effect of outliers (Raschkan, 2014)

X=X i
Xnorm = ——2t

1)

max—Xmin

Where X is an original value, Xnorm is
the normalized value, X,,;, is the minimum
value of the variable and X,,,4, is the maximum
value of the variable.

Radiometric correction in Landsat 8 images

Landsat is a passive satellite that emits signals
at certain frequencies and the captures the
bounces of the signals, so those signals come
with errors due to disturbances of the
environment, including the sum of signals
caused by the radiation from the sun, therefore
the images must be adjusted according to the
radiation characteristics of the sun, inclination
and even the temperature, so the process is
called calibration.

“The data from the OLI sensor can be
converted to reflectance values, Top-Of-
Atmosphere (TOA) in the ceiling of the
atmosphere, using the reworked reflectance
coefficients provided in the product metadata
file (MTL file). The following equation is used
to convert DN digital levels to reflectance
values for those obtained by the OLI sensor”
(Geospatial, 2021):

pA = MpQcal + Ap , (2)

where “pA’ this is TOA planetary
reflectance, without correction by solar angle.
Note that pA" does not contain a correction for
the solar angle, Mp is the Band-specific
multiplicative rescaling factor from the
metadata, it Qcal quantized and calibrated
standard product pixel values (DN)”.

This value refers to each of the bands of
the image and Ap is the specific scaling
additive factor per band obtained from the
metadata (Using the USGS Landsat Level-1
Data Product, s. f.).
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5. Data analysis
Spectral Signature

The spectral signatures refer to the quantitative
measurement of object properties in spectral
bands, which refer to the variation of the
reflectance or radiance emitted by objects, all
geographic elements (forest, crops, rivers,
lakes, buildings, etc.) each of the materials has
a unique signature

Box and Whiskers

A box and whiskers diagram (or box plot) is a
graphical representation of data, showing some
of its key statistical features. The lines that
extend parallel are whiskers, are used to
indicate the variability outside the lower and
upper quartiles (3d,3e), the first quartile has the
lowest 25% of the data instances (3a), Median
or also second quartile has 50% (3b) (the
distribution of data is divided into two equal
parts the distribution), and the third quartile has
the lowest 75% of the data instances (3c)
(Chalmers & Gilbey, 2018).

Quartiles

First Quartile (Q,) = (N+1)/4 (3a)
Second Quartile = N/2 (3b)
Third Quartile (Q3) = 3(N+1)/4 (3¢c)

Lower and upper admissible limits (L1 y LS)
LI =Q, —1.5%IQR (3d)
LS = Q3 + 1.5+ IQR, (3e)

where N = number of data instances and
IQR = interquartile range. Using the box and
whiskers diagrams, you get a lot of information
from a probability distribution. This type of
graph can identify outliers, at the same time
making a distribution comparison.

Entropy

“The entropy which is a measure of the
uncertainty of random variable. Let X be a
discrete random variable with alphabet X and
probability mass function p(x) = Pr{X =
x}x € X.
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We denote the probability mass function
by p(x) rather than p,(x), for convenience.
Thus, p(x) and p(y) refer to two different
random variables and are in fact different
probability mass functions” (Cover, 2006).

The Shannon entropy H (X) of a discrete
random variable X is defined by

H(X) = — Yxex (%) logp(x) . 4)

We also write H(p) for the above
quantity. The log is to the base 2, then the
entropy is expressed in bits. If the log is taken
to be the natural log, then entropy is expressed
in nats. Where x € X possible results belonging
to X,

Mutual Information

“Consider two random variables X and Y with a
joint probability mass function p(x,y) and
marginal probability mass function p(x)
and p(y). The mutual information I(X;Y) is the
relative entropy between the joint distribution
and the product distribution p(x) p(y)” (Cover,
2006).

I(X;Y) = Xxex Xyerp(x,¥) log pfgggf) ®)

With the equation 5 can be written
I(X;Y)=H(X) - HX|Y) (5a)
6. Singular Value Decomposition (SVD)

“The Singular value decomposition (SVD) is a
theorem of linear algebra, where it mentions
that a rectangular matrix A can be broken down
into the product of the three matrices — an
orthogonal matrix U, a diagonal matrix S, and
the transpose of an orthogonal matrixV,
where m x n Size of the matrix, where the matrix
S is the matrix of singular values, which
ordered identify the direction of greatest
variance, as well find the best approximation to
the original data using fewer dimensions”
(Decomposition, 2021, chapter-4).

Amxn = UmmemanrTxna (6)
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where UTU = I,VTV = I; the columns
of U are orthonormal eigenvectors of AA”, the
columns of V are orthonormal eigenvector
of ATA, and S is a diagonal matrix containing
the square roots of eigenvalues from U or V in
descending order (tutorial, 2021).

7. Methodology

In this work, the normalization, radiometric
correction and data analysis algorithms were
applied. Using two images with wildfires that
occurred in Mendocino County (California
USA) in 2018 with a difference of one week
between the images, a third image of the same
region, but without wildfires, was obtained by
the Landsat 8 satellite.

The images were obtained from the
website United States Geological Survey
(USGS), for the pre-processing of multispectral
images which have a resolution of 7750 x 7530.
In this work on the images, a cut was made of
the area where the fire is located. We will be
working on 512 x 512 images of the wildfires
zone.

Alignment

The images are not aligned; this is because the
sensors located on the satellite have a different
capture distribution and the angle of incidence,
the signals have, it is sometimes necessary to
record the images so that the 11 bands provided
by a single multispectral image have the objects
in the same positions.

Figure 1 shows an example of an image
where the non-alignment with the images can
be seen.

Figure 1 Non-alignment of the images (PARRQOT)
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The non-alignment is found in the
obtained images, as a first step in the
preprocessing, the alignment of the images is
applied. Figure 2 shows an example of the
aligned image.

Figure 2 Alignment image (PARROT)
Atmospheric correction (characterization)

With the images aligned, Top- of- Atmosphere
(TOA) surface reflectance will allow for
improvement when comparing multiple images
of the same region, considering the atmospheric
effects of aerosol dispersion and thin clouds,
the correction helps in detecting and
characterization of surface changes. Which is
the light reflected by the earth’s surface.

It is a relationship between surface
radiance, surface irradiance and as such has no
units, it has values between 0 and 1. By which
you will be applying the equation (2) of TOA
reflectance described above.

Normalization

The previously aligned and characterized
images will be normalized through equation 1,
before applying the formula, the maximum
value, and the minimum value of each of the
bands are obtained, then we apply the equation
1.

Data analysis

The images are preprocessed and the analysis of
the data, in this case the images, is then carried
out. In which spectral signatures, box and
whiskers diagram, Shannon entropy and mutual
information of the bands will be obtained.
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Spectral Signature: The first step is to
obtain the spectral signatures of the classes:
wildfires, vegetation, smoke, water and metallic
structure, to observe the behavior and similarity
between the wildfires and metallic structure.

Boxers and Whiskers diagram: The
second step is to create the Boxer and Whiskers
graphic according to the pixel values in each
multispectral band with the wildfire’s scene.

Entropy: The third step is to calculate
the Shannon entropy for each image bands
using the equation 4.

Mutual Information: The fourth step is
to compute the mutual information of each pair
bands, applying the equation 5.

SVD

After the characterization and analysis of an
image, perform  the singular  value
decomposition of this image selecting k
singular values to construct a new image of
rank k.

8. Results

Figure 3 shows the images of the Mendocino
wildfires, obtained by the Landsat 8 satellite,
which has a size of 512x512 pixels, and in
figure, 5 images were obtained of the same area
of Mendocino without wildfires.

Figure 3 Images with wildfires (Landsat 8)
https://earthexplorer.usgs.gov/.
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Figure 4 Images without wildfires (Landsat 8)
https://earthexplorer.usgs.gov/

Graph 1 shows the spectral signatures of
Figure 4 with three classes: vegetation, water
and metallic structure, showing that the metallic
structure has a higher reflectance in bands 6, 7
and 10.

SPECTRAL SIGNATURE

——Structure pixel reflectance  ——Water pixel reflectance  ——vegetation pixel reflectance

08

0.43-0.45 0.45-0.51 0.53-0.59 0.63-0.67 0.85-0.88 1.57-1.65 2.11-2.29 0.50-0.68 1.36-1.38 10.60-11.1911.50-12.51
BANDS

Graph 1 Spectral Signature images without wildfires
Own Source [Excel]

Graph 2 shows the spectral signatures of
Figure 3 with five classes: wildfire, smoke,
vegetation, water and metallic structure, which
indicates that the wildfires show high
reflectance values in band 6, 7, 10 and 11.

SPECTRAL SIGNATURE

piel eflecance  —Water

043045  0.45-0.51 053-0.59 0.63-0.67 0.85-0.88  157-1.65 2.11-220  0.50-0.68 136-1.38 10.60-11.19 11.50-12.51
BANDS

Graph 2 Spectral Signature images with wildfires
Own Source [Excel]
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Graph 3 presents the box and whiskers
diagram of the without wildfires image,
showing a distribution of outliers across the 11
bands.

Image without wildfired
T T T T

i L S
ZZ =5 = ] T i = N

+ +

I I I I I I I I I I I
band 1 band 2 band 3 band 4 band 5 band 6 band 7 band 8 band 9 band 10  band 11

Graph 3 Box and whiskers image without wildfires
Own Source [Matlab]

Graph 4 presents the box and whiskers
diagram of the images with wildfires, where
more outliers are obtained throughout the 11
bands, with a higher concentration in bands
6,7,10 and 11.

Graph 4 presents the box and whiskers
diagram of the images with wildfires, where
more outliers are obtained throughout the 11
bands, with a higher concentration in bands
6,7,10 and 11.
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Graph 4 Box and whiskers image with wildfires
Own Source [Matlab]

Graph 5 illustrates the Shannon entropy
of the images with and without wildfires where
we observe the variation of the uncertainty from
one image to the other, which gives more
information in the image with wildfires.
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Graph 5 Shannon entropy
Own Source [Python]

Graph 6 illustrates the mutual
information of the images with wildfires, where
there is a greater similarity from band 1 to band
5, and band8.
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Graph 6 Mutual information image with wildfires
Own Source [Python]

Graph 7 shows the image without
wildfires, where there is a greater similarity
from band 1 to band 4, and bands 6, 7, 10 and
11.

Mutual information

10

0.8

0.6

Graph 7 Mutual information without wildfires
Own Source[Python]
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For each 512x512 image, its SVD was
calculated. For a few singular values, the
images do not have a good clarity, but the
higher the number of singular values, the better
image clarity, as shown in figures 5 and 6.

Image original Reconstructed Image: 5SV  Reconstructed Image: 50 SV

Reconstructed Image: 400 SV

Figure 5 Singular values, image without wildfires

Image original Reconstructed Image: 5 SV Reconstructed Image: 50 SV

Reconstructed Image: 100 SV

Reconstructed Image: 400 SV

Figure 6 Singular values image with wildfires

Figure 7 it is observed that there is a
difference in the singular values between the
images with and without wildfires, and also
from the image with wildfires more singular
values can be used to work with a modified
image in which not enough information will be
lost.
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Figure 7 Singular Values
Own Source

9. Conclusions

This paper shows that when working with
multispectral images obtained from the satellite
Landsat 8, an alignment between the 11 bands
must be performed. The characterization is also
performed using the atmospheric reflectance
correction to obtain an image in physical
reflectance parameters from digital image
values (DN), the normalize the images.

When obtaining the spectral signatures
of the classes: wildfires, vegetation, smoke,
water and metallic structure, it is observed that
the reflectance of the wildfires and metallic
structure pixels have the same behavior in
bands 6,7,8,10 and 11, the spectral signatures
shows in which bands there is a greater
visualization of the wildfires and metallic
structure pixels, this will allow us to reduce the
classification error percentage of the classes in
future works, when working with the
classification algorithms.
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Statistical analysis  visualizes the
behavior of the data in the image with and
without wildfires, as shown in the box and
whiskers diagram, Shannon entropy and mutual
information of the images, helps us to know the
amount of information provided by each of the
bands, to discard the images where the
information is minimal in the image with and
without wildfires. From the image with
wildfires in band 8 there is less information
compared to band 6, 7, 8, 10 and 11 where there
is more information. By using SVD a
representation of the best approximation the
original data.

In previous work, the preprocessing is
perform by applying the atmospheric correction
or normalization. What is done with the present
work by adding in the preprocessing the steps
of alignment, atmospheric correction and
normalization to obtain a standardized image, at
the same time it is sought to reduce the
computational complexity.

10. Open issues

- Apply an exhaustive study in image
processing information theory.

- To carry out a study of
detection/classification algorithms and
their subsequent implementation.

11. Acknowledgements

The authors would like to thank the
CINVESTAV del IPN, Unidad Guadalajara,
Telecommunications Laboratory, Mexico. And
the Universidad Politécnica de Juventino Rosas

Reference

Corrales Andino, R. O. (2017). Calculation of
reflectance in Landsat OLI-8 images, on the
central region of Honduras, using fre software
SEXTANTE. Ciencias especiales, 81-96. doi:
https://doi.org/10.5377/ce.v9i1.3127

Chalmers,D., & Gilbey, J.(2018). Cambridge
International as & a Level Mathematics
probability & Statistics 1 Coursebook with
Cambridge Online Mathematics (2 years)
[Electronic book]. Cambridge University Press.

ISSN 2414-4924
ECORFAN® All rights reserved

June 2021 Vol.7 No.12 19-28

Cover, T.M. (2006). [Elements of Information
Theory] [By: Cover, Thomas M.] [July,
2006](SECOND EDITION)[Electronic book].
Wiley-Interscience.

Curlander, J. &. (1991). Synthetic Aperture
Radar: Systems and Signal Processing. Wiley-
Interscience.

Decomposition, S. V. (09 de 05 de 2021).
Singular Value Decomposition. Obtained from
https://www.cs.cmu.edu/~venkatg/teaching/CSt
heory-infoage/book-chapter-4.pdf

Geospatial, L. H. (8 de April de 2021).
Radiometric Calibration. Obtenido de L3
Harris Geospatial:
https://www.|3harrisgeospatial.com/docs/radio
metriccalibration.html

Gonzalez, R. &. (2017). Digital Image
Processing. Pearson.

James Storey, D. M. (2016). A note on the
temporary  misregistration of  Landsat-8
Operation Land Imager (OLI) and Sentinel-2
MultiSpectral  Instrument (MSI) Imagery.
Remote Sensing of Enviroment, 1221-122.
doi:https://doi.org/10.1016/j.rse.2016.08.025

Landsat Sciencie. (7 de April de 2021). Landsat
Sciencie. Obtenido de Landsat Sciencie:
https://landsat.gsfc.nasa.gov/landsat-8/landsat-
8-overview

Lira Ch-Vez, J. (2012). The Remote Perception
(Spanish edition). Paperback.lulu.com.

Raschkan, D. (11 de July de 2014).
Dr.Sebastian Raschkan. Obtenido de About
Feature Scaling and Normalization:
https://sebastianraschka.com/Articles/2014_abo
ut_feature_scaling.html#about-min-max-scaling

Raschkan, D. S. (11 de july de 2014). About
Feature Scaling and Normalization. Obtenido
de About Feature Scaling and Normalization.:
https://sebastianraschka.com/Articles/2014 _abo
ut_feature_scaling.html#about-min-max-scaling

Simonetti, D. &. (2015). First Result From the
Phenology-Based Synthesis Classifier Using
Landsat 8 Imagery. IEEE Geoscience and
Remote Sensing Letters, 12(7),1496-1500.
doi:https://doi.org/10.1109/1grs.2015.2409982

HERNANDEZ-LOPEZ, Sandra Paola, YANEZ-VARGAS, Juan
Israel, GONZALEZ-RAMIREZ, Andrea and TORRES-ROMAN,
Deni. Statistical analysis and characterization of Landsat 8 satellite
images of forest wildfires regions. ECORFAN Journal-Democratic
Republic of Congo. 2021



28

Article ECORFAN Journal-Democratic Republic of Congo

Simmotti, D., Simonetti, e., Szatoi, Z., Lupi, A.,
& Eva, H.D. (2015) First Result From the
Phenology-Base Sythesis Classifier Using
Landsat 8 Imagery.lEEE Geoscience and
Remote Sensing Letters, 12(7), 1496-1500.
https://doi.org/10.1109/1grs.2015.2409982.

Tschannerl, J. R. (2019). MIMR-DGSA:
Unsupervised hyperspectral band selection
based on information theory and modified
discrete  gravitational  search  algorithm.
Information Fusion,, 189-200.
doi:https://doi.org/10.1016/j.inffus.2019.02.005

tutorial, S. V. (09 de 05 de 2021). Singular
Value Decomposition (SVD) tutorial. Obtenido
de Singular Value Decomposition (SVD)
tutorial:https://web.mit.edu/be.400/www/SVD/
Singular_Value_Decomposition.htm

USGS Science for a changing world. (7 de april
de 2021). Landsat Missions. Obtenido de
Landsat Missions: Landsat Missions. (s. f.).

USGS Science for a changing world.
Recuperado 7 de abril de 2021, de
https://www.usgs.gov/core-science
systems/nli/landsat/landsat-8?qt-
science_support_page_related_con=0#qt-
science_support_page_related _con

USGS science for a changing world. (19 de
junio de 2021): https://earthexplorer.usgs.gov/

ISSN 2414-4924
ECORFAN® All rights reserved

June 2021 Vol.7 No.12 19-28

HERNANDEZ-LOPEZ, Sandra Paola, YANEZ-VARGAS, Juan
Israel, GONZALEZ-RAMIREZ, Andrea and TORRES-ROMAN,
Deni. Statistical analysis and characterization of Landsat 8 satellite
images of forest wildfires regions. ECORFAN Journal-Democratic
Republic of Congo. 2021



Article

29

ECORFAN Journal-Democratic Republic of Congo

June 2021 Vol.7 No.12 29-41

Neural network for crop rotation and soil analysis in a Greenhouse

Red Neuronal para la rotacion de cultivos y analisis de suelo en un Invernadero

RAFAEL-PEREZ, Evat*, MONTERO-CORTES, Yeimi Yanet, RUIZ-RAMIREZ, Alan Eduardo and

MORALES-HERNANDEZ, Maricela

Tecnoldgico Nacional de México/ Instituto Tecnologico de Oaxaca, Departamento de Sistemas y Computacion. Avenida
Ing. Victor Bravo Ahuja No. 125 Esquina Calzada Tecnoldgico, Oaxaca, Oax., México. C.P. 68030

ID 1%t Author: Eva, Rafael-Pérez / ORC ID: 0000-0003-2793-1254, CVU CONACYT ID: 905268

ID 1%t Co-author: Yeimi Yanet, Montero-Cortés / ORC ID: -0000-0001-5510-7241 CVU CONACYT ID: 1148726

ID 2" Co-author: Alan Eduardo, Ruiz-Ramirez / ORC ID: -0000-0001-9269-5951 CVU CONACYT ID: 1148734

ID 3 Co-author: Maricela, Morales-Hernandez / ORC 1D: 0000-0002-3521-2041, CVU CONACYT ID: 731036

DOI: 10.35429/EJDRC.2020.12.7.29.41

Received March 28, 2021; Accepted June 30, 2021

Abstract

Currently, Artificial intelligence (Al) is a very
important area, the way in which it has revolutionized
has allowed it to be an essential part of technological
evolution in different sectors of society such as
agriculture, it is a fundamental activity in the
development of our country, and one of the developing
areas is implementation of greenhouse crop. This
article describes the use of artificial intelligence for a
greenhouse through an Artificial Neural Network
(ANN) of the multilayer perceptron type using the
BackPropagation algorithm. The main aim is obtain
the most optimal type of crop to be sown by means of
the crop rotation, which, supported by a data
acquisition device through sensors, obtains the values
of temperature and humidity of the environment and
soil pH, with those data the ANN makes the soil
analysis. Through the interfaces of the data analysis
module and the measurement module, the data
collection process, the calculation and the results
produced by the artificial neural network are shown.
For this project, the Prototype model was used using
the Java programming language.

Artificial Neural Network, Crop rotation, Soil
analysis

Resumen

La inteligencia artificial (I1A) es un area importante en
la actualidad, la manera en como ha revolucionado le
ha permitido ser parte esencial de la evolucion
tecnoldgica en varios sectores de la sociedad como es
la agricultura, actividad fundamental en el desarrollo
de nuestro pais que se ve implementada en la
produccién de cultivos bajo invernadero. El presente
articulo describe el uso de la inteligencia artificial para
un invernadero a través de una Red Neuronal Artificial
(RNA) de tipo perceptron multicapa utilizando el
algoritmo de BackPropagation, con el objetivo de
obtener el tipo de cultivo mas dptimo a sembrar por
medio de la rotacién de cultivos, que apoyados de un
dispositivo de adquisiciéon de datos a través de
sensores se obtuvieron los valores de temperatura y
humedad del ambiente y pH del suelo para realizar el
andlisis del suelo. Mediante las interfaces del mddulo
de analisis de datos y del médulo de mediciones se
muestra el proceso de obtencidn de datos, el céalculo y
los resultados que arroja la red neuronal artificial. Para
este proyecto se utilizo el modelo en Prototipos
utilizando el lenguaje de programacion Java.

Red Neuronal Artificial, Rotacién de cultivos,
Andlisis de suelo
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Introduction

The incorporation of artificial intelligence has
transformed the form and way of life in human
beings, the way of production in agriculture has
changed, currently agriculture considers various
methods of production, efficient and high
performance as protected agriculture, which is
defined as a specialized agricultural system in
which a certain control of the climatic
environment is carried out, altering its
conditions: soil, temperature, solar radiation,
wind, humidity and atmospheric composition
(Castellanos-Ramos, 2004). According to data
from the Mexican Association of Protected
Horticulture (AMHPAC), there are a total of
25,814 active protected agriculture facilities.

The project called Neural Network for
Crop Rotation and Soil Analysis in a
Greenhouse was developed with the objective
of supporting the farmer in making a decision
on the optimal type of crop to plant in the
greenhouse. It is called optimal crop to the
results that are thrown after having performed
the soil analysis, taken measurements of
temperature, humidity and pH of the soil
through the data acquisition module, having
selected the type of previous family that was
planted based on the technique of crop rotation
technique and the application and analysis of
the neural network, i.e., once the process is
done, the results generated are: The most
optimal type of crop to be planted, the optimal
humidity values and the ranges in which they
should be, the optimal temperature for the type
of crop to be planted and the ranges in which it
should be and the corresponding family.

The production of crops under
greenhouse is one of the most modern
techniques currently used in agricultural
production that is implemented through a
greenhouse that provides an appropriate
environment, both in the soil and in the air for
the cultivation of plant species, which is
supported by techniques to improve crop
production.

In this case it was supported by the
technique of crop rotation, which is an
agricultural practice to increase the productivity
of the land and optimize the use of resources by
alternating different types of crops in the same
soil, its use helps to reduce soil "fatigue"
(Seminis, 2016).
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Since through the neural network and
soil analysis through the values of humidity and
temperature of the environment, as well as soil
pH, the type of the optimal crop to plant is
determined, thus avoiding the risk of loss of
production and unnecessary expenses for the
farmer. The basic principle of rotations is that
crops follow one another according to the
characteristics between the preceding crop and
the following one, waiting some time to replant
a certain crop in the same plot. When designing
a rotation, crops with different characteristics
should be combined, always taking into account
the effect that each crop produces on
fertilization and soil structure.

This project was based on the technique
of 4 groups of 8 families, starting with the
Solanaceae family, then the Leguminosae
family, then the Compositae family and finally
the Umbelliferae family. For soil analysis, a
data acquisition module was used, which
consists of taking samples from the real world
(analog system) to generate data that can be
manipulated by a computer, it is composed of
the breadboard, sensors, arduino and electrode.

It is worth mentioning that for the
purposes of this work, only the data acquisition
module will be explained in general terms,
since it is a fundamental part to obtain the
values for the measurement, perform the
calculations and the results generated by the
neural network. The detailed operation and
design will be presented for the purposes of
another future work.

Likewise, the expert system on which
the neural network for crop rotation and soil
analysis in its version 2.0 is based, for the
purposes of this article will be explained only
the functionality of the modules that were
added such as: Soil Analysis and Measurements
to explain the functionality of the neural
network and the values generated by the data
acquisition module.

Therefore, this article contains the
problem statement, the data acquisition module
including the materials and the circuit design; a
section on the artificial neural network that
covers the part of the operation, the design, the
data of the Network and the BackPropagation
Algorithm that was used for the neural network
programming, another part of the work is the
description of the phases for the learning and
the presentation of the neural network.
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A section of the crop rotation, the
development methodology using the model in
prototypes and the description of the stages,
then the results of the soil analysis module, the
functionality of the neural network and the data
acquisition module, the acknowledgements and
finally the conclusions and bibliographical
references.

Problem Statement

The production of crops under greenhouse is
one of the most modern techniques currently
used in agricultural production, one of the main
problems of any greenhouse is when the
monoculture system is practiced, as it has
certain disadvantages, the soil suffers a wear of
nutrients because the same plant is planted in
the same place which depletes the nutrients it
needs, for example the lack of nitrogen in the
soil prevents the growth of plants, The tendency
towards erosion and drought, also with the
production of a single crop there is a greater
likelihood of soil impoverishment, since the
same nutrients are abused, and greater exposure
to pests and diseases, this creates a risk for the
farmer because he bases his production on a
single crop endangering his entire crop and
therefore economic losses occur, or also that the
product often has no quality.

Data acquisition module

For the correct operation of the neural network
for soil analysis in the crop rotation in a
greenhouse, it is necessary to rely on a data
acquisition module; data obtained will be used
for the training phase of the neural network, in
addition to predicting whether the soil and
environmental data are favorable for the harvest
of plants of a specific family.

Materials

For the design of the data acquisition module,
the following materials were used

— Dhtll (temperature and humidity
sensor)

- Arduino Uno

- Protoboard

- Ph-4502C (pH sensor)

- Electrode
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Circuit diagram

Figure 1 shows the design of the circuit
diagram that was used to obtain data through
the dhtll sensor which is used to obtain
temperature and humidity from the environment
in addition to the Ph-4502C sensor for pH
values.

! l !

|| =

Figure 1 Circuit diagram
Source: Own Elaboration

Artificial Neural Network

Artificial Intelligence is an area with greater
growth in recent years, for Iberdrola, (2019) Al
is able to analyze data in large quantities,
identify patterns and trends and, therefore,
formulate predictions automatically, quickly
and accurately, one of its areas are artificial
neural networks.

Biological neuron, it was Santiago
Ramon y Cajal (1888) who discovered the
cellular structure (neuron) of the nervous
system. He defended the theory that neurons
interconnected with each other in parallel,
consisting of a cell body (soma) of between 10
and 80 mm, from which a dense tree of
branches (dendrites) and a tubular fiber (axon)
of between 100 mm and one meter.

On the other hand, Anderson (1995)
defines the artificial neural network as a
computational model inspired by biological
neural networks, which can be considered as an
information  processing system with a
distributed structure of parallel processing,
formed by processing elements that are the
artificial neurons, which are interconnected by a
large number of connections called synapses.

These connections are used to store
information that is available for use. An
artificial neuron is intended to mimic the most
important characteristics of biological neurons.
Figure 2 shows the comparison between the
biological neuron and the artificial neuron.
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Figure 2 Comparison between biological and artificial
neuron
Source: Hilera, J. and Martinez, V. 1995

Functioning of a Neural Network

A neural network is a set of artificial neurons
divided into layers. Each neuron of a layer will
be connected with all the neurons of the next
layer by means of arcs with weights. The
weights of these arcs will be modified during
the learning phase of the neural network to
achieve the desired results in the output of the
network.

The layers of the network will be
divided into three types: the input layer, the
hidden layer(s) and the output layer. The input
layer will be the first layer of the network and
the data will be fed into the network through it.
In this layer there will be as many neurons as
the number of inputs required by the network.
The hidden layer can be a single layer or there
can be several hidden layers, depending on the
problem and the design of the network. This
layer will be in charge of carrying out the
intermediate step or steps between the input
layer and the output layer. (Valencia Reyes,
Yafiez Marquez, and Sanchez Chavez, 2006).

The output layer will be in charge of
taking the results obtained to the outside. The
number of neurons in this layer will be defined
by the problem being solved.

Neural Network Design

The type of neural network used is a multilayer
perceptron. Figure 3 shows the structure of the
neural network on which the neural network
design was based.
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Figure 3 Neural network structure
Source: IBM Knowledge Center

Neural Network Data
The data that were used for the network are:

— An input layer of 5 neurons.

— Two hidden layers of 19 and 20 neurons
respectively.

- An output layer with 51 neurons

— BackPropagation Algorithm

In 1986, Rumelhart, Hinton and
Williams, formalized an algorithm for a neural
network to learn the association that exists
between input patterns and corresponding
classes, using several levels of neurons.

Steps to apply the backpropagation
algorithm

1. Initialize the weights of the network
with random small values.

2. Present an input pattern and specify the
desired output to be generated by the
network.

3. Calculate the actual output of the

network. To do this, the inputs to the
network are presented and the output of
each layer is calculated until the output
layer is reached, this will be the output
of the network.
4. Calculate the error terms for all neurons.
Update the weights: for this we use a
recursive algorithm, starting with the
output neurons and working backwards
until reaching the input layer, adjusting
the weights.
6. The process is repeated until the error
term is acceptably small for each of the
learned patterns.

o

The Java programming language was
used to develop the neural network.
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Neural network processing phases
A. Learning Phase

In this phase a network is initially generic and
through a series of examples the weights of the
arcs will be adapted in such a way that it
produces the desired outputs.

Testing and learning of the neural
network. A pattern recognition dataset (Iris)
obtained from
https://archive.ics.uci.edu/ml/datasets/iris  was
used for this process.

The dataset contains 50 samples of each
of three species of Iris (Iris setosa, Iris virginica
and Iris versicolor).

Neural network test values

- 4 input neurons

- 8 neurons in the hidden layer

- 3 neurons in the output layer

- Learning factor of 0.05

- Maximum allowed root mean square
error 0.005

Figure 4 shows the result of the error
percentage of the iris data set, once the neural
network is trained, the data in the graph shows
that the y variable does not vary as the X
variable increases, which means that the
maximum allowed mean square error
percentage of 0.005 of the epoch variable is
maintained. The Epoch variable: It is a
complete iteration of the BackPropagation
algorithm, this includes the data input, the
forward propagation through all the layers of
the neural network, the calculation of the error
and the adjustment of the neuron weights for all
the data of the training set.

——

Figure 4 Percent error of the iris data set
Source: Own Elaboration
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Implementation of the Neural Network with
the crop data set.

Data set
The dataset is composed of 8 data, which are:

Crop name

Crop family

Minimum humidity
Maximum humidity
Minimum temperature
Maximum temperature
Minimum PH
Maximum PH

NN E

Training

The values that were used for training the
neural network are:

— An input layer of 5 neurons.

- Two hidden layers of 19 and 20 neurons
respectively.

— An output layer with 51 neurons

— Learning factor 0.001

— Maximum allowed root mean square
error 0.005

Figure 5 shows the result of the error
percentage of the crop data set once the neural
network is trained, the data of the graph shows
that the wvariable y does not vary when
increasing the variable x, which means that the
maximum allowed mean square error
percentage of 0.005 of the epoch variable is
maintained. As already mentioned that the
Epoch variable is a complete iteration of the
BackPropagation algorithm, this includes data
input, forward propagation through all the
layers of the neural network, error calculation
and adjustment of neuron weights for all the
data in the training set.

——

Figure 5 Percentage error of crop set
Source: Own Elaboration
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B. Presentation Phase:

In this phase the neural network is already
trained and can be used to solve a given
problem.This phase describes the operation of
the Data Analysis and Measurement modules
that were designed and coded using the Java
programming language and that were added to
the expert system version 2.0 for its operation,
using the prototype model. It is important to
emphasize that for the purposes of this work
only the two modules will be described, as the
functionality of the entire expert system version
2.0 will be the subject of future work.

Crop rotation

The practice of planting different crops
sequentially on the same piece of land to
improve soil health, optimize nutrients, avoid
pests, diseases and weeds. Figure 6 shows the
4-group 8-family crop rotation model that was
used for the neural network tests.

UMBELIFERAS
AT TN
Ao
EILIACEAY CRUCIFERAS
A cw
Cetnlla Rbutrn

Teocab

COMPUESTAS
Lechngs
QUENOPODIACIAS
Betubel
Avelpn
Espmnca
CUCURMITACEAS
Calahinzs
Calatacin
Pegung

Figure 6 Crop rotation, 4 groups 8 crop families and
rotations

Source: (Pellicer, 2015)
https://blog.mundoikos.com/familias-de-cultivos-y-
rotaciones/

Crop rotation description

The rotation cycle starts with the first crop of
Solanaceae, a demanding family as it requires a
large amount of nutrients, especially
nitrogen(N). For this, if the soil is not rich in
organic matter, it is advisable to add it,
fertilizing it before sowing; once we have
finished with the solanaceae, it is suggested to
plant leguminous or cruciferous plants.
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Both families are considered as
improvers, mainly due to their characteristics in
relation to the soil. Leguminous plants maintain
a symbiosis in the soil with microorganisms of
the Rhizobium genus, which fix atmospheric
nitrogen and incorporate it into the soil, while
crucifers are plants that improve soil structure
due to their tap roots and also reincorporate
sulfur (S) into the soil.

The next to be sown are the crops of
medium demand, such as composites,
quenopodiaceae or cucurbits.

Finally, there are the umbellifers and
liliaceae, both of which are not very demanding
at the nutritional level and leave the soil ready
to be fertilized again and start the rotation
cycle. (Pellicer, 2015).

Development Methodology

For the operation of the two modules the
Prototyping model was used, this model aims at
the direct participation of the customer in the
construction of the required software, helps to
improve the understanding of what is to be
developed when the requirements are not clear
and serves as a mechanism to identify and
define the requirements of the software, also the
prototype evolves through an iterative process,
(Pressman, 2010, p. 37).

Figure 7 shows the  stages:
communication, rapid plan, rapid modeling and
design, prototype construction, deployment,
delivery and feedback.

Plan répido

Comunicacién \
\ Modelado

Disefio rapido

Despliegue
Entrega y
Retroalimentacion

Construccion

del
prototipo

Figure 7 Model stages in prototypes
Source. (Pressman, 2010, p. 37)
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Development of the stages

First iteration:

A.

Communication stage, in this first stage
interviews were conducted with the
farmer to find out what were the real
needs and problems presented, for
example: identify manual processes,
irrigation system, manual preparation of
manure, fertilization, planting periods,
harvesting, cutting, weather conditions
in terms of humidity and temperature,
type of crops planted, number of
harvests, information that served to
define the requirements, the definition
of both general and specific objectives
of the software, as well as users to
interact with the system.

For the functionality of the modules, 3

types of users were identified with different
roles and privileges to access the system:

The Administrator user, who has full
access to each of the modules, is in
charge of adding data to the user
system, new crops and new irrigation,
soil analysis, measurements.

The user Farmer, adds the data of
sowings, harvests, process log, crops,
history of sowings, harvests, crop

rotation, soil analysis and
measurements.

The guest wuser can only view
information about crops, plantings,

harvests, crop rotation, soil analysis and
measurements.

The Quick Plan stage is carried out
when the project results of the previous
stage are accepted, then an abbreviated
representation of the requirements is
developed. For this project, the Use
Case technique was used to model the
requirements of the data acquisition
module, an example of a Use Case for
obtaining sensor data is shown in Figure
8.
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Figure 8 Sensor data collection use case
Source: Source: Own Elaboration

C.

.}Q

Usuaro

In the rapid design modeling stage,
different models were designed that
serve as the basis for the correct
operation of the system, such as
sequence  diagrams, the entity-
relationship model, the circuit diagram
design and the graphical user interfaces.
As an example, a sequence diagram to
execute the data acquisition program is
shown. See figure 9.

|——_
Epcutar programa de oolencdn de dalos |

Mosyar Catos
Ph lamperatura y humedad

Figure 9 Sensor data collection use case
Source: Own Elaboration

D.

iBienvenido!

In the rapid design modeling stage,
different models were designed that
serve as the basis for the correct
operation of the system, such as
sequence  diagrams, the  entity-
relationship model, the circuit diagram
design and the graphical user interfaces.
As an example, a sequence diagram to
execute the data acquisition program is
shown. See figure 9.

usuano
contrasedia

Ingresar

Figure 10 Access to the system
Source: Own Elaboration
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E. In this stage of construction of a
prototype, the circuit was built, only
shown in Figure 11, since the
description of the functionality will be a
topic to be discussed in the future as
mentioned above.

Figure 11 Circuits
Source: Own Elaboration

F. The last stage of deployment, delivery
and feedback, the data acquisition
module was tested with the variables of
temperature, humidity = of  the
environment and pH of the soil.

Prueba DHT11
Humedad: 15.00% Temperatura: 25.00°C

Figure 12 Results of humidity and temperature of the environment
Source: Own Elaboration

Second Iteration module: Soil analysis

A. Communication stage, in which the
requirements of the soil analysis module
were analyzed, the integration of the
neural network in the expert system, as
well as the specification of the process
to obtain the data taking into account the
crop rotation technique.

B. In the Quick Plan stage, a representation
of the requirements was made by means
of use cases to model the requirements
of the soil analysis module.

C. In the Rapid Design Modeling stage,
sequence diagrams were designed, two
databases were created, both local and
remote databases using the MySQL
database management system. The
remote database serves as a backup for
the local database, if there is any
problem with it, it can be recovered
through the backup, also the remote
database is updated every time there is
an internet connection adding the
newest data. The graphical user
interfaces were also designed.
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D. Prototype construction stage, in this
stage the Soil  Analysis and
Measurements modules were developed,
and Java programming language was
used for their coding. In relation to the
operation of the Soil Analysis module, it
is linked to the Data Acquisition module
by means of the Take Measurements
button to obtain temperature, humidity
and pH measurements.

The last stage of Deployment, delivery
and feedback of the system, the design, phases,
training and functionality of the neural network
was tested.

Results

The results of the modules: Data Acquisition,
Soil  Analysis, Measurements and the
implementation of the Neural Network are
described below.

— Access to the system, to enter the
system a user name and password are
required. See Figure 13.

INICIO DE SESION

Figure 13 System access screen
Source: Own Elaboration

a) Results of the data acquisition module

To perform the tests correctly, the following
steps need to be followed:

1. Make a solution with two portions of
water and one portion of soil in a
container.

2. Shake said solution and let it stand for at
least 15 minutes.

3. Clean the electrode nozzle with a dry

and soft cloth to remove any existing
solution as it may contaminate the
sample made.
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4. After the 15 minutes of waiting, insert
the electrode nozzle into the solution.
5. Run the data acquisition program.

Once the system is accessed, select the
Soil Analysis module option, see Figure 14.

Figure 14 Soil analysis module
Source: Own Elaboration

When selecting the option, the system
first validates that there is a connection with the
data acquisition device, once validated, click on
the Take measurements button to obtain the
data, which internally takes 10 global
measurements of temperature, humidity and pH
and displays an average of the data obtained.
See figure 15.

CALCULAR

Figure 15 Take measurements button
Source: Own Elaboration

When  clickihng on the Take
measurements button, the following message is
displayed to the user, see figure 16.
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Figure 16 Temperature, humidity and pH measurement
message
Source: Own Elaboration

Figure 17 shows the values obtained
from the data acquisition module:

- PH: This text field shows the PH of the
soil obtained by the data acquisition
device.

— Humidity: This field shows the
humidity of the environment obtained
by the data acquisition device.

— Temperature: This field displays the
temperature  of the  environment
obtained by the data acquisition device.

Tamar mediciones

DATOS OBTENIDOS
e B
sdart 1040

Tewpetiuny 2460

CALCULAR

Figure 17 Values obtained
Source: Own Elaboration

b) Results of the implementation of the
Neural network

When obtaining the data, it is necessary to
select the previous family type that was
previously seeded, when clicking on it, the 8
families are shown, for this example the
Solanaceae family is chosen as shown in Figure
18.
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ANALISIS DEL SUELO
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Figure 18 Selecting the family type above
Source: Own Elaboration

Figure 19 shows the functionality of the
neural network when clicking on the
CALCULATE button, the neural network begins
to perform the analysis and shows as a result
the option of the most optimal type of crop to
be planted.

¥ Recomendacién X

%, Lared neuronal recomienda:
4, Opcion 1: Garbarzos Humedad: 21-41% Temperatura: 5-35°C pH: 6.9

Famifiz: Leguminosas

Figure 19 Result of the neural network functionality
Source: Own Elaboration

The results are:

- The most optimal type of crop to plant
is Chickpea.

- Optimum moisture values should be in
the range of 20 to 41%.

— The optimum temperature for the type
of crop to be planted should be between
510 35 °C.

- The corresponding family is the legume
family.
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C) Results of the Data Acquisition
module using the Measurements
module

When clicking on the Measurements option, the
system sends a message where the current
measurements of temperature and humidity of
the environment are being taken, see figure 20.

Figure 20 Measurement module
Source: Own Elaboration

The measurements show in real time the
temperature and humidity values, see figure 21.
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Yemparstare HumaGad

Figure 21 Measurements Module option
Source: Own Elaboration
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Conclusions

The neural network for crop rotation and soil
analysis in a greenhouse was developed with
the purpose of providing alternatives on the
type of crop to be planted through crop rotation.

With the decision of the type of crop to
be planted in the greenhouse, the risk of
production loss can be reduced.

The solution to the problem posed is
crop rotation, an alternative technique for the
types of plants that are grown in the same place
with the intention of not developing diseases
that affect a specific family of crops and
prevent the soil from being exhausted.

With the analysis of the optimal crop to
be planted, the risk of loss of production would
be considerably reduced, resulting in greater
economic gains for the farmer.

The farmer is thus assured that his crop
will obtain the best production according to the
experience and knowledge of the neural
network, in addition to optimizing the use of
the soil and reducing the incidence of pests and
diseases by interrupting their life cycles.
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