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Abstract

In Colombia, agricultural exports have become
notoriously prevalent in recent years, causing the
creation of new methods capable of increasing
production in order to meet the global demands.
A very efficient option is the use of greenhouses,
given their low building cost, ease of construction,
ability to protect crops from natural phenomena
and plagues, and the possibility to keep the inter-
nal temperature steady during day and night, thus
allowing crops to grow fast and healthy. Nowa-
days, advancements in electronics have allowed
boosting the positive effects of these environ-
ments, which is why this document introduces a
procedure for the implementation of an automated
pyramid-type greenhouse, utilizing techniques re-
lated to Precision Agriculture (PA) and based on
concepts related to the Internet of Things (loT) for
remote monitoring through emerging communi-
cation technologies such as the NFRL2401 cards
and the Arduino Nano and Mega boards. Inside

2.
3.

the greenhouse, variables such as temperature and
ambient humidity are measured and controlled via
the PCE-P30U Universal Input Signal Converter
Data Logger, while ground humidity is monitored
by ZD510 capacitive sensors. Outside, variables
such as temperature, ambient humidity, negative
and positive pressure, and wind speed are mea-
sured. Data obtained is taken wirelessly to the
server using Windows Server 2019 Datacenter,
with Broker MQTT EMQ-X services and MYSQL
databases, providing a suitable and efficient envi-
ronment for agricultural research processes. With
the procedure developed in this document, a base-
line is proposed for the implementation of a smart
greenhouse that can be replicated and used as a
test system for smart sowing processes, adapting to
the different climate and production conditions of
the country.

Keywords: agricultura de precision; ambientes agri-
colas controlados; monitoreo remoto; sensores inteli-
gentes; tecnologias emergentes de comunicacion.

Mg. Universidad del Valle (Cartago-Valle del Cauca, Colombia). marin.edward@correounivalle.edu.co.

Universidad del Valle (Cartago-Valle del Cauca, Colombia). neftali.torres@correounivalle.edu.co.

Mg. Universidad del Valle (Cartago-Valle del Cauca, Colombia). alexandra.chaverra@correounivalle.edu.co.

Revista Cientifica ® ISSN 0124-2253  e-ISSN 2344-8350 e enero-abril 2023 * Bogota-Colombia ¢ N. 46(1) ® pp. 37-50

[37]


https://orcid.org/0000-0003-0718-9996
https://orcid.org/0000-0003-1464-650X
https://orcid.org/0000-0002-1557-730X
https://doi.org/10.14483/23448350.19816
mailto:marin.edward%40correounivalle.edu.co?subject=
mailto:neftali.torres%40correounivalle.edu.co?subject=
mailto:alexandra.chaverra%40correounivalle.edu.co?subject=
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MARIN, E., TORRES-MARIN, J. N. Y CHAVERRA-LASSO, A.

Resumen

En Colombia, la exportacién agricola ha crecido en los
altimos anos, motivando la creacion de nuevos métodos
que incrementen la produccién para satisfacer la deman-
da mundial. El uso de invernaderos es una opcién bas-
tante eficiente, dados sus bajos costos de construccion,
su habilidad para proteger cultivos de fenémenos natura-
les y plagas, y la posibilidad de mantener la temperatura
interna estable durante el dia y la noche, lo cual hace
que el fruto crezca rapido y saludable. En la actualidad,
los avances en electrénica han permitido potencializar
los efectos positivos de estos espacios, por lo cual en este
texto se presenta un procedimiento para la implemen-
tacién de un invernadero automatizado de tipo pirami-
dal, utilizando técnicas relacionadas con la Agricultura
de Precisién (AP) y partiendo de conceptos relacionados
con el internet de las cosas (IoT) para el monitoreo remo-
to a través de tecnologias emergentes de comunicacién
como las tarjetas NFRL2401 y placas Arduino Nano y
Mega. Al interior del invernadero se miden y controlan
variables como la temperatura y humedad del ambiente
por medio de la PCE-P30U Universal Input Signal Con-
verter Data Logger, mientras que la humedad del suelo es
monitoreada por medio de sensores capacitivos ZD510.
En el exterior, se miden variables como la temperatu-
ra, la humedad del ambiente, presion positiva y nega-
tiva y la velocidad del viento. Los datos obtenidos son
[levados inalambricamente a un servidor que utiliza el
Windows Server 2019 Datacenter, con servicios Broker
MQTT EMQ-X y bases de datos MYSQL, propiciando un
ambiente apto y eficiente para la realizacién de procesos
en investigacion agricola. Con el procedimiento desarro-
[lado en este documento, se propone una linea de base
para la implementacién de un invernadero inteligente
que pueda ser replicado y sirva como sistema de prue-
ba en procesos inteligentes de siembra, adaptandose a la
diferentes condiciones climaticas y productivas del pafs.
Palabras clave: controlled agricultural environments;
emerging communication technologies; precision agri-
culture; remote monitoring; smart sensors

Resumo
Na Colombia, as exportagdes agricolas cresceram nos
dltimos anos, motivando a criagdo de novos métodos

que aumentam a produgdo para atender a demanda
global. O uso de estufas é uma opgdo bastante eficien-
te, dado o baixo custo de construgao, a capacidade de
proteger as lavouras de fendmenos naturais e pragas e
a possibilidade de manter uma temperatura interna es-
tavel durante o dia e a noite, o que faz com que a fruta
crescga rapido e saudavel. Na atualidade, os avancos da
eletronica tém possibilitado potencializar os efeitos po-
sitivos desses espagos, razao pela qual este texto apre-
senta um procedimento para a implantagdo de uma
estufa automatizada do tipo piramide, utilizando técni-
cas relacionadas a Agricultura de Precisao (AP) e a par-
tir de conceitos relacionados a Internet das Coisas (loT)
para monitoramento remoto por meio de tecnologias
de comunicagdo emergentes, como placas NFRL2401
e placas Arduino Nano e Mega. Dentro da estufa, varia-
veis como temperatura ambiente e umidade sdo medi-
das e controladas por meio do Data Logger Conversor
de Sinal de Entrada Universal PCE-P30U, enquanto a
umidade do solo é monitorada por meio de sensores
capacitivos ZD510. No exterior, sdao medidas variaveis
como temperatura, humidade ambiente, pressao posi-
tiva e negativa e velocidade do vento. Os dados obti-
dos sdo levados sem fio para um servidor que utiliza o
Windows Server 2019 Datacenter, com servicos Broker
MQTT EMQ-X e bancos de dados MYSQL, proporcio-
nando um ambiente adequado e eficiente para a reali-
zagdo de processos de pesquisa agropecuaria. Com o
procedimento desenvolvido neste documento, propde-
-se uma linha de base para a implantagdo de uma es-
tufa inteligente que pode ser replicada e servir como
sistema de teste em processos de plantio inteligentes,
adaptando-se as diferentes condic¢des climdticas e pro-
dutivas do pais.

Palavras-chaves: agricultura de precisdo; ambientes
agricolas controlados; monitoramento remoto; sensores
inteligentes; tecnologias de comunicagdo emergentes.

Introduction

Colombia is a country whose global-scale fruit ex-
portation has grown in recent years, as evidenced
by the fruit and vegetable fair (MacFruit) of the year
2018 (Agrofercol, 2018). Banana crops generate
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the most profits, as proven by their yearly perfor-
mance of well over 811 million dollars, followed
by cape gooseberry, gulupa, honey glow pineap-
ple, and the Tahiti Lemon (Calder6n, 2017; Arias,
2018). This varied crop production is made pos-
sible thanks to the geography and topography of
the country, which implies the existence of differ-
ent soils and climates (thermal floors), making the
country a great place for the production of a vari-
ety of fruits. Valle del Cauca is a department with
great richness in agricultural production, as evi-
denced by a study conducted by an interdisciplin-
ary group of teachers from Universidad del Valle
and Universidad Tecnolégica de Pereira within the
framework of the macro-project Innovacion y de-
sarrollo tecnoldgico en banco de alimentos [Food
bank innovation and technological development]
(Marin et al., 2019), which yielded very encour-
aging figures regarding the diversity and amount
of agricultural products that the north subregion
of Valle del Cauca has to offer. Products such as
papaya, orange, guava, banana, lemon, tangerine,
cantaloupe, pumpkin, yucca, tomato, onion, and
cabbage are all part of the 8200 monthly tons of
fruit production and the 296 monthly tons of veg-
etables (Marin et al., 2019), showing very diverse
and rich prospects for agricultural production in
the department.

Nevertheless, with the aforementioned figures,
and in light of the fact that Colombia is a devel-
oping country with great agricultural potential, it
is important to mention that population growth
and climate change imply the need to gradual-
ly redirect the current agricultural practices. The
Food and Agriculture Organization of the United
Nations (FAO), in a document titled The state of
food and agriculture in the world (FAO, 2009), pre-
dicts that the global population will reach 8 billion
in 2025 and 9.6 billion in 2050. This means that
the agricultural production must increase by 70%
worldwide by 2050 (FAO, 2019). Overpopulation
and the growing demand for high quality products
create the need to modernize and intensify the al-
ready existing agricultural practices, as well as the

need to make more efficient use of water and other
related resources (Tzounis et al., 2017).

In addition, Colombia faces three problems re-
garding its agricultural production. The first is re-
lated to its unrelenting weather, which causes rains
throughout a big portion of the year, severely af-
fecting crops due to the excess of water, altering
their quality, and even destroying the crop altogeth-
er, which makes harvesting difficult in the best of
cases (La Opinién, 2017). The second problem is
caused by the country’s mountainous topography,
as flat areas to harvest are rare. This reduces pro-
duction, makes mobility between crops difficult,
and increases the risk of landslides during periods
of rain, damaging many hectares of crops (Banco
de la Republica, 2012). The third problem is asso-
ciated to how several farmers all over the nation
continue to employ outdated harvesting techniques
and are not familiar with or reject the use of more
modern methods of agriculture (due to a lack of
interest or financial resources) such as the use of
technology and other advancements (Sierra, 2017),
which losses and slows down progress in this sector
(Cobos et al., 2008; Orsolin et al., 2022).

With this in mind, and remembering that Co-
lombia is a country rich in agricultural production,
as well as the fact that it is currently necessary to
make advancements in the field of agricultural
technologies, the use of greenhouses has become
a popular method that allows upgrading produc-
tion, as it allows harvesting throughout year, as
crops are placed in an enclosed space that gener-
ates a controlled microclimate, thus enabling the
sprouting of crops even when the season is unfa-
vorable or they not in their thermal floor (Achur
et al., 2021). Additionally, this type of system pro-
tects vegetation from the plagues and diseases that
spread in the environment (Barroso, 2015). It is
also worth noting that the cost of construction of
a greenhouse is not high, which may encourage
farmers to invest in them.

One of the most promising, recent concepts
related to the sustainable production of food is
Precision Agriculture (PA) (Tzounis et al., 2017;

Revista Cientifica ® ISSN 0124-2253  e-ISSN 2344-8350 e enero-abril 2023 * Bogota-Colombia ¢ N. 46(1) ® pp. 37-50

[39]



Smart Greenhouse and Agriculture 4.0

MARIN, E., TORRES-MARIN, J. N. Y CHAVERRA-LASSO, A.

Rodriguez et al., 2021). PA implies innovation,
technological advancement, and research, and its
purpose is to optimize and enhance agricultural
processes in order to guarantee maximum produc-
tivity, establishing strategies to use the necessary
supplies in the required amount, at the adequate
place and at the opportune moment, adapting to
the crops and the soil’s needs. The characteris-
tics of this approach include optimal energy con-
sumption (renewable energies), the rational use of
water and chemical products (sustainability), and
real-time measurements via loT Systems (Internet
of Things), among others. This allows large-, me-
dium-, and small-scale producers to make use of
technology in order to perfect their agricultural
processes (Rejeb et al., 2022; Tao et al., 2021).
Nowadays, many applications are in need of
technological development to make the sector com-
petitive. This is where advances in technology play
an important role. Currently, in the agricultural sec-
tor, important advancements have been made which
are based on innovation and emerging technologies,
as is the case of the work by Zeed et al. (2019), who
integrate sensors through a wireless network while
working under the concept of PA. The authors present
the way in which through an Arduino Uno handles
information processing and internet connectivity.
The system was programmed in such a way that the
data gathered from sensors is transmitted to a data-
base server while handling the measurement and
continuous control of variables that are incidental in
the process. In a similar fashion, in India, Nawandar
and Satpute (2019) developed an intelligent water-
ing system based on loT advancements. They state
that their system can interact with the user, is con-
figured once for the estimation of the watering pro-
gram, and uses neural networks for data processing.
The system uses MQTT and HTTP to keep the user
informed about the current situation of the crops,
even at great distances. Azaza et al. (2016) propose
an intelligent variable control system for greenhous-
es which uses fuzzy logic and includes wireless
information monitoring, thus providing access to
data in real time. The proposed control system was

validated experimentally and showed to be efficient
at saving water and power. Likewise, Revathi and Si-
vakumaran (2016) propose controlling the internal
temperature of a greenhouse by using fuzzy logic.
In order to increase the degree of automation of the
fuzzy control system, they developed an “almost op-
timal” controller synthesis strategy via the particle
swarm optimization (PSO) technique (Eberhart and
Kennedy, 1995). In Universidad Auténoma de Chap-
ingo, Mexico, a project related to the automation
of a greenhouse for harvesting tomatoes was devel-
oped (Hahn, 2011). This project involves controlling
a motor for the opening and closing a polyshade
window through PWM modulation, in accordance
with the incident characteristics of sunrays. Further-
more, watering control is performed through fuzzy
logic. The central control system is based on a AT-
M89C51 microcontroller (Hahn, 2011). In Japan,
Kaneda et al. (2015) proposed an environmental
control system for an intelligent greenhouse that is
based on sliding windows vector support machines
(SW-SVR). The proposed system handles the afore-
mentioned control with accurate predictions in real
time. SW-SVR is a new automatic learning algorithm
for predicting temporary series of data. This mod-
el automatically and periodically adjusts to its sur-
roundings and predicts time-series data with high
accuracy and low computing complexity. Addition-
ally, in Turkey, Akkas and Sokullu (2017) presented
a WSN prototype consisting of MicaZ nodes, which
is used to measure temperature, light, pressure, and
humidity in greenhouses. The measurement data
are shared with the help of the loT. With this sys-
tem, farmers can control variables from their mobile
phones or computers if they have Internet. Other ad-
vancements include the one shown by Sri Jahnavy
and Ahamed (2015), which involves the design of
a wireless sensor network that provides real-time
monitoring of the temperature, humidity, and soil
humidity of a greenhouse while using a central mi-
cro-controlled system and communication between
sensors via Zigbee. Data records can be created and
uploaded to the Internet to be reviewed from any
location.
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The Latin American countries with the high-
est technological advancement in the agricultural
sector are Argentina and Brazil. At a global scale,
there are Holland and the United States, whose
advancements are framed within the so-called /n-
dustry 4.0 and include Big Data initiatives, systems
based on the Internet of Things (loT), and artificial
intelligence (Al) applications. Colombia, despite
its agricultural nature, has very low levels of crop
productivity regarding Information and Communi-
cations Technologies (ICTs), as there are no official
indicators of penetration and production efficien-
cy (Sierra, 2017). It is also important to mention
that research and agricultural development (R&D)
and the transfer of agricultural knowledge have not
been successfully exploited, which is reflected on
the low competitiveness and productivity of the
agricultural sector of the country (OECD, 2018).

Considering the current needs of the Colom-
bian agricultural sector, as described in previous
paragraphs, this work propones the development
of a space for agricultural research based on the
implementation of an automated greenhouse by
making use of PA, with developments based on
the Internet of Things (loT) for remote monitoring
through intelligent sensors connected to an Inter-
net network.

This technological development makes the fol-
lowing contributions:

It presents a space for agricultural research with
controlled environments (intelligent pyramid-
type greenhouse) 10 m in length and 4.2 m in
width, with four planting beds 3 m in length
and 2 m in width.

Inside the greenhouse, the measurement of
variables such as temperature and ambient and
soil humidity is available through low-cost sen-
sors that are wirelessly connected to a network.
Outside the greenhouse, it is possible to mea-
sure temperature, ultraviolet radiation (UV),
rain, and wind via a meteorological station.
The information obtained is concentrated and
sent to the cloud, allowing for real-time data

recording and visualization. Furthermore, a lo-
cally configured server is used for data storage.
The watering and aspersion system is manual-
ly controlled on-site or programmed remotely
through the Web or a mobile app, providing a
suitable and efficient environment for agricul-
tural research.

This document is firstly structured with an in-
troduction that explains the context of the problem
addressed for the case of agriculture in controlled
environments, the state-of-the-art identifying works
with significant developments based on innova-
tion and emerging communication technologies in
applications in the agricultural sector around the
world. With the above, the focus and the contribu-
tions generated are defined taking into account the
actual needs of the Colombian agricultural indus-
try and the problems. Following, the methods used
for the realization of the proposed activities are
structurally defined as follows: Survey of the physi-
cal structure of the greenhouse, installation of the
sensors used and metrological station, establish-
ment of the controlled environment, and adequa-
cy and installation of the web server. In addition,
the considerations said before and the test scenes
are presented. Then, the results obtained in the
Technological Development based on the descrip-
tion of the hardware and software implemented,
in addition to the physical space obtained. Final-
ly, the work's most important discussions and con-
clusions are presented, complemented with future
works analyzed from the research context.

Methodology

This section outlines the different stages of the
project.

Building the Greenhouse
The first stage involved building the physical

structure of the greenhouse, which has a 42 m?
surface and a pyramidal roof, whose use is very
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Figure 1. Geospatial location of the greenhouse.

common, as it provides uniform radiation inci-
dence throughout a big portion of the year. The
greenhouse also has a 6-caliber plastic layering
used to protect crops from the outside and solar
rays. This guarantees heat and distant infrared ra-
diation (FAO, 2013), factors that positively affect
photosynthesis and evapotranspiration in crops
(Saud et al., 2019). Additionally, the greenhouse
has an antitrips net enclosure that provides pro-
tection against insects and animals. Regarding the
location of the greenhouse, it was kept in mind
that it needed to receive sunlight for most of the
day. Figure 1 shows the geospatial location of the
greenhouse in Universidad del Valle (Cartago,
Colombia).

Installing the Sensors and the Weather Station

Inside the greenhouse, temperature and ambient
humidity are measured through the PCE Instru-
ments Tactile Visualization Console, and soil hu-
midity is measured using three ZD510 capacitive
sensors for each planting bed, each one connect-
ed in a tree topology, and NFRL2401 transceiver
modules. Additionally, a NRF24L01 concentra-
tor card with a transceiver module, which records

the measurements in the MQTT EMQX server via
a network with a LAN W5100 card that sends
the information wirelessly to the cloud, allowing
connectivity through the loT. Outside, through a
PCE-FWS 20N weather station with transmission
speeds of 433 MHz, 868 MHz, and 915 MHz,
the following variables are measured and record-
ed in the cloud: temperature, humidity, absolute
and relative pressure, wind speed, and wind direc-
tion. The visualization console and the station are
shown in Figure 2.

Figure 2. Visualization console and metereological
station.
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Establishing the Controlled Environment

An environment with controlled temperature and
soil and ambient humidity was installed, combin-
ing cooling technologies such as humidifiers and
drip irrigation systems in each of the planting beds.
These are manipulated independently through so-
lenoid valves with the ACUANETplus reference at
24 V AC. The supply of water and organic fertil-
izer is controlled by two PEARL motor pumps of
5-501/ .. and 5—35 Z/mm. Figure 3 shows the
humidifiers and the drip irrigation system, includ-
ing the solenoid valves and motor pumps. Ad-
ditionally, the on-site manual control box, with
Internet connectivity, records activation or deac-
tivation in the MQTT EMQXx server and the data-
base, thus providing a controlled environment.

Adjusting and Installing the Web Server

In this stage the installation and configuration of
the server team was performed, which involved
the Windows Server 2019 Datacenter operat-
ing system, MQTT EMQ-X Broker services, and
a MYSQL database, in charge of addressing re-
quests made from mobile devices, web services,
sensors within the greenhouse, and the meteoro-
logical station. These devices, all configured with

the MQTT protocol of the loT, record data in real
time, as long as there is Internet connectivity. This
connectivity is ensured by TL-WA5210G CPE TP-
LINK wireless high-power access points at 2,4 GHz
for exteriors, connection between the greenhouse,
and the remote monitoring station where the server
is located.

Given the scale of the implemented green-
house and the amount of the measured variables,
a MySQL database was used. However, it is impor-
tant to note that, when the number of sensed vari-
ables or greenhouses increase, it is appropriate to
apply NoSQL database.

Test Scenarios and Considerations

With the proposed methodology, the measure-
ments acquired during the calibration of the
ZD510 capacitive soil humidity sensors were vali-
dated through a process of characterization that in-
volves an MGMLP1 Hydrofarm as a pattern, whose
humidity readings are recorded in a scale of O (dry)
to 10 (humid). Three experiments were performed
with six soil samples, with an average mass of
335,8 g each. Each sample was humidified with
16 ml of water in a cumulative fashion, starting
from a dry state and transitioning to a humid one.
Figure 4 shows the characterization conditions.

Figure 3. Controlled environment system.

Revista Cientifica ® ISSN 0124-2253  e-ISSN 2344-8350 e enero-abril 2023 * Bogota-Colombia ¢ N. 46(1) ® pp. 37-50

[43]



Smart Greenhouse and Agriculture 4.0

MARIN, E., TORRES-MARIN, J. N. Y CHAVERRA-LASSO, A.

Figure 4. Soil humidity sensor calibration.

Figure 5. Physical internal and external structure of the greenhouse.

Results and Discussion

Following the proposed methodology, the general
objective of the project is to implement a smart,
automated greenhouse based on loT systems, with
the characteristics described below.

The physical structure of a greenhouse was
built with a pyramidal roof made out of guadua,
with four planting beds, electrical energy, access
to an aqueduct for the storage of water in a 1000 [
reserve tank, individual illumination for each bed
(40 W LED lightbulbs), and Internet access, as
shown in Figure 5.

To calibrate the ZD510 soil humidity sensor, the
graph shown in Figure 6a was initially obtained.
This Figure depicts an exponential behavior ac-
cording to the equation V = 2.4299¢0.007H" ' 5¢
well as a Pearson ratio coefficient of 0.9959. Af-
ter performing the linearization process, the graph
shown in Figure 6b was obtained, as given by the
equation V = —0,0073Hr + 0,8878, with a corre-
lation of 0.9958.

Three ZD510 capacitive humidity sensors were
installed in each planting bed, each one connected
independently to an Arduino Nano board and an
NFRL2401 communication board, which allows
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Figure 6. Soil humidity sensor calibration.

sending information wirelessly to a central pro-
cessing unit based on Arduino Mega with a serv-
er connection. The central part of the developed
code that allows the floor humidity sensor to re-
ceive, process, and send the obtained information
is shown below.

void loop() {
network.update();
unsigned long now = millis();
if (now - last_sent >= interval)
{
last_sent = now;
unsigned long potValue =
analogRead(A0);
unsigned long Volt = potValue/1023*5.0;
unsigned long Hume dad =
(0.8878-(log(volt)))/0.0073; //Equation
characteristic
RF24NetworkHeader header(master00); //
(Address where the data is going)
bool ok = network.write(header,
&Humedad, sizeof(Humedad)); // Send the data
}

}

By means of the PCE Instruments visualiza-
tion console, it was possible to record and store
the measurements of temperature (°C) and ambi-
ent humidity (%) inside the greenhouse. The data
obtained were sent to the cloud via communica-
tion between the PCE visualitzation console and a
Raspberry P14 that transmits to the server databases

through the Internet. The operating system can be
found in the following web address:

https://cumuluswiki.org/a/Raspberry Pi Image
#Installing the Image

The connectivity of the meteorological station
was configured in such a way that it would allow
recording data in the EMQXx server every 2 min.
The central part of the developed code for this
stage is shown below.

client.on('message’, (topic, message, packet) =>{
console.log('Mensaje recibido: ' + message.
toString() + '\nEn topico: ' + topic)

// Position of external variables
posWthrOut = parselnt(message.toString().
search('temp"));

posHumOut = parselnt(message.toString().
search(‘humidity"));

posWgust = parselnt(message.toString().
search(‘wgust'));

posPress = parselnt(message.toString().
search('pressure'));

lastPosStr = parselnt(message.toString().
search('}));

console.log('Pos WthrOut:' + posWthrOut +
" "+ 'Pos HumOut:' + posHumOut + " " + 'Pos
WthrOut:' + posPress);

// Extraction of variables
wthrOut = parseFloat(message.toString().substri
ng(posWthrOut+6,posHumOut-2));
humOut = parseFloat(message.toString().
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substring(posHumOut+10, posWgust-2));

wgust = parseFloat(message.toString().substring(
posWgust+7,posPress-2));

Atmpress = parseFloat(message.toString().substri
ng(posPress+10,lastPosStr));

console.log("WthrOut: " + wthrOut + ", humOut:
"+ humOut + ", Wgust: " + wgust + ", Press: " +
Atmpress);

// Updating the variables on the page
console.log('Pos:' + lastPosStr + " " + humin);
document.getElementByld("WtrOutNum").
innerHTML = wthrOut;
document.getElementByld("Pressure").
innerHTML = Atmpress;
document.getElementByld("HumOutNum").
innerHTML = humOut;

// Position of Internal Variables

posWthrln = message.toString().search('inTemp");
posHumIn = message.toString().search('inHum');
lastPosStr = message.toString().search('}");

// Extraction of variables

wthrln = message.toString().substring(posWthrln
+8,posHumln-3);
humIn=message.toString().substring(posHumIn+8,
lastPosStr);

// Updating the variables on the page
console.log('Pos:' + lastPosStr + " " + humin);
document.getElementByld("WtrNum").
innerHTML= wthrln;
document.getElementByld("WiNum").
innerHTML= humln;

Y

Figure 7 shows the measurements taken from
January 14" to February 11%, 2022, with a period-
icity of 10 min.

Likewise, through the PCE-FWS 20N meteo-
rology station, the measurement, recording, and
storage of the following variables was performed:
temperature (°C), ambient humidity (%), relative
and absolute pressure (hPa), wind speed (km/h)
, and wind direction. Figure 8 presents the dash-
board of the measurements taken.

The greenhouse can be controlled in two
ways: manually and on-site, using the command
control box that allows to enable/disable the mo-
tor pumps or the drip irrigation solenoid valves;
or through a web application that allows for the
automatic control of the aforementioned devic-
es. Manually, two motor pumps and four solenoid
valves are controlled independently, thus allow-
ing the on-site intervention of the operator. Acti-
vation/deactivation data are stored in the MySQL
server database with the MQTT protocol of the
loT. Additionally, the irrigation system is con-
trolled wirelessly through a web app developed
in the HTML5 language, with instructions in PHP.
This app interacts bidirectionally with the activa-
tion hardware of the motor pumps and solenoid
valves.

Likewise, the server continuously records
the data supplied by the greenhouse’s sensors,

Figure 7. Dashboard: temperature and humidity of the internal environment.
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presenting, in the form of a dashboard, real-time  app, which can be operated from any mobile de-
information of the internal and external variables  vice with an Internet browser. The web address
measured by the meteorological station. Figure 9 where the app is hosted is: http:/www.invernader-
presents the interactive user interface of the web  ouv.decartago.com/index.html

Figure 8. Dashboard: micro-climatic variables of the PCE-FWS 20N station.

Figure 9. Web app for the measurement and control of the greenhouse.
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Conclusions

The completion of this project entails the avail-
ability of environments protected with adaptable
micro-climates for optimally growing some crops
through the use of technology, leveraged accord-
ing to the concept of the Industry 4.0 (loT, Big
Data), making use of low-cost devices that impact
agricultural research in the region and the coun-
try. Now, there is an automated greenhouse that
allows processing data in real time, with greater
management of the internal temperature, which
is also operated via wireless temperature and hu-
midity sensors with a visualization console. This
system includes three ZD510 capacitive humid-
ity sensors for each planting bed, each one inde-
pendently connected to an Arduino Nano board
and an NFRL2401 communication board. This is
complemented by the possibility of recording and
storing the data resulting from the measurement
processes, which can be accessed from any plat-
form via a web app.

Thanks to loT systems, it is now possible to
store, process, and present the data obtained over
time, which contributes to the advancement of the
country’s the agricultural sector. Furthermore, both
control modes (manual and automatic control via
the web app) are reliable, which is evidenced by
precision values of +1 °C for temperature and 4%
for humidity, with an R? = 0,9958 in the process
of linearization.

Having an automated greenhouse with loT
technology framed within Agriculture 4.0 as an
environment for agricultural research, as well as
engaging academia, the productive agricultural
sectors, the government, and other interested par-
ties in the subject, will generate new ideas with
the aim to advance and strengthen the agriculture
of the region and the country by making it more
competitive.

As for future projects, it worth mentioning that
having an intelligent greenhouse that allows data
storage is among the conditions necessary to de-
velop predictive methods regarding harvests, i.e.,

through the use of Machine Learning algorithms
that will allow enhancing agricultural practices
and will strengthen Colombian agriculture.

In a future study, we aim to calculate the
crop’s evapotranspiration and thus determine how
much water the earth needs. Currently, the green-
house has the right conditions to estimate those
parameters.
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