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Abstract

Agricultural cultivation in the Amazon region is vital for local farmers. Monitoring environmental variables in greenhouses is crucial for
the quantity and quality of the harvest. The objective was to propose a wireless sensor network with open-source hardware and software.
The client nodes, based on ESP8266, acquire data in real time from various transducers and transmit them to the server node (ESP32)
through WebSockets. A webpage embedded in the ESP32 displays the environmental variables. The data is transmitted to a broker using
MQTT (Message Queuing Telemetry Transport), processed with Node-RED, stored in InfluxDB, and displayed on a Grafana dashboard.
The results show that the use of open-source software and hardware for wireless sensor networks is efficient, reliable, economical, and
applicable in various covered plantations.

Keywords: grafana; interface; MQTT.

Monitored de variables ambientales en cultivos bajo invernadero
mediante una red inalambrica de sensores IoT

Resumen

El cultivo agricola en la region amazonica es vital para los agricultores locales. Monitorear las variables ambientales en invernaderos es
crucial para la cantidad y calidad de la cosecha. El objetivo fue proponer una red de sensores inalambricos con hardware y software de
cddigo abierto. Los nodos clientes, basados en ESP8266, adquieren datos en tiempo real de transductores diversos y los transmiten al nodo
servidor (ESP32) a través de WebSockets. Una pagina web embebida en el ESP32 muestra las variables ambientales. Los datos se
transmiten a un Broker mediante MQTT (Message Queuing Telemetry Transport), se procesan con Node-RED, se almacenan en InfluxDB
y se visualizan en un dashboard de Grafana. La investigacion demuestra que el uso de software y hardware de codigo abierto para redes de
sensores inalambricos es eficiente, confiable y econdmico, aplicable en diversas plantaciones bajo cubierta.

Palabras claves: grafana; interface; MQTT.

effects has raised concerns about the possibility of ensuring food
security [2], and it also leads to a reduction in farmers’ incomes

1 Introduction

Global agriculture is being affected by the impacts of
climate change (rising temperatures, droughts, floods, and
storms, among others). These events can cause crop losses
and physical damage to fields, resulting in decreased
productivity and crop quality [1].

The decrease in agricultural production as a result of climate

[3]. As a response to this challenge, various alternatives to
conventional crops have emerged as potential solutions.

One option is the implementation of greenhouses as a
form of physical protection for crops, making them capable
of isolating certain climatic factors while also enabling the
creation of optimal environmental conditions for plant
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growth [4]. This is achieved through monitoring and
controlling agroecological variables, such as soil moisture,
relative humidity, ambient temperature, and sunlight [5].

One of the most important benefits of greenhouses is their
ability to create a controlled environment for plants. This
allows for the adjustment and control of factors such as
temperature, humidity, light, soil quality, irrigation, and plant
nutrition, which promote the optimal growth and
development of crops [6]. Additionally, greenhouses provide
protection against extreme weather conditions, including
frost, hail, strong winds, and high temperatures, thereby
reducing the risk of crop losses.

Another important advantage of greenhouses is the
possibility of growing crops throughout the year, regardless
of the season. This allows greater flexibility in agricultural
production and the possibility of offering products out of
season, which can have a positive impact on farm
profitability [7]. Additionally, greenhouses can help reduce
the use of pesticides and fertilizers since the controlled
environment allows for more precise and efficient
management of these inputs, which can have both economic
and environmental benefits.

According to [8], in Ecuador, approximately 3,000
hectares are devoted to the -cultivation of Solanum
lycopersicum, with 2,000 hectares cultivated under
greenhouses. This type of greenhouse cultivation is
increasing due to the advantages it offers for plant
development, as well as the reduction in maintenance costs
due to the reduced use of agrochemicals. Authors such as [2]
state that photosynthesis depends largely on humidity since
if the plant loses large amounts of water, its stomata will close
and this will stop the photosynthesis process. Meanwhile,
when an excessive amount of water is supplied, plant growth
is negatively affected, resulting in fewer flowers and fruits as
well as poor growth in general [9].

Globally, efforts have been made to develop wireless
technologies with smaller, more economical, and energy-
efficient devices that allow the monitoring of various
variables through sensors, making the data collection process
more continuous and efficient, whether in greenhouses or
open fields [10]. This facilitates decision-making to improve
cultivation and harvesting processes.

[11] developed a network of low-cost wireless sensors for
monitoring agroecological variables (temperature, soil
humidity, and luminosity) in greenhouse crops. The
information from the sensors was displayed locally on a
screen, wirelessly from a cell phone via Bluetooth, and
remotely through the ThingSpeak Internet of Things (IoT)
platform.

The work of [12] mentions the implementation of a web
system for monitoring and controlling a greenhouse. They
used low-cost technologies that allow the remote monitoring
of temperature and humidity (soil and air). The goal was that
farmers would be able to more efficiently identify any threat
that may affect their production and make a decision from
wherever they are, avoiding production losses and saving
time and travel costs.

At Finca Pozo located in the El Triunfo canton in Guayas
province, a drip irrigation system with IoT technology was
implemented for bell pepper greenhouses. This system is

48

based on the ESP8266 device and uses FC-28 sensors to
measure soil moisture and the DHT22 sensor to measure
temperature and relative humidity in the environment. These
data are used by solenoid valves to regulate water flow
according to the specific needs of the crop. Through a web
application, users can monitor in real time the values of these
variables in the greenhouse [13].

Authors such as [14] propose applying IoT technology
and Artificial Intelligence (AI) techniques in greenhouse
control methodology. The network of sensors implemented
allows temperature and soil humidity to be monitored. The
data obtained were analyzed using Machine Learning
algorithms, such as K-Means, with the aim of proposing an
automatic control system for the greenhouse.

The mentioned cases serve as a reference for the
development of similar projects in the Amazon region. This
is because the Amazon is characterized by presenting humid-
tropical and humid-rainy climatic conditions that are not
suitable for the cultivation of certain types of legumes and
vegetables endemic to a dry climate. Problems in the Amazon
include low soil fertility and high exposure of crops to
fertilizers and fungicides with negative health impacts. For
these reasons, it has been suggested that new forms of
production system management must be introduced [15].

By having a technological tool that allows automation in
greenhouses and at the same time the acquisition, adaptation,
and transmission of information on environmental variables,
such as ambient temperature, relative humidity, and soil, to a
base station, users will have access locally and through the cloud
in order to visualize and analyze the information collected by the
network. Furthermore, it will be possible to promote crop
growth and production efficiency, which are challenges of
precision agriculture since it has been shown that the use of
wireless sensor networks contributes to this benefit [12].

The implementation of a greenhouse will allow for the
use of the most appropriate techniques at each stage of the
cultivation processes to supervise and optimize agricultural
production methods and offer efficient and sustainable
management of the necessary resources and inputs. Wireless
sensor networks in precision agriculture are used to improve
crop growth and production efficiency [16].

For all these reasons, the purpose of this research was to
design a wireless monitoring system using embedded
systems and the [oT to be implemented in greenhouses in the
Amazon region.

2 Methodology

2.1 Network topology

Properly selecting the network topology that best fits
specific requirements is crucial, as the choice of how network
nodes are physically connected affects not only economic
costs but also the overall performance of the network.

There are four basic topologies that can be used in
wireless networks [17] and which can be combined to create
more complex networks. The implemented sensor network is
based on the star topology [18] since the communication
between the main node and the secondary nodes is direct,
which results in less time in data exchange.
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Table 1.
Technical characteristics of the ESP8266 and ESP32 modules
Characteristics ESP8266 ESP32
Processor LX106 32-bit at 0MHz LX6 32-bit at 160MHz
80 KB (40 KB available)

RAM Memory 520 KB 520 KB

Flash Memory Up to 4MB Up to 16MB

Power Supply 3.0vto 3.6v 2.2v to 3.6v

Temperature -40°C to 125°C -40°C to 125°C

Range

Current

Consumption 80 mA (average) 225 mA

Deep Sleep 20uA (RTC + RTC 2.5uA (RTC + RTC

Consumption memory) memory)

Wi-Fi 802.11 b/gm (up to 802.11 b/gm (up to
+20dBm) +20dBm)

Soft-AP

Support Yes Yes

UART Ports 2 ports 3 ports

12C Interfaces 1 interface 2 interfaces

GPIO Pins 32 pins 11 pins

Source: Authors’ own creation.

2.2 Data transport medium between server and clients

The OSI (Open Systems Interconnection) model [19] is
the conceptual reference used to describe and understand
how data communication networks function. The physical
layer of the OSI model establishes the electrical, mechanical,
procedural, and functional standards necessary for the
activation, maintenance, and deactivation of the physical
connection between the end systems of the communication
network.

Various media and technologies allow the transport of
digital data. Due to the technical and mechanical
characteristics of the greenhouses, Wi-Fi technology based
on the IEEE 802.11 b/g/n [20] standard at 2.4GHz was
chosen to implement the sensor network architecture in a star
topology. Table 1 shows the technical characteristics of two
modules that feature integrated Wi-Fi functionality.

2.3 Data communication protocol

The communication protocol defines the rules that
establish how data should be transmitted, received, and
processed between two or more entities in the wireless sensor
network.

HTTP (Hypertext Transfer Protocol) allows the exchange
of data between one or more clients and a server [21]. HTTP
operates on a request and response model, where a client
sends a request to the server, which responds with the
requested information, and the communication is closed.

The WebSockets protocol [22] enables the establishment
of a bidirectional and real-time communication session
between the client and the server, implying the ability to
transmit data from both the client to the server and vice versa
at any time during the communication session.

The WebSockets protocol was used to implement the
wireless sensor network because it is characterized by
presenting more efficient and faster communication than
HTTP. With WebSockets, the client sends simple data frames
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Figure 1. WebSockets Protocol, Client — Server.
Source: Authors’ own creation.

to the server, which processes the data and sends the
response, making WebSockets more suitable for real-time
applications compared to HTTP.

As shown in Fig. 1, the client initiates a WebSocket
connection with the server through the Handshake binding
process, which starts with an HTTP request/response. This
allows servers to handle both HTTP and WebSocket
connections on the same port. Once the connection is
established, the client and server can exchange data in full-
duplex mode via WebSocket. This also allows for
periodically sending information to the web browser and
constantly updating the data displayed on the web interface.

2.4 Client node

Two types of client nodes can be connected to the sensor
network architecture: those affiliated with the network and
those not affiliated.

The client node affiliated with the network (NAN) is
based on the ESP8266 module and is responsible for
acquiring the variables of ambient temperature, soil
humidity, relative humidity, luminosity, and UV radiation
present in the greenhouse through sensors. The data is
transmitted to the server (ESP32) via the WebSockets

protocol.
The NAN stores a unique identification value (ID) in its
memory, which is validated when WebSocket

communication starts. The client sends a data frame that
includes its ID, and the server verifies that the ID is registered
in its memory. If the ID is validated, the server processes the
data frame, backs up the information in the data logger, and
updates the web interface. If the ID is not validated, the server
discards the data frame.

For measuring ambient temperature and relative humidity
(RH), the SHT71 sensor was used. According to Veldscholte
& de Beer [23], the SHT71 sensor features 12C
communication, an RH measurement range between 0 and
100%, a linear output, stable measurements over time, a
small absolute deviation in its measurements, high
repeatability, and an RMS dispersion around the fitting line
of 2% RH. The SHT71 sensor has a temperature
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Figure 2. Sensor Connection to the Node Affiliated with the Network.
Source: Authors’ own creation.

measurement range between -40 and 123.8°C, linear output
that responds accurately to temperature changes, greater
thermal stability, and repeatability with a variation of 0.1°C.

Soil humidity was measured using the HL-69 sensor [24],
which uses water conductivity to determine the amount of
liquid in a substrate (e.g., soil). This sensor features an
electronic conditioning circuit that processes the signal from
the sensor and transmits it to the ESP8266 module.

The ML8511 sensor [25] provides an analog signal that
varies based on the amount of ultraviolet (UV radiation in the
environment. This sensor can detect light with a wavelength
0f 280 to 390 nm (nanometers) and operates in environments
with temperatures between -20 and 70°C.

The intensity of light in the greenhouse was measured
using the TSL2561 sensor [26], selected for its ability to
measure visible and infrared light from 0.1-40,000 lux in real
time, with an operating temperature range of between -30 and
80°C.

Fig. 2 shows the connection of the different sensors used
in the instrumentation system with the ESP8266 module
affiliated with the network.

The node not affiliated with the network (NNAN) makes
a WebSocket request to access information from the webpage
embedded in the ESP32 server. Through a web browser, the
user can visualize real-time data from various sensors.
NNAN devices are typically smart devices (computers,
smartphones, etc.). Unlike NANs, NNANs do not have a
registered ID in the server’s memory.

2.5 Server node

The web server node is responsible for processing,
visualizing, and storing the data emitted by the sensors, as
well as responding to client requests. It also has the
fundamental task of storing the files associated with the
webpage, through which sensor data is visualized in real
time. These files are accessed by users through a web
browser.
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Source: Authors’ own creation.

For hardware, the ESP32 module was used to function as
the server. It is part of the ESP (Espressif Systems Platform)
microcontroller family, known for its low cost, low power
consumption, up to 16MB of flash memory, and various
communication ports.

The WLAN (Wireless Local Area Network) connection
of the ESP32 server module is configured to work in two
modes within the sensor network:

Station mode: The ESP32 web server connects to a Wi-Fi
network provided by a router.

Access Point mode: If the ESP32 web server cannot
connect to a Wi-Fi network, it acts as a router and generates
a Wi-Fi network to which client devices will connect.

In both operation modes, the ESP32 server presents a
static IP address.

The web server based on the ESP32 module performs the
following functions: validating the connection of client nodes
affiliated with the network (the web server only receives data
frames from nodes with IDs registered in its memory);
receiving the data frame with the sensor values from
validated client nodes; establishing a connection with clients
who need to access the webpage displaying sensor data
through the TCP (Transmission Control Protocol) [27] data
logger [28] of sensor data; managing the web page; and
communicating with the IoT platform [29].

Fig. 3 shows the heuristic diagram of the operation of the
web server in the wireless sensor network.

2.6 Web interface
The web interface [30], also known as user interface or

GUI (graphical user interface) [31], is the structure designed
in a web application that allows users to access various
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Figure 4. Web Interface— Greenhouse Instrumentation System.
Source: Authors’ own creation.

contents of the server. The web interface of the sensor
network uses visual components, such as numerical displays
and gauge-type elements, to represent the information from
each of the data provided by the sensors of the client nodes
affiliated with the network.

Fig. 4 shows the web interface that allows the user to
monitor [32] the ambient temperature, soil humidity, and
ambient relative humidity at three different locations in the
greenhouse. It also displays the light intensity and existing
UV solar radiation inside the greenhouse. Depending on the
area of the greenhouse or crop to be instrumented, a greater
number of sensors can be added to the network with a greater
diversity of functionalities.

2.7 Data logger

The implemented data logger allows for the collection
and recording of data from various sensors at regular time
intervals or specific events.

The data logger [33] has the ability to locally store
variables using a Micro SD memory card. The data is stored
in a plain text file that does not have any formatting or
markup code, making it ideal for storing information that
only needs to be readable in its most basic form.
Additionally, this type of file is compatible with various
operating systems and applications, making it easy to
exchange and share between different platforms [34].

The information provided in the data logger will be used for:

Data analysis and processing: The recorded data can be
analyzed and processed to extract relevant information.

Monitoring and tracking: Monitoring and tracking the
measured variables.

Decision-making: Supporting decision-making processes.

Research and study: The data can be used in studies to
propose new research and generate digital controllers, among
other uses.
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2.8 Sensor Network Architecture

The sensor network consists of a server module, a
gateway for internet access, three client NANs, and various
client NNANs, which are distributed throughout the
greenhouse as per Fig. 5.

The Gateway provides the sensor network with IoT
connectivity, through which data is transmitted to a broker
using the Message Queuing Telemetry Transport (MQTT
protocol [35], processed using Node-RED [36], stored in the
InfluxDB database [37], and visualized using Grafana [38].

The ESP32 server node’s hardware structure includes a
2.4GHz data transmission block with an average power of
+20.5 dBm (113.24mW) [39], which complies with the IEEE
802.11b standard. If the Gateway device is damaged or
turned off, the ESP32 server is reconfigured to operate in
Access Point mode, generating a Wi-Fi signal with a
coverage of up to 65 meters within the greenhouse.

The Gateway device and the ESP32 server node were
installed in the center of the greenhouse because a star topology
was used for the sensor network. The NAN client nodes were
distributed across three sections of the greenhouse, while the
NNAN nodes can be positioned anywhere in the greenhouse.

Fig. 5 identifies the coverage areas of the different nodes of
the sensor network. The Gateway or web server generates a Wi-
Fi signal that covers the entire greenhouse area (zone Z1). NAN
Client 1 has a coverage area denoted by Z4, Z3 is the coverage
area of Client 2, while NAN Client 3 has the coverage area
denoted by Z2. Identifying these zones is essential for the
network to cover a larger area using a tree topology [40].

2.9 IoT Platform
The IoT enables the interconnection of physical devices with

electronic components capable of collecting and sharing data in
real time with other devices through a common platform [35].
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IoT platforms facilitate the capture of information
collected by sensors, real-time data transmission, and remote
device management. They also provide an interface to access
their resources using internet protocols, allowing interaction
with high-level programming languages to process data and
remotely control devices [10].

Several experts have presented different architectures for
the IoT, although the most common are the three- and five-
layer architectures, which are widely analyzed by [41].
Regardless of the IoT architecture applied, it is essential to
have communication. To achieve this, IoT technologies make
use of the four layers of the TCP/IP model [42].

There are various protocols for communication and data
transfer between IoT devices. For data transfer between the
Web Server node (ESP32) of the sensor network and the IoT
broker, the MQTT protocol was used because it is
lightweight and compatible with devices and applications
with  limited resources (low bandwidth, limited
computational power, low memory, etc.) [43].

An MQTT client is a hardware and/or software
component that exchanges data by connecting to a broker
[44]. The web server node of the sensor network (client)
sends data to the broker (server). In an IoT platform using the
MQTT protocol, there is a “Publish-Subscribe” mechanism,
where the client is called the publisher, and the process is
called publication. The action of receiving data from the
broker (server) by a client (subscriber) is known as a
subscription. Subscribers have graphical access to sensor
network data using the Grafana software.

It is important to note that a broker can serve multiple
subscribers and publishers, depending on the hardware
capacity of the machine on which it runs. A client can play
the role of both publisher and subscriber.

The MQTT protocol employs three levels of Quality of
Service (QoS) to ensure message delivery. [45] used QoS 2,
which is the highest level of service in MQTT and ensures
that each message is received by the recipient.
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The Eclipse Mosquitto broker acts as an MQTT
intermediary and supports QoS levels 0 (at most once), 1
(at least once), and 2 (exactly once) [46]. These
characteristics make MQTT reliable for IoT applications.
The Eclipse Mosquitto [oT server, along with the Node-
RED programming tool, the InfluxDB database, and the
Grafana application, is hosted on an IBM System x3250
M2 server running Ubuntu 18.04.

The data from the sensor network is stored using the
InfluxDB database [47]. The Grafana application allows
connection to various data sources, monitoring services,
and metric systems to collect information and display it
graphically to the user. The dashboard developed in the
Grafana application permits users to visualize the data
from the publishing devices in real time.

3 Results and discussion

The instrumentation system developed for monitoring
environmental variables in greenhouses was subjected to a
set of tests in different controlled and real conditions.
Initially, it was validated in a controlled environment to
ensure the accuracy of the measurements and the stability of
the hardware and firmware. Subsequently, it was
implemented in a real environment, where its performance
was evaluated over a period of 21 hours. Variables similar to
those studied by [48] were monitored, including ambient
temperature, soil moisture, UV radiation, illumination and
relative humidity, with 10-minute intervals between each
measurement. These data allowed the identification of stable
patterns and critical behaviors related to the greenhouse
microclimate.

Fig. 7 shows two representative graphs of the
measurements taken in the developed system. In the upper
graph (Node 1), it is observed that the ambient temperature
varies between 26.4 and 27.4 °C, with thermal peaks around
noon due to maximum solar radiation. This daytime pattern
suggests the need to adjust the greenhouse ventilation during
the hottest hours. The lower graph (Node 2) shows soil
moisture, which presents a stable behavior with slight
increases in the cooler hours due to reduced evaporation.
Around 2:00 pm, a slight decrease in humidity is recorded,
reflecting the impact of the increase in ambient temperature.
These results highlight the system’s ability to monitor soil
conditions in real time, informing irrigation-related
decisions.

Fig. 8 shows a control panel developed in Grafana that
integrates multiple variables measured at Node 3 over three
days. The upper graph shows temperature fluctuations
between 20 and 30 °C, with daytime highs and nighttime
lows.

The indicators show the levels of illumination (988 lux)
and UV radiation (index of 5.9). These figures allow us to
evaluate the impact of sunlight on the crops. Fig. 8 shows soil
humidity, which varies significantly throughout the day,
reaching peaks close to 80% at times of low temperature and
dips to 50% during the hottest hours. This analysis capacity
makes it possible to optimize irrigation, avoiding problems
such as root asphyxia due to excess water or dehydration due
to a lack of water.
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Figure 7. Graphs depicting ambient temperature and soil humidity data.
Source: Author’s own creation.

In comparison with studies such as [49], which designed a
modular system based on Xbee technology to monitor basic
variables in greenhouses using a GUI developed in Matlab
software, the proposed system incorporates a wider range of
sensors, Wi-Fi technology, and a user interface based on the
Grafana tool. The Matlab software, although robust, involves
costs in license acquisition, and it is complex to deliver
applications in an accessible way. In contrast, Grafana is open-
source software, allowing greater flexibility, customization, web
deployment, and native integration with databases such as
InfluxDB. Limitations have been identified in the use of
industrial HMI screens for data visualization due to the cost of
acquiring equipment and licenses [50], whereas our study
overcomes this by employing Grafana, open-source software,
which allows real-time data visualization through interactive
dashboards accessible from smart devices, significantly reducing
costs and facilitating the scalability of the system.

Likewise, [51] used LoRaWAN technologies for data
collection over long distances, demonstrating their energy
efficiency and coverage. However, they did not address the
integration of real-time graphical interfaces for the user to
visualize the data nor the possibility of scaling the system to
new sensors, as mentioned by [52]. In contrast, our study
allows a more interactive and accessible experience for end
users since the dashboard presented in Fig. 8 allows real-time
data visualization from any end device with network access.
The developed hardware platform allows the integration of a
larger number of sensors according to the needs of the
application environment.

This instrumentation system contributes to information
collection by combining low-cost hardware with open-source
software, eliminating economic barriers for small-scale
farmers. The data collected and visualized in real time mean
that transfer functions can be established to optimize
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ventilation and irrigation in greenhouses. This represents
an advance over research projects such as [53], which
highlighted the importance of integrating IoT in monitoring
systems but limited its scope to data collection and storage,
without addressing specific applications that allow
immediate and automated action on agricultural systems. It
did not explore critical functions, such as automatic control
of irrigation and ventilation, which are essential in
maintaining optimal crop conditions and maximizing
resource use efficiency. Our proposal not only collects and
visualizes data in real time but also lays the groundwork for
integrating automated processes, representing a more
comprehensive and practical approach to precision
agriculture.

In Fig. 7, the graphs demonstrate the system’s ability to
monitor temperature and humidity variations in real time,
providing reliable data to identify critical weather patterns
within the greenhouse. This information provides a solid
basis for designing and implementing more effective climate
management strategies. In addition, the clarity of the graphic
representation and the stability of the data collected prove the
system’s robustness. This facilitates its scalability and
integration in larger greenhouses or with specific monitoring
requirements adapted to different types of crops and
environmental conditions.

The implementation of this system in a greenhouse
provides farmers with a tool to access real-time information,
facilitating strategic decision-making based on accurate and
up-to-date information. The ability to integrate key
measurements, such as UV radiation and lighting levels,
allows operators to adjust critical environmental variables,
such as shading or artificial lighting, quickly and efficiently.
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This is particularly important in sensitive crops, where even
small variations in environmental conditions can
significantly impact yields. By minimizing unnecessary
energy use through data-driven adjustments, the system helps
reduce operating costs, making it especially valuable for
growers with limited resources. Optimizing the use of natural
and artificial light not only improves crop productivity but
also promotes sustainable farming practices by reducing the
energy footprint.

Compared to traditional monitoring methods, which often
rely on manual inspections or expensive and less accessible
tools, this system offers a more economical, scalable, and
adaptable solution to the needs of different types of crops and
environments. The clear and understandable visualization of
these variables, as shown in Fig. 8, allows growers to easily
interpret the data and respond in a timely manner,
maximizing productivity and ensuring crop quality.

Moreover, by monitoring soil moisture, both dehydration
and over-irrigation, problems identified by [54] concerning
smart irrigation systems, can be avoided.

The use of open-source technologies significantly
reduces initial implementation costs and eliminates
dependence on proprietary licenses, making them accessible
to small and medium-scale farmers. Furthermore, their
modular and scalable nature allows the integration of new
sensors and functionalities adapted to the specific needs of
each crop or region. This not only fosters local innovation
and technological customization but also democratizes
precision agriculture by making these tools accessible to rural
communities. Thus, it promotes a more inclusive,
sustainable, and efficient agriculture, capable of meeting
global challenges like food security and climate change.

Although the system proved to be functional and stable,
limitations were identified. For instance, the modules’ outer
casings are not airtight, which could affect their durability in
very humid conditions. Additionally, the integration of new
sensors requires advanced technical skills, limiting their
adoption by farmers with less access to technical training.

In future developments, it is advisable to improve the
casing design to protect the electronic components better, as
well as to implement artificial intelligence to automate
decision-making based on data patterns. These
improvements will further align the system with the practical
needs of modern, sustainable agriculture.

This study is notable for implementing a low-cost
platform that monitors environmental variables in real time
and facilitates their interpretation through an interactive and
accessible system. This allows resources to be used well and
accurate decisions to be taken, overcoming the limitations of
previous systems that did not integrate open-source tools or
provide practical scalability for different agricultural
contexts.

4  Conclusions

Climate change has led farmers to devise strategies to
minimize possible crop damage. As a result, greenhouses
have emerged as an option to isolate plantations and create
an optimal environment for crop growth. Farmers often
control environmental variables within greenhouses,
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manually and experimentally, which could lead to crop
damage.

For this reason, a wireless sensor network connected to
the IoT based on ESP32 and ESP8266 modules was created
to monitor environmental variables in crops under
greenhouses. This allowed users to know in real time, locally
or remotely, all the environmental variables that affect the
crop through the data collected by the sensors. The
information is represented on a dashboard consisting of
various graphs that help the user to make decisions.

The sensor network structure in star topology consists of
a server node and three client nodes attached to the network.
These nodes are in constant communication to acquire the
various environmental variables inside the greenhouse. Each
of the nodes presents a hardware and software element
(firmware) that was subjected to various operation tests in
controlled and real environments.

The use of MQTT in a wireless sensor network offered an
efficient and reliable solution for data transfer to the Eclipse
Mosquitto broker. Thanks to its low bandwidth consumption,
ability to maintain persistent connections, and adjustable
quality of service levels, MQTT has become a useful protocol
for transmitting data through the IoT. Using the InfluxDB
database, the information was backed up, and software such
as Node-RED and Grafana enabled the development of a
dashboard that visualizes the variables in real time within the
greenhouse.
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