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Abstract

The consumption of chicken meat and eggs has been
increasing throughout the world in recent years, this due
to the decrease in production costs and the efficiency that
has been achieved in the production itself, resulting in a
decrease in price. to the consumer. Now, the large
industries that are dedicated to the incubation of eggs and
the raising of chickens acquire industrial incubators that
can incubate between 2,000 and 3,000 eggs at the same
time, however, for a small poultry farmer who owns a
SME (small and medium-sized business), that is a great
investment that in the long term can lead to bankruptcy.
However, that small poultry farmer can incubate his eggs
and raise his chickens facing his own challenges, not only
due to temperature or humidity regulation, but also
external threats such as foxes or reptiles, therefore, what
The aim of this project is the construction of a prototype
incubator intelligent enough to control the gestation
parameters and with sufficient capacity so that small
poultry farmers in Costa Rica can use it and have a more
precise control of the eggs and chicks that hatch in it. your
farm, achieving many correctly hatched eggs without the
risk of dying due to sudden changes in temperature,
humidity, or other factors.

Arduino, factors, incubator, parameters, production,
prototype, PYME

Resumen

El consumo de carne y huevos de gallina ha ido en
aumento en todo el mundo en los Gltimos afios, esto debido
a la disminucién en los costos de produccién y la
eficiencia que se ha logrado en la produccion misma,
trayendo como consecuencia la disminucién del precio al
consumidor. Ahora bien, las grandes industrias que se
dedican a la incubacion de huevos y crianza de gallinas
adquieren incubadoras industriales que pueden incubar
entre 2000 y 3000 huevos al mismo tiempo, sin embargo,
para un avicultor pequefio duefio de una PYME (pequefia
y mediana empresa), eso es una gran inversion que a largo
plazo lo puede llevar a la quiebra. Sin embargo, ese
avicultor pequefio puede incubar sus huevos y criar sus
gallinas haciendo frente a sus propios desafios, no solo por
laregulacion de la temperatura o la humedad, sino también
por amenazas externas como son zorros o reptiles, por lo
tanto, lo que se busca con este proyecto es la construccion
de un prototipo de incubadora lo suficientemente
inteligente para controlar los pardmetros de gestacion y
con capacidad suficiente para que los pequefios
avicultores de Costa Rica puedan utilizarla y tener un
control mas preciso de los huevos y pollitos que nacen en
su granja, logrando gran cantidad de huevos eclosionados
correctamente sin el riesgo de morir debido a cambios
bruscos de temperatura, humedad u otros factores.

Arduino, factores, incubadora,
produccion, prototipo, PYME

parametros,
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Introduction

Natural incubation is the process in which the
birds provide the right temperature and
ventilation for the embryos to develop in the
eggs. This is achieved by sitting on the eggs; for
the hen the process takes 21 days. The
incubation process takes place in a dish-shaped
nest in which the eggs are placed obliquely or
horizontally. The hen has a temperature of
40.5°C and the feathers removed from the breast
provide a temperature of 37.8°C in the centre of
the egg. Consequently, when the hen gets up to
eat, she displaces the egg to achieve adequate
ventilation, thus preventing the embryonic
membranes from adhering (Balconi, 2016).

The aim of this project is to present the
management of artificial incubation of a
fertilised chicken egg as an alternative to natural
incubation, in order to satisfactorily ensure the
development of an embryo and the hatching of a
chick, thanks to the fact that the eggs are kept at
the correct temperature, providing the perfect
conditions for hatching.

It should also be understood that there
are a variety of factors that can negatively affect
the production of fertile eggs, e.g. inadequate
light stimulation, poor chick quality, insufficient
ventilation and abrupt changes in climate among
others. The most common difficulties in the
production of fertile eggs can be divided into
three situations: low peak production, a normal
peak but production drops a moment later and,
low production from hens of average age which
is between 40 and 50 weeks of age (Breeders,
2006).

Therefore, the aim of this project is to
help small-scale poultry farmers and provide
them with chicken production without the need
of a hen and taking care of all the above
mentioned factors, also based on the fact that
laying hens do not have the instinct to take care
of an egg until it hatches, but are hens for
production only. Therefore, if you want to
reproduce this type of animal, you must have a
wet nurse or an incubator to continue the
process. With the development of this project,
the aim is to be able to produce laying hens and
broilers exclusively for this purpose.

ISSN-2444-5002
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Likewise, as this is an artificial
incubation process, the aforementioned factors
such as humidity, ventilation and temperature
must be taken into account in order to increase
the chances of success in the process and the
advantage of being able to control these
variables with the Arduino UNO board.

Theoretical development
A. Incubation

The artificial incubation of poultry eggs has been
known since ancient times. Aristotle wrote in
400 BC that the Egyptians incubated eggs
spontaneously in dung heaps. On the other hand,
the Chinese perfected artificial incubation
around 246 BC. Often, these early incubation
methods were practiced on a large scale, where
in one place they could have the capacity to
incubate 36,000 eggs (Chainé, S. M., & Pineda,
F. V.2014), as can be seen humans for
thousands of years have been practicing the art
of incubation, seeing the need for mass
production of animals for different activities,
either for breeding or for food.

The construction, use and patenting of
artificial incubators in the United States dates
back to around 1844. The Smith incubator,
which was a large room with fans providing
warm air throughout the incubation chamber,
was patented in 1918. It was the forerunner of
today's large-scale incubators, which are used to
incubate turkey, duck, chicken and other eggs
(Funk, E. M., & Irwin, M. R., 1958).

The incubation periods of each egg
depend on the species and also on factors that are
decisive in increasing the probability of success
of the process. For example, the chicken embryo
has a development period of between 50 to 99
hours. Historically, the chicken embryo was one
of the first to be studied because of its
accessibility and ease of incubation, and it can
be observed by simply opening a hole in the
shell. In addition to this, the availability of the
complete chicken genome is a source of further
information for genetic research on chicken
development. Fertilised eggs can be kept in
humid incubators, as in the early stages of
development the embryo floats in the yolk,
which allows it to nourish itself, making it very
easy to observe (Carmona, G., 2016).

ECHANDI-PACHECO Rodolfo & CARIDAD-ESTRADA
Marco. Development of an egg incubator prototype controlled
by an Arduino board to improve the production of a poultry
farm. Journal of Computational Systems and ICTs. 2023
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In addition, the regulated appearance of
structures of the musculoskeletal system allows
the exact stage of the embryo to be determined.
Consequently, some cells and tissues can also be
preserved in cell culture (Carmona, G., 2016).

On the other hand, while the egg is
growing, it remains in the hen's body, from the
segmentation of the fertilised egg, two layers are
created by a process called gastrulation. In the
next stage, the formation of the nervous system,
certain parts of the eyes, beak, feathers, nails and
skin will take place, followed by the origin of the
digestive, secretory and respiratory apparatus. In
the last stage, bone, muscle and blood
development is managed, as well as the
reproductive organs and the excretory system
(Vega, R., et al., 2012). Figure 1 shows more
graphically the complete development of the
chicken embryo.
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Figure 1 Chick embryo hatching process
Source: https://www.tri-tro.com/incubacion-pollito-
castellano/fases-del-pollito-dentro-del-huevo/

B. Arduino ONE.

The Arduino UNO board, as can be seen in
Figure 2, is one of the most popular platforms in
the world when it comes to creating electronics
projects. There are other quite similar platforms
on the market, such as the Raspberry Pi, but
Arduino is different in that it offers an open
hardware base for other manufacturers to
develop their own boards.

ISSN-2444-5002
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Figure 2 Arduino ONE R3
Source: https://nakamaelectronica.com.ar/placa-
arduino/168-arduino-uno-r3.html

In general terms, it can be said that
Arduino is widely used in the creation of
electronics projects because it is a platform that
uses open source and is based on free hardware
and software, allowing both creators and
developers to experience flexibility and ease of
use (Torrente, 2013).

The Arduino microcontroller has a single
USB port that provides its power supply, it can
also be powered from some other source such as
a battery pack, as it has a voltage regulator, as
well as all the necessary circuitry to ensure safe
and optimal operation.

It also has 14 pins, which can be used for
both input and output, to which you can connect
devices that can transmit signals between 0 to
5V.

The following table shows the
specifications of the Arduino in a more
summarised manner:

Microcontroller Atmega328

Operating Voltage 5V
Recommended input voltage 7-12V
Input voltage limit 6 — 20V
Continuous current per 1/0 pin 40 mA

Input pins - digital output
Analogue input pins 6
Flash memory 32 Kb
SRAM 2 Kb

14 (6 can be PWM)

EEPROM 1 Kb
Clock frequency 16 Mhz

Table 1 General Arduino characteristics
source: Own elaboration

ECHANDI-PACHECO Rodolfo & CARIDAD-ESTRADA
Marco. Development of an egg incubator prototype controlled
by an Arduino board to improve the production of a poultry
farm. Journal of Computational Systems and ICTs. 2023
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C. Advantages of using Arduino in electronic
projects

In the previous section we mentioned the
capabilities of the Arduino platform, but we can
also mention the following advantages when
making electronic projects:

1.  Both the software and the hardware are
open source, so there are a lot of options
for projects to develop.

2. With basic programming knowledge, you
can work with Arduino, thanks to its ease
of use and low code complexity.

3. With very little budget, it is possible to
develop projects that make any human task
easier.

4.  Itis avery versatile platform as it has the
ability to connect different components.

As mentioned above, the use of Arduino
can be complemented with multiple components
such as LED diodes, buttons and sensors among
others, however, this range of components can
be increased according to the different needs that
different developers try to solve, so we will
explain below only the components that were
used for the development of the egg incubator.

Methodology

The operation of this incubator requires some
specific devices which were used to build it and
these are explained below:

a) wooden box which will act as protection and
at the same time will be the main structure used
to install the devices and incubate the eggs, as
can be seen in figure 3.

ISSN-2444-5002
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Figure 3 Wooden box
Source: https://avicolarovi.com.ar/producto/incubadora-
microemprendimiento-lcd-digital/

b) incandescent bulb and its base, this bulb
should be between 50W and 100W depending on
the size of the wooden box, it is preferable to put
a lid on the box so that the heat is indirect. The
base of the bulb or soffit can be of any type or
brand, as shown in figure 4.

(e
VR

Figure 4 Incandescent bulb

Source:
https://sylvaniacostarica.com/producto/bombillo-
incandescente/

c) digital sensor model DHT11, it will collect the
humidity and temperature data in the incubator.
It has a capacitive humidity sensor and a
thermistor that can measure the surrounding air,
and it displays the data by means of a digital
signal via a single pin. In addition, it has a
temperature measuring range from 0 to 50 °C
with an accuracy of £2.0 °C and a humidity
measuring range from 20% to 90% RH with an
accuracy of 5% RH, as shown in figure 5.

ECHANDI-PACHECO Rodolfo & CARIDAD-ESTRADA
Marco. Development of an egg incubator prototype controlled
by an Arduino board to improve the production of a poultry
farm. Journal of Computational Systems and ICTs. 2023
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Figure 5 Digital sensor DHT11

Source:
https://www.robotechbd.com/product/sensors/humidity/d
ht11-temperature-and-humidity-sensor/

d) Relay module, for Arduino there are many
types, in this case we will use a module of two
independent relays, but you can use any one that
complies with the operation. The relay is an
electric-magnetic switch that allows the electric
current to pass and also block it in an electrical
circuit. When the coil of the relay is energised,
the normally open contact closes, allowing
electrical current to flow through the contacts
and turn on the device connected to it. When the
coil is de-energised, the contact opens and
causes the current to be interrupted, shutting
down the device as shown in figure 6.

Figure 6 Two-relay module
Source: https://altronics.cl/mod-rele-2ch

e) LCD display for Arduino, will be used to
display humidity and temperature
measurements, which will be captured by the
sensors mentioned above. The 16 x 2 blue LCD
display has a 16-character x 2-line display with
a single-port interface and serial communication
protocol (12C) for easy control by the Arduino,
as shown in Figure 7.

ISSN-2444-5002
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Figure 7 LCD Display 16x2 12C
Source:  https://www.crcibernetica.com/16x2-lcd-with-
i2c-blue/

f) DC motor, which will be used to move the fan
that will be activated when there are changes in
temperature or humidity. It operates with a
voltage of 12-24 VDC and rotational speeds
between 22-440 rpm. A picture of such a motor
is shown in figure 8.

Figure 8 Motor CC
Source:  https://www.igus.eu/info/drive-technology-dc-
motors?L=es

Incubation is a process by which a
domestic chicken embryo grows, matures and
develops into a chick. In this process, the eggs
are provided with the ventilation, temperature
and humidity required for normal development
until the chick hatches from the egg.

The hatching of hen eggs depends on
fertilisation by a cockerel. Unfertilised eggs,
commonly found in supermarkets and grocery
stores, will not hatch. After laying, embryonic
development begins and stops until the right
environmental conditions restart the process.
Fertilisation occurs when the cock's sperm joins
the egg in the hen's oviduct. During incubation,
the hen or an artificial incubator provides the
heat and humidity necessary for embryo
development. After an incubation period of 21 to
28 days, the chicks hatch and emerge, restarting
the cycle again. In the case of natural incubation,
the process will continue as soon as the hen has
laid a defined number of eggs according to her
species; entering a state called cloche, when she
stops producing more eggs due to the shutdown
of the hormonal production that governs this
process and remains incubating the eggs until the
chicks hatch.

ECHANDI-PACHECO Rodolfo & CARIDAD-ESTRADA
Marco. Development of an egg incubator prototype controlled
by an Arduino board to improve the production of a poultry
farm. Journal of Computational Systems and ICTs. 2023
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In the case of artificial incubation, some
parameters must be considered, which will be
controlled by the different elements that will be
connected to the Arduino, which will be
explained below (Santiago, L. and Ronquillo A.,
2015)

a)  temperature: the heating of the eggs in the
incubation process is achieved through
heat exchange between the eggs and the
air. The recommended temperature in the
incubation process is in the range of 37 and
38°C. If the temperature is lower than
35°C or higher than 40°C, the embryos
tend to die. The optimum temperature
level will depend on factors such as the
species of hens, the type of incubator, the
quality and size of the eggs, as well as the
age of the embryos.

b)  humidity: humidity values will decrease
the evaporation of water from the eggs in
the first week of incubation and increase it
by the time mid-incubation is reached. On
the other hand, at the end of incubation, it
is necessary to raise the humidity to 75 to
80% for white eggs and 80 to 85% for
brown eggs to soften the shell membranes
and help the chicks to hatch.

c)  ventilation control: fresh air is introduced
into the holding box by means of a fan with
a direct current motor, which is activated
in response to excess humidity or
temperature increase. All data readings
and device operations are managed by the
Arduino board, through programming
developed for this purpose.

d) rotational movement: embryo
development is enhanced when the eggs
are turned periodically during the first 18
days of incubation. In the artificial
incubation process, it is necessary to
emulate the process of turning the eggs,
since, in natural incubation, the hen is in
charge of turning the eggs periodically.
For the proposed prototype, this parameter
was not taken into account due to time and
material constraints.
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On the other hand, in order to have an
adequate and automated operation of the
incubator, the respective code must be
programmed or developed so that all the devices
work correctly.

First of all, we will read and use the
<Wire.h> library, which will activate functions
for the hardware control integrated in the
Arduino UNO. Next, we will activate and use the
<LiquidCrystal_I12C> library; which defines the
size and model of the LCD screen to be used in
the prototype, and then define the declaration of
the pins to be used for the relay, as shown in
figure 9.

@ Incubadora Arduino 1.8.13

Archivo Editar Programa Herramientas Ayuda

#include <LiquidCrystal I2C.h> // Libreria para pantalla LCD con mddulos I2C
LigquidCrystal I2C lcd(0x3F,1§,2); //tamafio de la pantalla

¢include <DHT.h> // Libreria para sensor DHT

I/ cién de pines
$¢define DHTPIN 11
#DHTTYPE DHT11

DHT dht (DHTPIN, DHTTYPE);

int Bombilla=12;
int Motor=13;

Figure 9 Initial configuration code
Source: Own elaboration

Next, in our void setup, we will be
initialising the LCD screen, defining its colour,
and using the clear command to clear it and not
see any type of number or symbol when starting
to run the program. Also, we will be initialising
all the pins that need to be used for the program,
such as the relay pin, as shown in figure 10.

& Incubadora Arduino 1.8.13

Archivo Editar Programa Herramientas Ayuda

(Bombilla, QUTEUT) ;
pi (Motor, OUTPUT) ;
dht.begin();

Figure 10 Initialisation code for display and pins
Source: Own elaboration
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In the void loop() we will be initialising
the use of the variables, which are humidity and
temperature on the LCD screen, these data will
be displayed every 2.5 seconds to have a better
view of the information.

For the last part of the program we will
be using logical operations which play an
important role in the project, because if the
temperature goes up or down our bulb will turn
on or off, the same will be with the fan. This is
so that the incubator works correctly and the
eggs can be incubated in a safe way.

Results

Once the circuit design was assembled, and
having clear the functionality of each of its
components, we proceeded to the assembly, but
not before foreseeing a correct arrangement of
each of its parts to ensure the correct operation
of the whole project, as shown in figure 11.

Figure 11 Presentation of the prototype
Source: Own elaboration

Once the prototype circuit was
assembled, an optimal environment for egg
hatching was created thanks to the temperature
regulation, which was programmed to always be
in a range of 37 - 38°C during egg incubation
and 36°C when the egg is in the hatching stage.
The humidity was regulated according to the
internal temperature of the box, this could be
changed in future projects and a humidity
regulating system could be installed, so that at
hatching time the general humidity can be raised
to make it easier for the chicks to work and the
eggshell can break even more easily.
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The temperature error is approximately
+- 2 °C, according to the measurements made,
however, it is possible to keep it within the
required range at all times. Even without a
humidity regulator and without a fan per se, the
system manages to regulate the humidity and
does not exceed the allowed limits, partly thanks
to the Costa Rican climate.

The end result is that the chicks hatch in
the required time without the problems
discussed above and external factors that would
lead to infertile eggs are eliminated.

Conclusions

By applying all the measures in the system, an
adequate control of temperature and humidity
was obtained, achieving a good result. For a
second prototype, by adding egg rotation, the
results will be optimal and most of the chicks
will hatch.

It is recommended to implement a
rotation system and a humidity regulator.
Although during the testing period it was
observed that the measurements are quite
regular, this is due to the Costa Rican climate.
However, in order to have as much control as
possible, the rotation should be automated, as
leaving the rotation in charge of a human makes
the system less accurate, as the box is constantly
being opened, which generates changes in
temperature.

If it is considered that the poultry farmer
could have more than one incubator, it is also
suggested to add a time module to be able to
keep track of the days of incubation of the eggs
on the LCD. This would avoid confusion and
allow more control by the producer.

It is necessary in 100% of the cases to
make sure that the chosen egg is not only
fertilised, but also that it is in its incubation time;
the first test that was done was with eggs that
were already old and did not work for hatching.
In addition, after each hatching process, the box
should be cleaned very well, as it is made of
wood and collects fluids that could deteriorate it
over time.
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Abstract

The Game of Life, created by John Conway in 1970, is a
solitary game that utilizes a grid of living or dead cells.
Through simple rules of interaction, the game evolves
automatically from an initial configuration set by the player.
The game takes place on a theoretically infinite grid, although
in practice, a finite grid is used due to physical or
programming limitations. Each cell interacts with its
neighbors following predefined rules. This project employed
the JavaScript library React.js to implement a graphical
interface that allows the user to interact with the Game of Life
and observe the generated patterns. An application was
created that displays a grid where different patterns and
configurations can be applied, and the simulation speed can
be controlled. It serves as a model for understanding and
studying complex and dynamic phenomena. By exploring
and applying it in programming using tools like React.js, a
better understanding of dynamic systems and pattern
generation can be obtained. The obtained results showcase
the evolution of the game over time, generating changing
patterns and demonstrating the complexity and diversity of
emergent behaviors.

Life, Conway, React.js

Resumen

El Juego de la Vida, creado por John Conway en 1970, es un
juego solitario en el que se utiliza una cuadricula de celdas
vivas 0 muertas. Mediante reglas simples de interaccion, el
juego evoluciona automaticamente a partir de una
configuracion inicial establecida por el jugador. El juego se
desarrolla en una cuadricula teéricamente infinita, aunque en
la practica se utiliza una cuadricula finita debido a
limitaciones fisicas o de programacion. Cada celda interactlia
con sus vecinas siguiendo reglas predefinidas. Este proyecto
empleo la biblioteca de JavaScript React.js para implementar
una interfaz gréafica que permitiera al usuario interactuar con
el Juego de la Vida y observar los patrones generados. Se cre6
una aplicacion que muestra una cuadricula en la que se
pueden aplicar diferentes patrones y configuraciones, y
controlar la velocidad de la simulacién. Sirve como modelo
para comprender y estudiar fenémenos complejos y
dindmicos. Al explorar y aplicarlo en la programacion
utilizando herramientas como React.js, se puede obtener una
mejor c’omprension de los sistemas dinamicos y la
generacion de patrones. Los resultados obtenidos muestran la
evolucién del juego a lo largo del tiempo, generando patrones
cambiantes y demostrando la complejidad y diversidad de los
comportamientos emergentes.

Life, Conway, React.js
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Introduction

The Game of Life, created by John Conway, was
presented to the public in October 1970 through
Scientific American magazine, in the section of
mathematical hobbies. This solitaire game
introduced a new form of entertainment and
mental challenge.

Although it is called a "game", it differs
from conventional games in that it only requires
the initial intervention of a participant to
establish the initial configuration. From there,
the game develops automatically following
predefined rules. For this reason, it is considered
a zero-person game and, at best, a one-person
game.

The game is played on a theoretically
infinite grid, but in practice, a finite grid is used
due to physical limitations or programming
constraints. Each cell in the grid can be in two
states: alive or dead. These cells interact with
each other at every step of the game, creating
complex patterns and behaviors.

The Game of Life has well-defined rules
of interaction. Each cell can be born, die, or
survive in the next step of the game, depending
on the number of living neighboring cells
surrounding it. These simple rules give rise to
emergent behaviors and complex patterns as the
game progresses through time.

In this project, React.js, a JavaScript
library, was used to implement a graphical
interface that allows the user to interact with the
Game of Life and observe the patterns generated.
An application was developed that displays a
grid on which different patterns and settings can
be applied and control the speed of the
simulation.

The results obtained show how the game
evolves over time, generating changing patterns
and demonstrating the complexity and diversity
of emerging behaviors. The Game of Life finds
applications in various areas, such as biology,
physics, computation, and complex systems
theory. It serves as a model for understanding
and studying complex and dynamic phenomena.
By exploring and applying the Game of Life in
programming using tools such as React.js, a
better understanding of dynamical systems and
pattern emergence can be gained in various
disciplines.
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This fascinating mathematical game
demonstrates how simple rules can give rise to
complex behaviors, and its study allows us to
delve into the world of dynamical systems and
pattern generation. (Nuno Silva, 2005)

Game of life

The Game of Life, created by John Conway, was
introduced to the public in October 1970 in the
mathematical hobbies section of Scientific
American magazine. The article titled "The
fantastic combinations of the new solitaire game
Life" introduced this new form of solitaire play.
Although it is called a "game", its nature differs
from the conventional, since it only requires the
intervention of a participant to establish the
initial configuration. From there, the game
develops automatically. For this reason, it could
be classified as a zero-person game and, at best,
a one-person type.

In theory, the game is played on an
infinite grid. However, in practice, the grid is
usually finite due to physical limitations or
computer programming constraints. In addition,
limited space is often used for efficiency
reasons. The units that make up the grid are
called cells or cells, and can also be referred to
as "squares" since actions are considered to be
performed on a board.

Since the grid is assumed to extend
infinitely in all directions, each cell has eight
adjacent cells. These eight cells form the vicinity
of the cell in question. This neighborhood
configuration is  known as  Moore's
neighborhood. However, there are variants of
the game that use different neighborhoods by
considering a different number of neighboring
cells, which are not necessarily adjacent to the
given cell.

Each cell can be alive or dead (active or
inactive). These two states change at each step
of the game depending on the number of living
cells in the vicinity of the cell. The convention
used is that live cells are represented by color,
while others are not. In addition to these two
possible states, the term "organism™ is used to
refer to each living cell and "population™ to
describe the set of all cells in that state. (Heredia,
2016).

ABRIL-GARCIA, José Humberto, GRIJALVA-ACUNA, Juan
Carlos, ALCANTAR-MARTINEZ, Adelina del Carmen Violeta
and MEZA-IBARRA, Ivan Dostoyewski. Game of life
simulation with React.js. Journal of Computational Systems and
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In this game, time unfolds discreetly,
moving from one step to the next. For every
moment, there is an immediate successor.

Hereinafter, the terms "configuration”,
"cell arrangement™ and "cluster" will be used
interchangeably to refer to the set of cells active
in each step of time. On the other hand, the term
"pattern” will be used to describe the sequence
of configurations that can be obtained from a
specific configuration as time passes. It is also
important to note that there is a zero moment
(initial moment), moment one, moment two, and
so on, and the corresponding configuration is
called generation 0, generation 1, and so on.

At each step of time, a cell can maintain
its state or change it according to the following
transition rules or functions:

1. A living cell will survive the next generation
only if it has exactly 2 or 3 living neighbors.

2. An inactive cell will activate only if exactly 3
of its neighbors are alive.

3. In any other case, the cell will be dead in the
next step. (Heredia, 2016)

Rules

The rules of interaction in the game are as
follows:

1. Born: If a cell is turned off (zero value)
and has exactly 3 living neighbors
around, the cell lights up (value one).

celda

Figure 1 Born

1. Dies: A cell changes its state from on to
off if any of the following conditions
occur: if the cell has only one neighbor,
it dies from isolation; or if the cell has
more than three neighbors, it dies from
overcrowding.
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celda
celda
 —
Figure 2 Dies
2. Survive: A cell stays on if it has 2 or 3

neighbors around.

-

Figure 3 Survives

celda

-

Applying these rules to all cells in the
grid generates new behaviors that are not
encoded in the original rules. From an initial
configuration (set of cells lit at zero time),
specific patterns can emerge, such as fixed or
periodic structures. (Universidad Nacional
Auténoma de México, 2020)

Description of the tools.

React.js, more commonly known as React, is a
free and open-source JavaScript library. It works
best to build user interfaces by combining
sections of code (components) into entire
websites. Originally built by Facebook, Meta
and the opensource community that now
maintains it. One of the good things about React
Js is that you can use it as much or as little as you
want! For example, you can build your entire site
in React Js or simply use a single React
component on one page. (Truong, 2015)

React.js is built using JSX, a
combination of JavaScript and XML. Elements
are created using JSX, and then JavaScript is
used to render them on the site. While React has
a steep learning curve for a junior developer, it's
quickly becoming one of the most popular and
in-demand JavaScript libraries.

React is considered a JavaScript library
rather than a framework, while the other options
we'll consider today are considered frameworks.
It helps to think of a library as a tool that
developers could use in any project and a
framework as a complete design.

ABRIL-GARCIA, José Humberto, GRIJALVA-ACUNA, Juan
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There has been a massive increase in the
popularity of React.js, as found in State Of JS
studies. This is partly due to its flexibility and
speed of development, but also helped by the
fact that it is backed by Meta, which makes
developers and businesses feel confident in their
decision to use React. Therefore, the demand for
React developers is very high. As a result, there
is a wide range of jobs for developers who know
how to use React. (Harrison, 2022)

Methodology
Hardware and software specifications.
The hardware used in this project was:

1. Macbook Air (13-inch, Early 2015),
1.6GHz Intel Core i5 processor, 8GB
DDR3 1600MHz memory, 1536MB
Intel HD Graphics 6000

The software used in this project was:
1. macOS Monterrey
2. Visual Studio Code version 1.76.2
3. React version 17.0.2

After installing all the necessary tools to
develop a React js application we show a grid
that can be viewed in full screen or in a smaller
window but large enough to show a large
number of cells.

Figure 4 Grid

For the user to interact with the application we
create a navigation bar with different options
that are:

1. Start simulation.

2. Random pattern.

3. Transparent dashboard.
4. Velocity.
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With the Start Simulation option, the
application starts the simulation following the
rules required for an accurate and correct
Conway life game.

Figure 6 Random pattern and speed options

The Random Pattern option gives you a
random pattern in the grid every time you press
the button, but you can also create your own
pattern and use it for the purpose of learning and
experimentation.

The Clear Board option clears the pattern
from the grid, but it can only be used if the
simulation has stopped, when you press Start
Simulation, the Clear Board button is enabled.
The speed option has 3 options which are Fast,
Average and slow so you can see at a slower or
faster pace how the simulation works.

Figure 7 Random pattern and speed options
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Results

Figure 12 Change of pattern over time

Figure 8 Initial stage without pattern Annexes

Figure 13 ControlNavBar Code Snippets

Figure 11 Change of living and dead cells
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setlellSelected= «props.setlellSelected
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Figure 15 Index code shippet
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Conclusions

The Game of Life, created by John Conway, is a
solitaire game in a grid of cells where each can
be alive or dead. Through interaction rules, the
game automatically evolves from an initial
configuration set by the player. React.js was
used to implement a graphical interface that
shows the evolution of the game and allows the
user to interact with different patterns and
settings.

The Game of Life has applications in
biology, physics, computation, and complex
systems theory. It shows how simple rules
generate complex behaviors and its study in
programming provides a better understanding of
dynamical systems and the emergence of
patterns in various disciplines.

Interaction rules determine the state of
each cell in the next step of the game. A cell is
born if it is turned off and has exactly three living
neighbors, dies if it has fewer than two or more
than three living neighbors, and survives if it has
two or three living neighbors. Applying these
rules to all cells in the grid generates complex
patterns and behaviors that emerge from the
initial configuration.

The results obtained show how the game
evolves over time, generating changing patterns
and demonstrating the complexity and diversity
of emerging behaviors.

The Game of Life is a fascinating
mathematical game that demonstrates how
simple rules can lead to complex behaviors. Its
study and application in programming with tools
such as React.js allow to explore and better
understand dynamical systems and the
emergence of patterns in various disciplines.
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Abstract

A technological development is presented that is based on
the discipline of mechatronics and adjacent area, home
automation, and how these disciplines can improve the
quality of life through intelligent control systems in homes
and institutions. It focuses specifically on environmental
conditioning and air conditioning, highlighting the
importance of maintaining a comfortable environment for
activities such as learning. The research objectives are
focused on developing an ambient air conditioning system
using programming with Arduino and its integration into
the structure of an academic classroom, with the purpose
of improving student performance. The scope of this
development seeks the integration of these systems to
provide social and academic benefits, focused on
improving the comfort of students and teachers by
controlling environmental factors such as temperature,
pressure and humidity. In addition, alignment with the
Sustainable Development Goals is contemplated.

PLC (Programmable Logic Controllers), Home
automation and air conditioning

Resumen

Se presenta un desarrollo tecnol6gico que se fundamenta
en la disciplina de la mecatrénica y &rea adyacente, la
domética, y como estas disciplinas pueden mejorar la
calidad de vida a través de sistemas inteligentes de control
en viviendas e instituciones. Se enfoca especificamente en
el acondicionamiento del ambiente y la climatizacion,
destacando la importancia de mantener un ambiente de
confort para actividades como el aprendizaje. Los
objetivos de investigacion se centran en desarrollar un
sistema de climatizacion  ambiental  utilizando
programacion con Arduino y su integracion en la
estructura de un aula académica, con el propdsito de
mejorar el rendimiento de los estudiantes. El alcance de
este desarrollo busca la integracion de estos sistemas para
brindar beneficios sociales y académicos, enfocados en
mejorar la comodidad de los estudiantes y docentes
mediante el control de factores ambientales como la
temperatura, presion y humedad; ademas se contempla la
alineacion a los Objetivos de Desarrollo Sustentable.

CLP (Controladores logicos programables), Domética
y climatizacion
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Introdution The innovation presented by this

Educational infrastructure can be understood as
the set of physical facilities and services that
allow the functioning of a school, as well as the
development of daily activities. It must meet
specific requirements of quality, safety,
functionality, timeliness, sustainability and
permanence in order to provide the right
physical environment for learning (Garcia,
2007; INEE, 2015).

Considering that a suitable environment
must be offered for the best use of students, air
conditioning is important to establish control
over the environmental conditions of a
controlled space. It is defined as the process of
air treatment that takes place over a period of
time, controlling the temperature, relative
humidity, purity and speed of the air in spaces,
to create suitable conditions for user comfort
(CONUEE, 2016).

If an environmental climate control
system is improved through programming with
Arduino in addition to its integration into the
structure of a classroom, it is possible to achieve
a better use of students and teachers by providing
them with a more pleasant thermal environment,
so this technological development aims to
maintain a state of comfort within educational
spaces through the integration of air
conditioning and control systems, also making
use of sensors that are monitored by PLC's such
as Arduino, heating resistors and mechanical
cooling systems.

The implementation of a development of
this type is important because, through the
application of mechatronics in the field of home
automation, programmable mechanisms can be
integrated to control automated systems in the
infrastructure. In the education sector, where the
comfort and performance of students and
teachers is affected by environmental factors,
technological advances can be generated without
compromising the space inside the classroom,
providing balance in environmental conditions,
such as air conditioning.
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development is based on the integration of PLC
programmable logic controllers for the
management of the various processes that will be
carried out through the analysis of data collected
by sensors. Itis also intended that the system will
be located inside a concrete structure, which will
allow better temperature conditions inside the
classroom, will take up less space and will have
better control of the environment.

This development is simulated in
prototype format, staging a classroom with real
characteristics and promoting the fulfilment of
sustainable  criteria that allow quality
environments for users and the application of
technology in innovations  within  the
infrastructure.

Literary foundation
Programmable Logic Controller, PLC

A Programmable Logic Controller -PLC-, is
based on a microprocessor that uses
programmable memory to store instructions and
to implement algorithmic functions in sequence,
time counting and logical arithmetic to control
events and can be easily reprogrammed to adapt
to different tasks. This type of control system is
widely used in industry due to its flexibility
(Bolton, 2017).

PLCs can be used in processes that
require a high degree of safety, accuracy, and
precision in their operation, making them
suitable for the implementation of new advanced
control techniques. PLCs are an example of a
real-time system, where input conditions give
output results within a given time (Bolton,
2017).

Domotics

The word Domotics, by etymological definition,
means that the house works by itself, it is not
only related to comfort, but, among its purposes,
energy saving, property protection -security and
surveillance- and the use of renewable energies
-new sources of energy and heat- are considered
(RAE, 2014).
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It's rapid evolution is due to the
increasingly accelerated pace of life and the
advance of electronics and computer
technology, which  have flooded the
environment with televisions, telephones, fax
machines, modems, networks and computer
systems, through integrated technological
systems (Morales, 2011).

Climate control

Air conditioning is a set of techniques and
processes used to control the environmental
conditions in an indoor space in order to provide
thermal comfort, air quality and, in some cases,
humidity control. This process is applied in
residential as well as commercial and industrial
buildings, and encompasses heating, ventilation
and  air-conditioning  systems  (HVAC
SYSTEMS, 2014).

Heating in air conditioning involves the
generation of heat to maintain a comfortable
internal temperature. This can be achieved
through radiator systems, underfloor heating,
boilers, cookers, among others. The aim is to
counteract heat losses from the environment,
especially in cold climates (HVAC SYSTEMS,
2014).

Ventilation is responsible for renewing
and distributing the air inside a space. It helps to
remove pollutants and provides fresh oxygen.
Ventilation systems can be natural through
windows and openings. Or mechanical, such as
air extraction and injection systems (HVAC
SYSTEMS, 2014).

Sustainable Development Goals

The Sustainable Development Goals - SDGs -
proposed to be achieved by 2030, as guidelines
for human development, consider in their
sections, the quality of infrastructure, so that
SDG 9 "Industry, innovation and infrastructure”,
directly impacts on innovations in relation to
mechatronics engineering (UN, 2016).

SDG 4, "Quality education”, promotes
the construction of educational facilities that
take into account specific needs and SDG 11
"Sustainable cities and communities” because it
focuses on the construction of sustainable spaces
(UN, 2016).
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Methodology

With an applied approach of mixed research and
explanatory information management, a
methodology based on the knowledge of the area
of mechatronics is proposed; the general
objective is the creation of a technological
development that is innovative by integrating an
environmental climate control system through
programming  with  microcontrollers  and
integration in the structure of a classroom -wall-
, to promote the best use of students (Hernandez,
2018).

In order to achieve the objective, the
methodology followed is presented in phases to
build and programme the operation of the
device. In these, firstly, a planning is developed,
such as the main tools that must be used to build
the structure designed in its physical aspect and
to propose the operation based on these sketches
and design in CAD software.

The programming of the microcontroller
to be used is carried out considering the
characteristics of the main materials to be able to
simulate the essential functioning of the
structure. Afterwards, in the manufacture,
according to the previous designs, the
corresponding measurements of each part of the
structure must be taken to be able to adapt them
correctly.

Once this phase is completed, the
structure is manufactured by implementing the
microcontroller and all the tools in order to be
able to carry out the first operational tests and
demonstrate the quality of the technological
development.

Results

The technological development of the obtained
air-conditioning system consists of a room with
four walls, two of which are made of MDF wood
and the other two of which are made of plaster,
in which the hose was placed inside.
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Figure 1 Wooden walls with hose added inside the plaster.
Source: Own elaboration.

With this system of hoses inside the wall,
it is intended to transport the water that is inside
a device, which in turn contains a resistance,
which is responsible for heating the water, in
addition, there is a water pump to provide the
liquid to the system.

Figure 2 Water pump with resistance in the water tank.
Source: Own elaboration.
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The pump also has the function of
expelling the previously heated water from the
tank to the walls, thus heating the room to a
temperature of 22 to 23 degrees for a better
comfort of the student at the moment of
studying.

Ideal temperatures for humans
Degrees Celsius

<19°C Low temperature

20-25°C Comfortable and  suitable
temperature

>25°C for people

Table 1 Temperatures for quality at work.
Source: Own elaboration based on WHO (1987).

This is done by means of a code in the
Arduino microcontroller in which, when a
temperature of less than twenty-four degrees is
detected, the resistance in the tank is activated to
heat the water and the pump starts to transport
the water through the hoses inside the walls.

On the other hand, when the temperature
exceeds twenty-five degrees, a fan placed in one
of the MDF wooden walls is activated and the
room can be cooled down, thus maintaining a
temperature between the ideal range of twenty-
four and twenty-five degrees.

This can be controlled by a temperature
and humidity sensor DHT11, which was placed
inside the room in order to monitor the
temperature inside the room and by means of an
LCD display it can be seen what temperature is
being detected by the DHT11 sensor.

Figure 3 Cooler to cool the structure.
Source: Own elaboration.
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Figure 4 Temperature reading sampled on LCD.
Source: Own elaboration.

Conclusion

A functional technological development was
obtained in the form of a scale prototype, due to
the invasive nature of the structure of an
educational classroom, called a compact air
conditioning system.

It is an economical development and
does not use fossil fuels to achieve the desired
temperature balance.

The sustainable essence is observed in
heating the water, as well as reusing it through a
closed system that allows it to be transported to
the system through hoses that are located inside
the walls and thus avoid wasting the water used
to air-condition the room.

All this is controlled by an Arduino
microcontroller, which was loaded with a code
developed to activate the water pump, the
resistance that will be in charge of heating the
water that will be transported to the walls and an
extractor which will be in charge of expelling the
hot air that is inside the room.

This technological development can be
improved by changing the material with which
the walls of the room can be built for a material
that can heat up faster, an example of a material
could be wood as it conducts the temperature
more easily. There is a wide scope for
improvement as the project is still in the
prototype phase.
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Abstract

In the last decade, the energy industry has taken a great social,
environmental and economic impact due to the exponential increase in
the use of fossil fuels. World governments have come to the conclusion
that it is necessary to promote research and development of renewable
energy technologies for their global exploitation. The energy potential of
the Sun is shown as one of the most adaptable alternatives for domestic
and industrial uses. Several mathematical models of direct solar radiation
have been carried out using various solar tracking strategies; The
importance of these systems lies in optimizing the amount of solar
radiation in any type of collector. In this research work, the mathematical
analysis of incident solar radiation on a flat surface is proposed using
MATLAB of various solar tracking schemes in clear sky conditions for
the geographical coordinates and climatological conditions of the city of
Zacatecas. When comparing the different cases of solar tracking, the
following is observed: (a) More solar radiation reaches the surfaces that
comply with some sun tracking scheme per month, compared to those
surfaces that do not move. (b) The surface that receives the least amount
of solar radiation every month is the horizontal surface. The solar
irradiation per month estimated for this case is approximately 25% below
the maximum calculated value corresponding to the monitoring of
heliotrope-type solar collection. Regarding the comparative analysis of
the data obtained, it can be seen that: The clear sky model prepared by
ESRA has a behavior very close to the data from the Zacatecas_04
Solarimetric Station, having a difference with a maximum value of
0.13% for the month of January same year.

Solar concentrator, Solar radiation, Model

Resumen

En la Gltima década la industria de los energéticos ha tomado un gran
impacto social, ambiental y econémico debido al aumento exponencial
del uso de los combustibles fésiles. Los gobiernos mundiales han Illegado
a la conclusion de que es necesario fomentar la investigacion y desarrollo
de tecnologias de energias renovables, para su explotacién global. El
potencial energético del Sol, se muestra como una de las alternativas con
mayor adaptabilidad para los usos domésticos e industriales. Varios
modelos matematicos de la radiacion solar directa se han realizado
utilizando diversas estrategias de seguimiento solar; la importancia de
estos sistemas radica en la necesidad de optimizar la cantidad de
radiacion solar en cualquier tipo de colector. En este trabajo de
investigacion se plantea el analisis matematico de la radiacién solar
incidente en una superficie plana empleando MATLAB de diversos
esquemas de seguimiento solar en condiciones de cielo claro para las
coordenadas geograficas y condiciones climatolégicas de la ciudad de
Zacatecas. Al hacer la comparacion de los diferentes casos de
seguimiento solar se observa lo siguiente: (a) Llega méas cantidad de
radiacion solar por mes, a las superficies que cumplen con algin esquema
de seguimiento del sol, con respecto a aquellas superficies que no se
mueven. (b) La superficie a la que menos captacion de radiacion solar
incide mensualmente es la superficie horizontal. La irradiacion solar, por
mes estimada para este caso se encuentra aproximadamente en un 25%
por debajo del maximo valor calculado correspondiente al seguimiento
de captacion solar de tipo heliotropo. Respecto al analisis comparativo
de los datos obtenidos se puede apreciar que: EI modelo de cielo claro
elaborado por ESRA tiene un comportamiento muy cercano a los datos
de la Estacion Solarimétrica Zacatecas_04 teniendo una diferencia con
un valor méximo de 0.13% para el mes de Enero del mismo afio.

Concentrador solar, Radiacién solar, Modelo
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Introdution In the particular case of solar

The exponential increase in the generation and
exploitation of fossil fuels for use as regular
energy sources (Brockway, 2019) has generated
a great environmental, social, and economic
impact. Therefore, the use of green energies is
essential, thus playing a fundamental role in the
scientific and technological development of the
last decade.(Tabrizian, 2019). The use of
renewable energies has spread over time, in
particular, solar energy since the Sun is an
inexhaustible source of energy. For example, in
the state of Zacatecas, studies have been carried
out(Rivera, 2009),(Zapata, 2012),(Rodriguez,
2018),(Pimentel, 2019), which demonstrate their
great energy viability with respect to the solar
resource, both  for  photovoltaic and
photothermal processes. The solar radiation that
reaches the outer limit of the atmosphere is 1360
W/m2. On the Earth's surface, in regions of low
latitude and high heliophany (“transparency" of
the atmosphere) they can reach, at midday, up to
just over 1000 W/m2. Figure 1 illustrates the
solar spectral irradiance at sea level and outside
the atmosphere. This energy density enables
thermal applications of solar energy, such as flat
solar collectors or indoor crops.(Arancibia,
2010).
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Figure 1 Solar spectrum at the top of the atmosphere and
at sea level
Source: (NASA, 2010)

In general terms, solar energy harvesting
technologies can be classified as solar thermal
and solar photovoltaic; Regarding the former,
there are various applications, ranging from flat
solar collectors for heating fluids such as water
with applications for use in the home or process
water at low temperatures.(Ahmadi, 2020).
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concentrators, whether parabolic dish, parabolic
trough and flat surfaces, applications have been
made to the steam or fluid generation industry at
high temperatures, as well as in conjunction with
the implementation of a small Stirling engine
and thus generate electric power(Lai, 2019). In
relation to photovoltaic applications, solar
radiation is directly converted into electricity,
through the so-called photovoltaic effect, which
occurs when illuminating the joining surface
between the two different materials which form
a photovoltaic panel or cell. Using battery-
backed solar panels, it is possible to power a
wide variety of small, isolated
applications.(Fernandez, 2017).

Quantifying the solar radiation that
reaches the Earth's surface has been a problem
that has been fully addressed since the beginning
of the 20th century. Several models for
estimating diffuse radiation over inclined planes
were developed in the 1960s.(Souza, 2019). In
2018 Gonzélez and collaborators(Gonzalez,
2018)developed various strategies for stepwise
tracking of the sun on flat surfaces, in order to
determine the precision for the solar tracking
system and also the portion of energy that is not
possible to collect, depending on the time
between each interval or measurement step in
the Sun tracking. Modeling direct solar radiation
on a horizontal surface can be performed using
several sun tracking strategies; The importance
of solar tracking systems lies in the need to
optimize the amount of solar radiation in any
type of collector. Currently there are several
works in literature for the optimization of solar
energy intercepted by the different equipment
configuration schemes in one or two Sumathi
axes in 2017.(Sumathi, 2017), recapitulates
other solar tracking methods, as well as the most
efficient algorithms for solar collectors. Huang
and collaborators, for their part, developed an
intelligent controller in 2016 capable of
randomly tracking the sun.(Huang, 2016).
However, these works focus on continuous
monitoring systems of the Sun and photovoltaic
optimization of solar panels.
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There are also various works such as the
one presented by Shehzad and
collaborators(Shehzad, 2016)that present a
model for the estimation of solar radiation
considering the laminar flow of Oldroyd-B
through a thermal surface stratified with
nanoparticles of various Carbon compounds in
the presence of thermal radiation, said work is
representative due to the high rate of approach or
efficiency to data obtained at the study site
greater than 75%. It is important to mention that
in the research work(Shehzad, 2016), previously
mentioned, the complexity of the calculation of
solar radiation is noted due to the study of the
fluid under the aforementioned conditions,
calculations that for the practical study of solar
radiation become an obstacle to its use and
optimization. A study that provides the basis for
the research work carried out is the one
presented by Ur Rehman(Ur Rehman, 2018),
work that proposes the use of ray modeling for
the analysis and optimization of a solar collector
with a flat reflector, analogously solar tracking
schemes were used through angular change but
unlike Ur Rehman's work, a change in
measurement was implemented of the solid
angle and its change due to the azimuthal and
zenith angles during a specific solar day, a
change that theoretically increases the similarity
of solar behavior present in reality.

In this research work the results are
presented for various solar tracking schemes for
the geographical conditions of Zacatecas
(Latitude 22.7725 N, longitude 102.6436 E and
altitude 2,240 m). The same schemes were
applied for radiation data obtained by using the
clear sky model developed by the European
Solar Radiation Atlas (ESRA).(Palz, 1996);
Solar radiation was calculated in its main
components using routines in MATLAB; which
were: global radiation, normal direct radiation
and diffuse radiation. These data were the basis
for the calculation of the daily irradiation on a
flat surface at different solar tracking strategies,
such as: stepwise tracking and the concentration
portion due to the varying acceptance angle with
different time intervals.
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Given the high costs involved in
evaluating incident solar radiation in a given
location due to the cost of recording equipment,
and given the urgency of achieving the
feasibility of using other alternative energy
sources to fossil fuels, in the 1990s In the
seventies, various researchers in science and
technology tested the application of alternative
methods for evaluating solar radiation with
cheaper and simpler instruments and
methods.(Antonopoulos, 2019), to achieve this,
knowledge about the dynamics of solar radiation
has been deepened, so that by obtaining tables
and abacuses for calculating theoretical solar
radiation(Samadianfard, 2019), plus the
knowledge of the characteristics of the other
meteorological and atmospheric parameters, it
has been possible to develop models for
estimating solar radiation(Zang, 2019). One of
the first models was the one developed by
Angstrong and Prescot(Angstrom,
1924),(Mabasa, 2020), based on data on daily
hours of sunshine, also called heliophony.

Although sunshine hour recording
equipment is less expensive than pyranometers,
they are equally expensive for the generality of
characteristics of the solar radiation incident on
the surface of the study site. Subsequent studies
for the mathematical modeling of global solar
radiation on horizontal surfaces have been
elaborated by modifying the model developed
by Angstrong and Prescott and have been widely
used in the estimation of global solar irradiance.
Skeiker et al.(Skeiker, 2006), They found the
relationship that exists inbetween global solar
radiation and various astronomical factors such
as the solar constant, the Earth-Sun distance,
solar declination and the sun's hour angle; as
well as the correlation of geographical,
geometric, physical and meteorological factors
for modeling the solar resource. This model has
a maximum error of 8.3%. The history of
research studies for the estimation of global solar
radiation can be summarized as follows: Tiris et
al.(Tiris & Tiris, 1996), they developed
equationsempirical data for the daily monthly
average for global horizontal irradiation, normal
and diffuse radiation with the maximum fraction
of hours of sunlight. In another study, Tiris et
al.(Tiris M. C., 1996)employs correlations for
the global daily monthly average and solar
radiation diffuse for a darling clear with
reasons statistics and they concluded with the
bases for he model empirical of the solar
radiation global.
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He job of investigationandxposedpor
Ramirez and collaborators (Ramirez, 2017),
presents a modeling solar mathematician in
different sun tracking schemes for Mexico City,
in this work the clear sky model developed by
the European Atlas of Solar Radiation and its use
in the development of routines in a mathematical
environment for programming using MATLAB
of said model. The bases of the solar tracking
schemes that were selected and used for this
research work are also presented. An important
part for modeling are solar tracking systems
since they are necessary to promote the
collection of solar energy, especially in
applications such as concentration systems.
These systems can be grouped into two types:
The first type is Single Axis Followers. Which
can be: The Vertical Axis Follower, which can
be represented by the mathematical model of
equation 1(Tiris & Tiris, 1996); The Horizontal
Axis Follower, represented by equations 2 and
3; and the Inclined Axis Follower, modeled by
equation 4). The second type is Two-Axis
Trackers.

Mathematical model used in this research:

a)  For the vertical axis:

%(;59) = —sinf,sinf sin(y;—y) =0 (1)

Itis fulfilled if y, =y, then
cos @ = cos S cos B, + sin B sinf,
If B is a constant

b) For Horizontal Axis with daily
adjustment

cos @ = sin®§ + cos® & cos w (2)
Tilt adjusts to: B = |0 — §|

Si(@—8)>0; y=0°
Si(p—6)<0; y=180°

c) For Horizontal Axis with continuous 3
adjustment

cosf = 1 — cos? § sin? w (3)
Tilt adjusts to:

tan f = tan 6, |cos ys|
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Siys <90° y=0°
Siys >90° y = 180°
d)  For Inclined Axis
cos 8 = cos 8 cos B, + sin 8 sin 8, cos(ys — ¥) 4
Considering that:

Y = Vs + 180 CICZ

Where:
, . [sin@,sin(ys —y")
Yo=Yy + tan”! ( C(Z)se’sisnﬁ'
0si vo—V)(s—v)=0
Cl =
1 otherwise
I1si(ys—v) =0
Cz =

—1 otherwise

e)  Tilt of the Plate

_ —1( tanprs
B = tant (oE (V_y,)) +180C, (5)
, —1( tanprs
0 si tan (Cos(y_y,)) =0
C3 =

—1 otherwise
Cy, C,, C3 = constant
where:

6 = Incidence angle

0, = Zenith angle

B = Plate inclination angle with

respect to the horizontal

B' = Angle between the line
of the axis and its projection
in the plane

6 = Declination

¢ = Latitude

y = Azimuth angle of the surface

¥s = Solar azimuth angle

y' = Angle between the projection
of the ais line on the horizontal

plane and the local meridian.

SIGALA-VALDEZ, Jests Octavio, RIVEROS-ROSAS, David,
HERNANDEZ-RU{Z, Maria de los Angeles and GARCIA-
GONZALEZ, Juan Manuel. Stepped solar tracking model with
different acceptance angles for various solar concentration
schemes. Journal of Computational Systems and ICTs. 2023



Article

25

Journal of Computational Systems and ICTs

The mathematical model developed by
the European Solar Radiation Atlas (ESRA) that
estimates the amount of global or total radiation
that reaches a horizontal surface, by adding the
direct and diffuse horizontal components under
clear sky considerations such as is shown in
equation 6, given in Braun (1983), (Braun,
1983).

Iy =Ipg +1Iyp (6)

Equation 7 shows the component of
direct horizontal radiation where the value of the
solar constant is taken, correction factor due to
the variation of the distance from the Earth to the
Sun, the solar azimuthal angle that is affected by
the mass relative optics, the Linke turbidity
factor and the Rayleigh integral.

Ing = Iye siny,e(70-8662TLmér) (7)
Where,
w
10 = 1367?

T = Linke turbidity factor
Jr = optical thickness

¢ = Correction factor due to the variation of
the Earth-Sun distance.

m = Relative optical mass

Calculation of the diffuse horizontal
component of the radiation is estimated with the
multiplication of the solar constant, the
correction factor due to the variation of the
Earth-Sun distance, the value of the transmission
due to the diffusivity of the atmosphere and the
angular diffusivity as is shown in equation 8.

Ing = lo€ Trq (T )Fq (v, T1) (8)
Where:
w

TL = Factor de turbidez de Linke

Tra(TL) = Transmission of solar radiation
through the passage of the atmosphere

F; (y,,T,) = Solar radiation loss due to the
solar azimuthal angle
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It is necessary to calculate the distance
correction factor due to the movement of the
Earth around the Sun. Equation 9 shows that said
correction is a function of the Julian day due to
the Earth's translational movement.

2t (Dia Juliano) (9)

e=1+0.0033 cos[ e

The process of the transmission of solar
radiation through the passage of the atmosphere
is calculated by equation 10, where said process
is mainly the function of the Linke turbidity
factor and the solar azimuthal angle.

Trq(T,) = —1.5843 x 1073 + 3.0543 x 1072 T, + 3.797 x 10~* T? (10)

ESRA, includes in its clear sky model the
component of solar radiation loss due to the solar
azimuthal angle and various functional
components of the Linke turbidity factor in order
to bring the model closer to values close to
reality. Equation 11 shows the calculation form
used in this work.

Fd()}s, TL) = Ao + Az sin ys + Ax(sin (ys))z (11)

where the coefficients Ao, A1 and A2
only depend on the Linke turbidity factor and are
dimensionless, they are given by equations 12 to
14:

Ao= 2.6463 x 1071 —6.1581 x 1072T_ + 3.1408 x 10°T,2 (12)
A1= 204402 +1.8945 x 1072T. —1.1161 x 10212 (13)
A2 = —1.3025 +3.9231 x10 2T +8.5079 x103 T2 (14)

The equation 15 shows the
relationship of the optical mass relative with
the elevation geographical place in study, the
atmospheric Rayleigh height as well as the
diffraction-corrected solar height:

)

sinyf € 40.50572 (y£"4€6.07995) 16364

rue) —

(15)

m(yd

Where z is the elevation of the site and zh
is the height of a Rayleigh atmosphere whose
value is 8434.5 m. And '™ is the diffraction-
corrected solar height shown in equation 16:

true

Vs =yst+ Ayrefr (16)

All the above equations were taken from
Braun et al. (1983)(Braun, 1983).
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Miscellaneous studies related to the
modeling of diffuse radiation show that this type
of radiation is related to two variables: the hourly
clarity index and the diffuse fraction, the
variables that in the ESRA model are evaluated
by the Linke factor and in the case specific to the
development of this research work, through the
solid angle. Boland et al (2008), in their study of
the modeling of diffuse solar radiation, pointed
out the complexity of the calculation with
respect to the calculation of the fraction of
diffuse energy and its great dependence on the
hourly clarity index. It should be noted that this
complexity was simplified in the model
developed in this research work due to the
specification and determination of the diffuse
energy fraction through the solid angle(Boland,
2008).

Methodology

Using MATLAB language we developed a
routine which is presented in Appendix A that
allows calculating, first, through the function
called: modelCieloCl.m the correction of the
time, the position angles of the Sun for each day
of the year, the solar elevation angle, irradiance
direct, diffuse irradiance and global irradiance.
The input data for the aforementioned function
are: Longitude, Latitude, Height, Linke
Turbidity Factor. The calculation is shown in the
flow chart in Figure 2.Avez obtained the
horizontal radiation data, the calculation of the
inclined diffuse radiation was carried out. To
obtain the corresponding data, another routine
was developed in MATLAB called:
CaptadorSolarvV4 GyDNI which is based on the
Liu-Jordan isotropic model for the calculation of
the inclined diffuse radiation.(Boland,
2008).Subsequently, the equations for this
work were implemented according to the ESRA
model, to calculate the incidence angles for each
solar tracking system. The MATLAB routine
estimates the instantaneous global irradiance
corresponding to each minute incident on a plate
of unit area. To obtain the hourly irradiation, you
need to multiply by the factor 1/60.
Subsequently, to calculate the daily radiation,
the hourly irradiation corresponding to the
effective hours of sunlight was added; that is,
from dawn to dusk.Finallyln this calculation, to
obtain the monthly irradiation, the daily
irradiation of the days corresponding to each
month was added. Figure 3 presents the flow
chart for the routine: CapatadorSolarVV4 GyDNI
and in Appendix B the programming lines are
written in MATLAB lenguage.
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Figure 3 SolarVv4 GyDNI collector flow diagram

Results

The monthly solar irradiation data were
processed, tables and graphs were prepared, in
which the daily monthly global irradiation is
presented, in order to carry out the
corresponding analysis. A comparison is made
of the data obtained for each of the months of
2019, for the different calculation schemes. The
data were analyzed and the values are also
presented in monthly percentage of irradiation.
As a control, the scheme of continuous
monitoring of the sun in the form of a heliotrope
with 100% is considered, this is done due to the
nature of the scheme itself. , which continuously
tracks the Sun and provides the maximum
possible solar energy.
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Different comparisons with the
calculated data are shown as validation.with
the routines developed in this work, with respect
to the data obtained from measurements of the
Zacatecas_04 Solarimetric Station located in
building 6 of the UAZ Siglo XXI Campus, of the
Autonomous University of Zacatecas. In the
same way, the data obtained through a similar
model in Mexico City, presented by Ramirez in
2017 in his bachelor's thesis, at the UNAM
Faculty of Sciences, were analyzed and
compared.(Ramirez, 2017). Fits mention that
in Ramirez's work the calculation of global solar
irradiation is presented using the clear sky
model, with similar characteristics to this
research work, the difference is the following:
this job was made for the City of Zacatecas, in
the model of this work an angular parameter
(solid angle) is added. The model establishes the
basic relationships of various solar tracking
systems and clarifies the importance of their
modeling with the need to optimize solar
collectors. The purpose of adding this parameter
is to obtain a better approximation to the
estimation of the diffuse energy due to the
angular movement related to the course of the
day, as well as its approximation due to the angle
of concentration that the sun has on the flat
surface, thus This way the model is improved to
obtain more accurate solar energy calculations.

The schemes analyzed were the
following:

Horizontal surface.
Inclined surface with latitude.

Surface with continuous tracking that
rotates on the East-West horizontal axis
according to solar height.

Surface with Continuous heliotrope
tracking, tilted with latitude, rotation according
to azimuthal angle.

Surface with follow-up continuous,
inclined with latitude and stepped rotation
according to azimuthal angle.

In Figure 4 shows the behavior of the
data calculated by the model in contrast to the
measured data. The minimal difference between
both databases is notable, this is mainly due to
the characteristics of the proposed model and the
measured data.
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Figure 4 Comparison of global irradiation (Wh/m2) from
data measured by the StationYeswaverimetric Zacatecas_
04 and the obtained through the calculation routine
modelCieloCl.m.

For the stepped collection system, in
the five schemes considered in Table 1 it can
be seen that the difference, with respect to the
value obtained from the continuous
monitoring scheme, grows as the interval
increases wing of time; That is, in the interval of
240 minutes the maximum difference in solar
irradiation is observed between all the time steps
evaluated by the proposed model. Additionally,
the results presented in Table 1 can be
interpreted as follows: In the City of Zacatecas
(Geographical location: Latitude 22.7725 N,
longitude 102.6436 E and altitude 2,240 meters
above sea level) it is possible to stagger the
movement in an interval of 1 to 240 minutes
without losing a considerable amount of solar
energy. The above would serve to reduce costs
in the installation and maintenance of solar
collection or concentration systems. This is
because in a monitoring that moves in a
staggered scheme of different time intervals, it
can be cheaper and even more so, despite this
adaptation according to the model, provide a
production quite close to continuous monitoring.

Measurements of monthly average daily solar irradiation (W h/m?)

Month of 2019 Time intervals (minutes)

1 30 60 | 120 240

Yanuary 2262.97  |2262.97  [2262.97 |2262.97 |2262.97
February 7223.34  [7220.33  [7210.73  |7168.61 [7005.76
March 6525.48  6523.9 6519.28  16500.84 6415.35
April 6448.52  |6446.98  [6442.63  |6426.61 [6318.3

May 6187.70  [6186.39  [6181.17 [6172.35 [6022.95
June 6629.59 6628.08  16623.46  |6605.86 6530.11
July 5864.09 [5861.45  [5852.30 [5812.14 [5657.10
lAugust 4891.65 14890.71  14886.53 [4881.06 (4765.40
September 382.09 5380.90  [5377.37 |5364.49 [5286.25
October 5469.34  [5468.04  [5463.98 |5448.42 [5375.38
November 4790.75 |4789.96  |4787.58 |4778.37 |4740.45
December 6691.7 5690.48  [5686.89 [5672.63 [5616.28

Table 1 Comparison of the Irradiationmonthly
obtained for five staggered schemes at different time
intervals
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In Table 2 shows the difference between
the irradiation values of the stepped movement
compared to the continuous movement (1
minute) is less than 1.5% in the time intervals
for 30, 60, 120 minutes. That is, the solar
irradiation values corresponding to these steps
are all above 99%.

Percentages (%) of solar irradiation

Months of Stepped, Time Intervals (minutes)
2019 1 30 60 120 | 240
January 100 99.97 99.97| 99.97 | 99.97
February 100 99.98| 99.91] 99.64 | 98.50
March 100 99.98| 99.90| 99.62 | 98.31
April 100 99.98| 99.91] 99.66 | 97.98
May 100 99.98 99.89] 99.75 | 97.34
June 100 99.96 99.83] 99.24 | 96.99
July 100 99.95 99.80] 99.11 | 96.47
August 100 99.98 99.90, 99.78 | 97.42
September | 100 99.98| 99.91] 99.67 | 98.22
October 100 99.98| 99.90| 99.62 | 98.28
November | 100 99.98 99.93] 99.74 | 98.95
December | 100 85.04] 84.98| 84.77 | 83.93

Table 2 Comparison in percentages for surface with
continuous tracking, inclined with latitude and stepped
rotation according to azimuthal angle

Figure 5 shows the comparison of
monthly solar irradiation measurements between
the four different solar concentrator schemes
considered with different acceptance angles.
Now the following description is made: In
Scheme 1, the surface with continuous
heliotrope tracking, inclined with latitude and
rotation according to the azimuthal angle, was
considered. In Scheme 2, the surface is
considered to be inclined with latitude. While in
Scheme 3, the surface is horizontal. Finally, in
Scheme 4, the surface with continuous tracking
that rotates on the East-West horizontal axis
according to the solar height. According to these
results obtained, it can be analyzed that in the
month of January 2019, the minimum irradiation
received from the sun in Zacatecas occurred and
the same irradiation gradually increased until a
maximum was obtained in the month of June
with the exception of the scheme with
inclination to latitude (Scheme 3); this due to the
geographical positioning of the study site.
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Figure 5 Daily irradiation average monthly (Wh/m2) for
4 schemes considered

Finally in Figure 6 shows the behavior
of the data calculated and obtained in the model
developed by the Faculty of Sciences of the
UNAM and the one developed in this research
work. The great difference between the data
obtained by both models can be visualized, this
is due to mainly due to the height and
geographical layout of both study sites.

Irradiacion promedio diaria mensual (Wh/m?2) para el esquema
con seguimiento continuo al sol de tipo heliotropo.

Zac
—e— CDMX

Irradiacién global mensual

Meses

Figure 6 Comparison of global solar irradiation for the
scheme with continuous heliotrope-type monitoring
(Wh/m?) of the data calculated in Zacatecas (altitude
2440 m) and Mexico City (altitude 2250 m).

The values presented between the data
calculated by the different models in Zacatecas
with a height of 2,440 m and CDMX with a
height of 2,250 m, it should be noted that these
models contain similarities in terms of the
characteristics of the clear sky and an Albedo
parameter similar to that used in this work
characteristics that allow comparison between
both models. It can be noted that the maximum
difference found between the models is a value
of 13% in the month of December and a
minimum difference value for the month of
January with a percentage value of 6.7%.
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Conclusions Annexes

The highest monthly solar irradiation value was Appendix A

determined for the month of June 2019, in most
of the monitoring model schemes considered, at
the UAZ Siglo XXI Campus in Zacatecas
(Geographical location: Latitude 22.7725 N,
longitude 102.6436 E and altitude 2,240).

In addition, it was found that the best
tracking for solar energy collection is the
heliotrope type tracking, as expected, due to the
nature of the tracking system.

Finally, as expected, exists a loss of
accumulation of energy not significant in the
staggered monitoring systems with different
acceptance angles at high time intervals (120
minutes to 240 minutes), with the loss value
being 3.01% with respect to continuous
monitoring.

The clear sky model developed by ESRA
has a behavior very close tothe reality for the
geographical location Latitude 22.7725 N,
longitude 102.6436 E and altitude 2,240 m
related to the UAZ Siglo XXI Campus in
Zacatecas, having a difference with the data
obtained by the Zacatecas 04 Solarimetric
Station of 0% for the month of September in the
year 2019 and a maximum value of 0.13% for
the month of January of the same year.

In the Comparison between the models
of Zacatecas and CDMX, it is observed that
these models, even with their difference in
height of 190 m, present similarities in terms of
characteristics of the place such as the property
of clear sky and an Albedo number almost
similar to that of this work. research. A
maximum difference is reported for the
heliotrope-type continuous monitoring scheme
of 13% for the month of December and a
minimum of 6.7% for the month of January
2019.

It is worth mentioning that
blissvalidationgives body to the model
established in this work, due to the great
approximation and representativeness of the data
calculated by the model -carried out in
comparison with real data measured by solar
instruments, it is also notable that said model has
a lower complexity than those established in
other research works. giving guidance to its use
in the optimization of solar instruments.
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Calculation of solar irradiance

This Appendix A shows in a general way the
lines programmed in the MATLAB program,
specifically, it shows the code elaborated for the
calculation of solar irradiation using the clear
sky model elaborated by ESRA.
modeloCieloCl.m

fileID=fopen(’'modeloCielocom2f.csv’,’wt’,’n’)
lon =-102.6432; lat = 22.77247; z = 2240;
TLAM2 = 3.0; yyyy = 2919;

check = isleapyear(yyyy) for dia= 1:365
x=2*pi*((dia-1)/365.24);
y=229.18*(0.000075+0.001868*cos(x)-
0.032077*sin(x)-0.014615*cos(2*x)-
0.040849*sin(2*x)); corr=[(-90-lon)/15 + y/60];
ex = factor _distTierraSol(dia);

lo = ex*1360;

[day,mes] = julian_to_date(yyyy,dia); for
hor=7:18 for min= 00:59 TE = hor + min/60;
Tcor =TE + corr; w =15 * (TE - 12);

[dec, ze, az] = PosSolar_HS (lat, dia, TE);

gam = asin(((sin (dec) * sin(lat)) + (cos(dec) *
cos(lat) * cos(w)))); gamma = gam * (pi/180);
[Bc,Dc, Gcl=
ModeloCleloClaro(gamma,ex,TLAM2,z, 10); sa
=2ze * az;

A hlj= 0.95* (0.4237 - 0.00821 *(6 -
(2.24)"2));

B_hlj= 0.98 * (0.5055 - 0.00595 *(6.5 -
(2.24)"2));

C hlj= 1.02* (0.2711 - 0.01858 *(2.5 -
(2.24)*2));

TdNI= A _hlj+ B_hlj *exp(-C_hlj/cos(ze));
DNLhIj = TdNI * lo * cos(ze);
formatSpec="%d/ %d/ %d %d: %d, %f, %f, %f,
%f, %f , %f \n’;
fprintf(filelD,formatSpec,mes,day,yyyy,hor,mi
n,ze,az,DNLhIj,Bc,Gc,Dc);

end

end

end

fclose(filelD)

Appendix B

Appendix B presents the routines for the
calculation of the monthly average irradiance
and the time step.
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CaptadorSolarvV4_GyDNI.m
CaptadorSolarvV4_GyDNI
inclinada con la latitud fija

function
%Superficie

%Columnas % 8 9 10 11 12

% DNI DIFFHORZ GH_CALC GLOBHORZ
GLOBTT

% Casos

% 1 placa fija horizontal % 2 placa fija inclinada
con la latitud

% 3 placa seguimiento continuo, rota sobre eje
horizontal E-O segun altura solar

% 4 placa seguimiento continuo de heliotropo,
inclinada con latitud, rotacion segun angulo
acimutal

% 5 placa seguimiento continuo, inclinada con
latitud, rotacién escalonada segin angulo
acimutal

Clc

Clear

lat = 22.77247,

paso_escalon = [1, 30, 60,120240]; archivo =
’Librol.csv’; salida = ’ClarolntDv3.csv’;
salida2 = ’ClaroIntMv3.csv’;

1=0;

valores = [];

if exist(archivo, ‘file’) == 2 fid =

fopen(archivo,’rt’); fprintf(’Cargando archivo:
[%s] \n’, archivo); fprintf(’linea No: \n’);
fprintf(’ \n’); head = fgetl(fid); units = fgetl(fid);
tline = fgetl(fid); while(ischar(tling) == 1) 1 =1 +
1.

aux = sscanf(tline,” %f/ %f/ %t %f: %ft, %f, %f,
%lf, %f, %f, %f, %f, %f,[1,13]);

valores = cat(1, valores, aux);
fprintf(’\b\b\b\b\b\b\b\b\n");

fprintf(’ %6d\n’, j);

tline = fgetl(fid);

end

fprintf(’Se obtuvieron datos del archivo: [%s]
\n’, archivo); else

error(’No existe el archivo: [%s] \n’, archivo);
end

fclose (fid);

fid = fopen(salida,’wt’);
fprintf(fid,” Archivo_Original: %s \n’, archivo);
fprintf(fid,"Totales_diarios sobre placa en
[Wh/m <] \n’); fid2 = fopen(salida2, *wt’);
fprintf(fid2,” Archivo_Original: %s \n’, archivo);
fprintf(fid2,’ Irradiacion _mensual y promedio
diario sobre placa en [Wh/m <] \n’);

for caso = 1:5

fprintf(fid, \n”);

fprintf(fid2,"\n’);

switch caso

case 1

fprintf(fid, ’placa fija horizontal \n’);
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fprintf(fid2, *placa fija horizontal \n’); case 2
fprintf(fid, ’placa fija inclinada con la latitud
\n’); fprintf(fid2, ’placa fija inclinada con la
latitud \n’); case 3
fprintf(fid, ’placa seguimiento continuo, rota
sobre eje horizontal E-O segun altura solar \n”);
fprintf(fid2, ’placa seguimiento continuo, rota
sobre eje horizontal E-O segun altura solar
\n’);
case 4
fprintf(fid, ’placa seguimiento tipo heliotropo
\n’); fprintf(fid2, ’placa seguimiento tipo
heliotropo \n’); case 5
fprintf(fid, ’placa seguimiento escalonado o
continuo, inclinada con latitud, rotacion segun
angulo acimutal \n’);
fprintf(fid2, ’placa seguimiento escalonado o
continuo, inclinada con latitud, rotacion segun
*ngulo acimutal \n”); end
if caso =5
CalculaJrradiacion(valores, caso, lat, fid, fid2,
0);

End
if caso ==
m = length(paso_escalon); for ii = 1:m
escalon = paso_escalon(ii);
Fprintf(fid,’Escalonado = %d minutos \n’,

escalon);  Fprintf(fid2,’Escalonado = %d
minutos \n’, escalon);
Calculajrradiacion(valores, caso, lat, fid, fid2,
escalon);

End

End

fprintf(fid,"\n’);
fprintf(fid2,\n’);

end
fclose (fid); fclose (fid2); end
function [valores-dia, dt-error]=

verifica_tiempo(valores dia) [mm, ] =
size(valores_dia);

Dt_error = 0; if mm {120 dt _error = 3; return;
end

for nt = 1:mm-1

hora = valores_dia(nt,4); minuto =
valores_dia(nt,5); tiempo = hora + minuto/60;
tiempo_sig = valores_dia(nt+1,4) +
valores_dia(nt+1,5)/60;

dt = tiempo_sig - tiempo;

if dt ;2/60

dt _error = 2;

return;

end

end

for nt = 1:mm-1

dt = valores_dia(nt+1,5) valores_dia(nt,5);
ifdt¢l ------- dt j-59

dt _error = 1;
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auxMatl = valores_dia(1:nt, :); auxMat2 =
valores_dia(nt+1:mm, ); aux(1) =
valores_dia(nt,1); aux(2) = valores_dia(nt,2);
aux(3) = valores dia(nt,3); datoi =
valores_dia(nt, 5); if datoi == 59 aux(5) = 0;
aux(4) = valores_dia(nt, 4) + 1; else

aux(5) = valores_dia(nt, 5) + 1; aux(4) =
valores_dia(nt, 4); end

aux(6) = (valores_dia(nt, 6) + valores_dia(nt+1,
6) )/2; aux(7) = ( valores dia(nt, 7) +
valores_dia(nt+1, 7) )/2;

aux(8) = (valores_dia(nt, 8) + valores_dia(nt+1,

8))/2;

aux(9) = (valores_dia(nt, 9) + valores_dia(nt+1,
9))/2;

aux(10) = (  valores_dia(nt, 10) +
valores_dia(nt+1, 10) )/2;

aux(1l) = ( valores_dia(nt, 11) +
valores_dia(nt+1, 11) )/2;

aux(12) = ( valores_dia(nt, 12) +

valores_dia(nt+1, 12) )/2;

valores_dia = auxMat1,;

valores_dia = cat( 1, valores_dia, aux);
valores_dia = cat( 1, valores_dia, auxMat2);
end

end

end

function [b, gamma, z0] =
pos_placa(valores_dia, P, escalon, lat)

[mm, ] = size(valores_dia); b = zeros(mm,1);
gamma = zeros(mm,1); ze = valores_dia(:,6); az
= valores_dia(:,7) - 180.; switch P case 1

b = zeros(mm,1); gamma = zeros(mm,1); zo =
ze; case 2

b = zeros(mm,1) + lat; gamma = zeros(mm,1);
z0= acosd(cosd(ze).*cosd(b) +
(sind(ze).*sind(b)).*cosd(az-gamma) ); case 3 b
= ze;

for ii = 1:length(az)

if az(ii) j= 90 gamma(ii) = 0; else

gamma(ii) = 180;

end

end

Z0 = acosd(cosd(ze).*cosd(b) +
(sind(ze).*sind(b)).*cosd(az-gamma) );

case 4

b = ze;

gamma = az;

z0 = zeros(mm,1);
case 5

b =b + lat; gamma = az;

gamma = FijaEscalon(gamma, escalon);

Z0 = acosd(cosd(ze).*cosd(b) +
(sind(ze).*sind(b)).*cosd(az-gamma) );

end

end

function gamma = FijaEscalon(gamma, escalon)
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if escalon == 0-------- escalon ==

return

end

[mm, ] = size(gamma);

Min_medio = floor(mm/2);

Aintervalos = round(mm/escalon, 0);

paridad = (n_intervalos/2 -
floor(n_intervalos/2))*2;

n2 = floor(n_intervalos/2);

aux = floor(escalon/2); if paridad ==

for nn =0:n2-1

gaml = gamma(min_medio + aux + escalon*nn);
gam2 = gamma(min_medio - aux - escalon*nn);
for contador = 1:escalon

auxl = min_medio + escalon*nn + contador;
aux2 = min_medio - escalon*nn - contador;

if aux1 > mm ------- aux2 jl1

break

end

gamma(auxl) = gaml;

gamma(aux2) = gamz2;

end

end

end

gamma2 = gamma; if paridad ==
medio_escalon = floor(escalon/2); gaml =
gamma(min_medio);

for ii = min_medio-medio_escalon
min_medio+medio_escalon

gamma2(ii) = gam1;

end

n2 = floor(n_intervalos/2); for nn = 0:n2-1
gaml = gamma(min_medio + escalon*(nn+1));
gam2 = gamma(min_medio - escalon*(nn+1));
for contador = 1:escalon

auxl = min_medio+medio_escalon  +
escalon*nn + contador; aux2 = min_medio-
medio_escalon - escalon*nn - contador;

if aux1 > mm ------- aux2 jl

break

end

gammaz2(auxl) = gaml;

gamma2(aux2) = gamz;

end

end

end

gamma = gamma2; end

function Calculalrradiacion(valores, caso, lat,
fid, fid2, escalon) [m, ] = size(valores);
Yearjni = valores(1,3);

Year fin = valores(m,3); for year
year_ini:year_fin year_aux = valores(:,3); ii
year_aux == year; valores_year = valores(ii,:);
IrradiacionMes = zeros(12, 1);

for mes = 1:12

mes_aux = valores_year(:,1);

ii = find(mes_aux == mes);
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if isempty(ii) == IrradiacionMes(mes) = sum(lrradiacionDiaria,

continue ’omitnan’); ii = find(IrradiacionDiaria = 0);

end [aux, | = size(ii);

valores_mes = valores_year(ii,;); n_dias = IrradiacionDiaria_PromMes =

diasMes(year, mes);

IrradiacionDiaria = zeros(n_dias, 1); for dia
1:n_dias dia_aux = valores_mes(:,2); Iii
find(dia_aux == dia);

if isempty(ii) == 1 IrradiacionDiaria(dia) = 0;
fprintf(’Dia nulo \n’); continué end

valores_dia = valores_mes(ii,:);

[m, ] = size(valores_dia);

ZeJni = valores_dia(1, 6);

Zefin = valores_dia(m, 6); fprintf(’%d %d %d
year, mes, dia);

[valores-dia, dt-error] =
verifica_tiempo(valores_dia);

if ze_ini ¢87 && zefin (87 && dt_error j2

[b, gamma, zo] = pos_placa(valores_dia, caso,
escalon, lat);

Else

IrradiacionDiaria(dia) = 0; fprintf(’Dia con
errores: 2 \n’); continue end

il = find(zo(:) i90); b = b(ii);

gamma = gamma(ii); zo = zo(ii);

valores_dia = valores_dia(ii, :);

DNI = valores_dia(:, 8);

Glo = valores_dia(:, 11); ze = valores_dia(:, 6);
az = valores_dia(:, 7);

Dc = Glo - DNI.*cosd(ze);

%Calculo del -ngulo sUlido

sa =az.* ze,

sr = sa * (pi/180)"2; %equivalencia de los
estereorradianes por= (sr)/ (2 * pi); i =
find(DNI(:) j0);

DNI(ii) = 0;

Bc = DNI.*cosd(ze); ii = find(Glo(:) 0);

Glo(ii) = 0;

Dc = Glo - DNI.*cosd(ze);

Dc_sa = Dc.* por;

%Irradiancia directa sobre la superficie
inclinada BcJncl = DNI.*cosd(zo);
%Irradiancia Difusa inclinada isotrUpica
Dclncl = Dc_sa.*(cosd(b) + 1)*0.5; %Modelo
isotrUpico de Liu

%Irradiancia Difusa refeljada (Albedo)

Adncl = (Bc + Dc_sa).*(1.-cosd(b))*0.2*0.5;
%lrradiancia Global

Irrad_minuto = BeJncl + Dcdnel + Adncl;
IrradiacionDiaria(dia) =
sum(Irrad_minuto)*1/60; if dt_error =0
fprintf(’%.2f error: %d\n’,
IrradiacionDiaria(dia), dt_error); else

fprintf(’ %.\n’, IrradiacionDiaria(dia)); end
fprintf(fid, > %d/ %02d/ %02d, %.02f, %d \n’,
year, mes, dia, IrradiacionDiaria(dia), dt_error);
end
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IrradiacionMes(mes)/aux;

fprintf(fid2, * %d, %02d, %.02f, %.02f \n’, year,
mes, IrradiacionMes(mes), IrradiacionDia-
ria_PromMes);

end

end

end
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