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Keywords: ABSTRACT
Digital agriculture The thermal environment in livestock buildings affects the productive and reproductive

Internet of things performance of animals. Therefore, monitoring thermal environment variables is necessary. This

Animal production study reviewed the applicability of the electronic device ESP8266 module to monitoring animal

Decision making production. The ESP8266 module is a microcontroller that enables the collection, storage and
transmission of data that influence livestock production. The data collected are transferred to
cloud computing systems allowing the development of supervisory systems that can be accessed
by smartphones, tablets or computers. With this type of microprocessor, it is possible to develop
autonomous management systems for animal production. Connected devices using the internet
of things, artificial intelligence, machine learning and blockchain will facilitate the analysis of
data from the production chain and the appropriate decision-making. Managers of livestock

production systems will be in charge of following up and monitoring the processes.

Palavras-Chave: USO DO MODULO ESP8266 NA PRODUCAO ANIMAL: UMA REVISAO

Agropecuaria digital RESUMO
Internet das coisas

Producio animal O ambiente térmico nas instalagdes de produgdo animal afeta o desempenho produtivo e

Tomada de decisdes reprodutivo dos animais. Em virtude disso, ¢ preciso monitorar as variaveis ambientais do
sistema. Neste estudo, buscou-se demonstrar a aplicabilidade de um dispositivo eletronico,
o moédulo ESP8266, para monitoramento da produg¢do animal. O moédulo ESP8266 ¢ um
microcontrolador que possibilita a coleta, armazenamento e transmissao de dados que impactam
na producdo animal. Os dados coletados podem ser transferidos para sistemas de computagao
em nuvem permitindo o desenvolvimento de sistemas supervisorios que podem ser acessados
por smartphones, tablets ou computadores. Com a utilizagdo desse tipo de microprocessador ¢
possivel se desenvolver sistemas autdnomos de manejo da produgdo animal. Os equipamentos
conectados, com apoio da internet das coisas, inteligéncia artificial, aprendizado de maquina
e blockchain poderdo facilitar a analise dos dados da cadeia produtiva e a tomada das
decisodes cabiveis. Aos gerentes dos sistemas de producdo animal caberd o acompanhamento e

monitoramento dos Pprocessos €m curso.
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INTRODUCTION

The productivity of animal production systems
has increased significantly in recent years as the
result of technological advances and investments
in  genetic nutrition, health,
management and ambience. These advances
came about to increase the world production of
foods of animal origin with improved efficiency
and sustainability. To achieve greater production
efficiency, it is important to consider animal
welfare, since animals in thermally favorable
environments tend to express their maximum
productive potential (Gonzalez-Rivas et al., 2020).

A thermally favorable environment is defined
as temperature and relative humidity in adequate
ranges for animal development, i.e., animals
will not suffer from extreme heat or cold (Baéta
& Souza, 2010). When exposed to high ambient
temperatures, animals maintain homeothermy
through physiological and behavioral changes
(Hoffmann et al., 2020; Baéta & Souza, 2010).
In this condition, there may be decrease in feed
intake, increase in water consumption, increase
in respiratory rate to increase heat exchanges via
the latent pathway, vasodilation to increase blood
irrigation under the skin and optimize animal-to-
environment heat exchanges by both conduction
and convection. In an inverse condition, with
animals in ambient temperatures below comfort
level, feed consumption increases to increase
the metabolic heat production, vasoconstriction,
and piloerection to reduce the heat dissipation
by convection (Baéta & Souza, 2010). These
physiological changes have an energy cost, resulting
in decrease in production, decrease in intensity of
estrus and pregnancy in females, decrease in the
production of viable sperm in males, and harming
animal health (Becker et al., 2020; Burhans et al.
al., 2022; Polsky & Von Keyserlingk, 2017; Roth,
2020). Providing a favorable thermal environment
in animal production buildings is thus vital for
animal production performance (Tong et al.,
2019), since comfortable conditions allow them
to maintain homeothermy, which reduces energy
expenditure and improves productivity (Chen et
al., 2021; Gonzalez-Rivas et al., 2020).

In this sense, the animal production environment

improvement,
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must be monitored and controlled, given its
relationship with the productivity of housed
animals. The Internet of Things (IoT) has brought
good results to farmers who bet on this technology,
optimizing the use of natural resources, inputs and
energy. It is a system of interconnected electronic
devices, machines, objects, animals and/or people
that are provided with a unique identifier and
capable of transferring data over a network, which
can be fixed or mobile. The ESP8266 module and
its variants are used to exchange data between the
devices that make up the IoT and the web server
(Ruiz-Ortega et al., 2022). As a means to highlight
the results brought by IoT to animal production,
the objective of the present study is to describe
the applicability of the ESP8266 module in these
systems.

INTERNET OF THINGS

The concept of Internet of things (IoT) was
first implemented in a supply chain in mid-2008.
However, this type of wireless system, which uses
Wi-Fi, was used for the first time in 1990. Since its
creation, this system has been widely disseminated
due to its low cost and ability to operate on
common frequencies (Pereira et al., 2020). For a
device to be part of the IoT, it must be connected
to the internet, regardless of the connection method
used. Therefore, it is possible to collect and share
data in real time autonomously with no human
intervention. It is also possible to use IoT devices
in supervisory systems that provide a graphical
interface, allowing the user to monitor in real
time the environmental conditions of the animal
production system, thus becoming a tool to support
the decision-making process.

The monitoring of environmental variables
inside animal production buildings is based on
sensors to collect data. Sensors are electronic
devices that sense the variation of a physical
quantity and are capable of reading data manually
or automatically (Thomazini & Albuquerque,
2020). However, they have limitations of usability
and response time in decision-making in view of
the need for collection, tabulation and analysis
of data for later decision-making regarding the
control of the environment. Low-cost loT-based
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devices are alternatives to limitations that facilitate
data acquisition and the decision-making process
(Kumar et al., 2019). IoT-based devices enable the
monitoring of the thermal environment and animal
production in real time (Michie et al., 2020).

ESP8266 MODULE

IoT implementation requires the integration
of sensors and devices connected to the internet
using wired or wireless networks. Therefore, the
devices must be compatible with this technology.
The ESP8266 module is a system with a single
integrated circuit (system-on-chip or SOC) and
built-in Wi-Fi (Ceja et al., 2017). The ESP8266
module is manufactured by the company Espressif
Systems®, available since 2014. It was created to
be used as a Wi-Fi bridge between microcontrollers
and the web server (Ceja et al., 2017).

Table 1. Features of the ESP8266 variants

ESP82661sa32-bitmicrocontrollerthatincludes
connectors, buses, flash memory, input and output
ports, internal temperature sensor, 3.3 V operating
voltage, 80 MHz processor and Integrated TCP/IP
protocol stack, which allows connection to Wi-Fi
network (Rawlins et al., 2022).

The microcontroller architecture can feature
a variety of applications and there are different
variants based on the ESP8266 module (Table
1). The selection of the variant may depend on
funds available for purchasing, since the module
price changes according to variant. In addition, the
selection may be related to the processing power
of the module, as it also differs between variants.

ESP8266 has both processing and storage
integrated and is compatible with development
platforms, speeding up programming (Espressif
Systems, 2022; Hlaing et al., 2017). The ESP8266
module configuration can be performed by the

ESP8266 Variant Features
ESP-01 Dimensions: 14.30 mm x 24.80 mm; 8 pins between power and GPIO; unshielded PCB antenna; 3.3V;
newer versions include the ESP8266EX and the early models of the first ESP8266 (without EX).
ESP-02 Dimensions: 14.20 mm x 14.20 mm; 8 surface connections; no antenna on board, but with external
antenna connector; unshielded; 3.3V.
ESP-03 Dimensions: 17.30 mm X 12.10 mm; 14 surface connections; ceramic antenna; unshielded; 3.3V.
ESP-04 Dimensions: 14.70 mm X 12.10 mm; 14 surface connections; no antenna; shielded; 3.3V.
ESP-05 Dimensions: 14.20 mm x 14.20 mm; 8 pins; no built-in antenna, external antenna connector;
shielded; 3.3V.
ESP-06 Dimensions: 14.20 mm x 14.70 mm; 12 under-board connections; no antenna; shielded; 3.3V.
ESP-07 Dimensions: 20.00 mm x 16.00 mm; 16 surface connections; ceramic antenna or connector for
external antenna; shielded; 3.3 V.
ESP-08 Dimensions: 17.00 mm x 16.00 mm; 16 surface connections, no antenna; shielded; 3.3V.
ESP-09 Dimensions: 10.00 mm x 10.00 mm; 18 under-board connections; no antenna; unshielded; 3.3V.
ESP-10 Dimensions: 14.20 mm x 10.00 mm; 5 surface connections; no antenna; unshielded; 3.3V.
ESP-11 Dimensions: 14.20 mm x 10.00 mm; 5 surface connections; no antenna; unshielded; 3.3V.
ESP-12 Dimensions: 24.00 mm X 16.00 mm;16 surface connections; PCB antenna; shielded; 3.3V.
ESP-12-E/F Dimensions: 24.00 mm x 16.00 mm; 22 surface connections arranged on three sides (8+8+6); PCB
antenna; shielded; 3.3V.
ESP-13 Dimensions: 18.00 mm x 20.00 mm; 18 surface connections; PCB antenna; shielded; 3.3V.
ESP-14 Includes a STMS that controls the ESP8266 via AT commands; Dimensions: 24.30 mm X 16.20
mm; 22 surface connections; PCB antenna; shielded; 3.3V.
ESP-WROOM Dimensions: 18.00 mm x 20.00 mm;18 surface connections; PCB antenna; shielded; 3.3V.
NodeMCU Based on ESP-12; Dimensions: 30.85 mm x 47.35 mm; 30 pin and USB; PCB antenna; shielded;
3.3V and 5V; user and programming buttons (flash).
ESP-201 Dimensions: 26.00 mm % 33.50 mm and 26 pins.

Source: Adapted from Ceja et al. (2017)
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Arduino programming IDE software using the C
or C++ language, but other languages can be used,
such as MicroPython, Go, Lua and JavaScript
(Rawlins et al., 2022).

Therefore, one can see that IoT applications,
in which sensors measure magnitudes in real
time, Wi-Fi serial modules such as ESP 8266
are important in the system, allowing data
transmission. Data can be accessed or processed to
support the decision-making process. The module
with its Wi-Fi connection provides real-time access
to the internet and enables data transmission. This
module is designed to operate as a serial-Wi-Fi
bridge, making the connection required, that is, on
the one hand, it receives the command via serial, on
the other hand, it interacts with the Wi-Fi network
through its connections.

APPLICATION OF ESP8266 INAGRICULTURE

Integrating sensor with ESP8266 module and
computer interface enables long-distance tracking
and monitoring of the environmental variables in
animal production. It only requires a system built
with a sensor, to measure the variable, coupled
to a Wi-Fi ESP8266 serial module for data
transmission, and the software for handling and
viewing data. ESP8266 can also execute tasks on
the system such as activate the ventilation system
in specific livestock buildings.

The technology of blockchain can secure
storage of data and/or issuing reports in this
system (Garg et al., 2021). Figure 1 presents a
schematic diagram of the use of ESP8266 in a milk
supply chain. The real-time data collected by the
sensors at all production stages are transmitted to
blockchain through the ESP8266 module. From the
blockchain, an internet-connected mobile device
can easily monitor the data.

Figure 2 shows the architecture of an
environmental monitoring system using sensors and
actuators for an efficient activation of ventilation
and cooling systems of a livestock building. In this
application, the ESP8266 module also transmits
the collected data to the next stage of the system,
storing and processing the data. The architecture
consists of sensors to monitor environmental
variables and a graphic interface that allows access
and management of the application (Nugroho et al.,
2016). For an easy and quick access to the collected
data, the graphical interface can be incorporated in
the system as proposed by Shuba et al. (2016).

Pereira et al. (2020) proposed a system of
environmental data collection for a layer chicken
house. The system consists of an ESP8266 module
connected to a temperature and relative humidity
sensor, an ammonia sensor and a light sensor.
In this system, ESP8266 also favors real-time
connectivity with the internet network. The module
was used to carry out interventions in the system

Milk supply chain

N

ESP 8266 r==--- >

Blockchain

Figure 1. Schematic diagram of the blockchain technology with the ESP8266 module helping in the

transmission of data in real time
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Figure 2. Architecture of the monitoring and control system equipped with sensors, actuators and the

ESP8266 module

and correct malfunctions that may appear, ensuring
that the environmental condition is suitable for
laying birds.

Chigwada et al. (2022) developed a low-cost
system for monitoring and controlling temperature
and relative humidity, water supply, ammonia (NH,)
and light in egg production using the ESP8266
NodeMCU microcontroller. The system provided
greater efficiency in the production process and
animal productivity. Ruiz-Ortega et al. (2022)
used the ESP8266 module and built a system for
monitoring and analyzing weather conditions. The
module connected to the Wi-Fi network sends real
time data on temperature and air relative humidity,
solar radiation and wind speed to a server.

The ESP8266 module can be effective
in monitoring environmental
automated greenhouses, grain drying and storage
processes (Sindwani et al., 2020; Zhou et al.,
2020). Furtado et al. (2022) connected ESP8266-
12E to humidity and temperature sensors and a
relay to create an automated system for drying
cocoa beans. The authors reported that the system
developed was able to collect data and activate
the ventilation system in real time with a reduced
response time. Sindwani et al. (2020) developed a
system for monitoring and predicting the quality
of stored grains using loT and machine learning.
In this study, they connected the ESP3266 module
to a temperature and humidity sensor and a CO,
sensor. The authors found good performances

conditions and
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of the system in prediction and response time. In
greenhouses, the ESP8266 can be connected to
sensors and combined with relays for automation
of ventilation and irrigation systems.

However, the use of IoT for monitoring and
automating agricultural systems may be affected
by Internet connectivity issues, mainly in the
most remote regions. The internet communication
network is not accessible to all farmers and can be
unstable in certain regions and in adverse weather
conditions. In order to bypass this limitation,
Nugroho et al. (2016) created in a greenhouse
a system to monitor and control irrigation and
environmental conditions in a region with internet
instability. The system developed operated in
online and offline mode, using a local management
subsystem, which worked with no connection to
the internet/network, and a global management
system, which operated in connection to the
internet/network and performs data transmission.
Thus, the system proposed was able to collect,
store and analyze data, for subsequent management
of the irrigation system.

CONCLUSION

e The ESP8266 module, among all its variants
presented, can play an important role in
animal production. It enables the transmission
of collected environmental data so as they

Eng. Agric., v.31, p. 120-126, 2023
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can be stored and/or processed. ESP8266
can integrate decision-making systems, as it
can provide real-time data collected by the
connected sensors.
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