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Abstract: Internet technologies encompass
a wide range of tools and systems that
enable communication, information sharing
and global connectivity. The integration of
the Internet of Things (IoT) and Artificial
Intelligence  (AI) in agriculture has
revolutionized the way resources are managed
and farming practices are optimized.
Through the use of connected sensors, real-
time monitoring systems and advanced
data analytics, farmers can make informed
decisions that improve the efficiency and
sustainability of their crops. AI makes it
possible to predict weather conditions, detect
pests and diseases early, and automatically
adjust irrigation and fertilization, which
reduces resource and increases
productivity. Together, these technologies not
only improve profitability, but also contribute
to food security and environmental protection.
The objective of this research project is to
manage the different physical variables such
as temperature, humidity and luminosity
involved in an aeroponic greenhouse through
the use of Internet of Things and Fuzzy Logic.
This proposal has been implemented in a low-
cost greenhouse prototype where a bank of
sensors managed through the open source
automation platform Home Assistant (HA)
has been placed. The aeroponic greenhouse
can be controlled locally (Fog Computing) or
from anywhere with an Internet connection
via VPN (Cloud Computing). This type of
proposal is intended to accelerate the growth
process of the agricultural products placed
inside the greenhouse. The implementation
of this project will be in two phases. The
first phase will consist of the construction
of the aeroponic greenhouse along with the
sensor bank, the central processing system,
connectivity of the sensor bank to the Home
Assistant platform and remote connectivity
to the greenhouse. In the second phase, fuzzy
logic will be implemented for the automatic

waste

management of the sensor bank and the
control of ultraviolet light for the germination
of different types of agricultural products. This
proposal shows the results of the first phase of
the project.

Keywords: Aeroponic greenhouse, Internet
of Things, Artificial Intelligence, Fuzzy Logic,
Sensor.

INTRODUCTION

Agronomy has evolved significantly in
recent decades due to the growing need for
sustainable solutions for food production,
given population growth and climate change.
Traditional approaches to agriculture have
been complemented by technological
innovations, such as precision agriculture,
advanced irrigation systems and the use of new
cultivation techniques, such as hydroponics
and aeroponics (FAO, 2021).

A prominent trend is the use of sensors,
drones, and mass data processing to improve
crop efficiency and reduce natural resource
use. These technologies allow for more
detailed monitoring of soil conditions,
weather, and plant health, which maximizes
yields and minimizes environmental impact
(Brady & Weil, 2019).

Vertical farming and soilless growing
systems, suchasaeroponics,are gaining ground
in regions where land and water availability is
limited. Aeroponics, in particular, has proven
to be a promising technique for growing a
wide variety of plants, especially in controlled
environments such as greenhouses or urban
facilities. This method optimizes water and
nutrient use, making it a highly efficient
option for the future of sustainable agriculture
(Bailey- Serres et al., 2019).
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Figure 1. Bustanica, the world’s largest vertical
farm (Source: www.xataka.com).

In Mexico, agronomy has also experienced
significant advances, driven by the need
to improve agricultural  productivity
and address climate and water resource
challenges. Precision agriculture has begun
to be implemented in several regions of the
country with techniques such as aeroponics,
although in its early stages of adoption, they
have aroused interest in both academia and
agricultural companies seeking to improve
water use efficiency (Sanchez-Lizarraga &
Carrillo-Loépez, 2020).

Figure 2. Karma Verde Fresh, an example of
vertical agriculture in Mexico (Source: https://
karmaverdefresh.com/).

The government and academic institutions
have encouraged research and development
in areas related to sustainable agriculture, and
the Ministry of Agriculture and Rural Deve-
lopment (SADER) has promoted technolo-
gical innovation projects in the agricultural
sector, including soilless cultivation systems.
The states with the greatest adoption of the-
se techniques are those with scarce water or
agricultural land, such as Baja California and
Zacatecas, where aeroponic systems are being
considered for high-value crops, such as vege-
tables and medicinal plants (Martinez & Pé-
rez, 2021).

The proposed aeroponic greenhouse based
on the Internet of Things (IoT), is a low-cost
prototype that is composed of a sensor bank,
a microcontroller and Home Assistant (HA)
integrator platform. The sensor bank will be
used to monitor the main physical variables
of the greenhouse such as temperature, humi-
dity and ambient brightness of the aeroponic
environment. The main function of the mi-
crocontroller will be to monitor and process
the above physical variables and send the re-
sult to the HA.

The HA will allow to display in a mobile
application environment, the status of each
of the sensors, actuators and remote access to
the greenhouse.

THEORETICAL FRAMEWORK

Aeroponics is an advanced method of
soilless cultivation in which plant roots are
suspended in the air and sprayed with a
nutrient-rich solution. This technique, which
emerged as an evolution of hydroponics, has
gained interest due to its ability to maximize
water and nutrient use, reduce the space
required for cultivation, and avoid problems
associated with soil use (Kozai et al., 2020;
Sharma et al., 2019; Lakhiar et al., 2018; Zhang
& Ling, 2021).
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Figure 3. Aeroponic cultivation towers

(Source: www.agrohuerto.com)

The development of aeroponics has been
driven by the need to find more sustainable
agricultural solutions to the problems arising
from climate change, water scarcity and loss
of arable land. This technique is especially
useful in controlled environments such as
greenhouses and vertical farming systems,
where the efficient use of resources is a priority.

One of the main advances of aeroponics
is its ability to use up to 95% less water
than traditional agricultural methods and
its potential to increase the speed of plant
growth, due to high oxygenation of the roots.
In addition, aeroponic crops can produce food
year-round regardless of weather conditions.

This makes them a viable option for
production in urban areas and regions with
unfavorable environmental conditions.

Despite its benefits, aeroponics faces
challenges such as the high initial cost of
the necessary infrastructure and equipment,
as well as the need for specialized technical
management to keep the systems running
optimally. Interruption of the nutrient supply
or spray system can cause rapid damage to
plants, limiting mass adoption.

Advances in automation and monitoring
have improved the viability of aeroponics,
reducing reliance on manual management.
However, the lack of standardization in tech-
nology and the poor dissemination of know-

ledge on the subject in some countries remain
barriers to its global implementation (Medina
& Gutiérrez, 2022).

On the other hand, the Internet of Things
(IoT) has grown exponentially in the last de-
cade, transforming the way we interact with
the digital and physical world. IoT refers to
the interconnection of everyday devices and
objects through the internet, allowing them to
collect, send and receive data without direct
human intervention. Advances in sensors, wi-
reless networks and processing technologies
have facilitated this expansion (Atzori et al.,
2020; Xu et al., 2019; Gubbi et al., 2021; Bello-
-Orgaz et al., 2021).

In agriculture, IoT has enabled remote
crop monitoring, water use analysis and irri-
gation system automation, which optimizes
crop yields in an environment where clima-
te change and resource scarcity are growing
problems. However, in Mexico, the main chal-
lenges remain the telecommunications infras-
tructure and the high cost of implementing
IoT technologies compared to other countries.

On the other hand, Home Assistant (HA) is
an open source automation platform designed
to monitor, control and automate smart
devices in a home. Since its launch in 2013, it
has gained popularity for its flexibility, broad
compatibility with a variety of devices and the
ability to operate locally, without the need to
rely on cloud services. This provides greater
privacy and security, a concern growing in the
field of the Internet of Things (IoT) (Schneider,
2020; Gaur et al., 2021; Guo et al., 2021).

With the objective of increasing plant
growth speed, this research work focuses, in
its first phase, on the implementation of a low-
cost IoT-based aeroponic greenhouse.
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MATERIALS AND METHODS

The design and implementation of the
proposed smart greenhouse has been oriented,
at first, towards the cultivation of radishes,
without ruling out the possibility of adapting
it to other crops by incorporating new sensors
and actuators.

The growing cycle of radish depends on
climatic conditions and can range from 20 to
more than 70 days. Vegetative development
takes place between 6 and 30° C. The optimum
germination temperature is between 20 and
25°C (SIAP, 2023).

Figure 4 shows the architecture of the
intelligent greenhouse, indicating the scope
of processing of the physical variables
involved, the technological tools used and the
communication protocols involved in data
transmission.

On the far right of Figure 4, the bank
of sensors and actuators managed by the
ESP8266 microcontroller is shown. In this first
version, the DHT22 sensors have been used to
monitor the ambient temperature inside the
greenhouse, the DHT11 sensor to monitor
the humidity inside the aeroponic towers and
the PS-006 solar panel to monitor the light
intensity. Based on the values obtained by the
above sensors, the greenhouse will be able to
automatically manage the UV lamp (A=385-
400 nm), the air injector and extractor to
maintain the inside temperature between 200
C and 250 C and the humidifiers of the tubes.
The above temperature has been properly
calibrated for radishes. The chosen UV lamp
is activated in the absence of natural light.

The installation of Home Assistan on
the Raspberry Pi 400 microcontroller as
an operating platform, will allow both the
management of the bank of sensors and
actuators locally, as well as access to them
from anywhere else on the Internet with a
graphical interface to the user quite intuitive.
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Figure 6. Example of a customized Home
Assistant Graphical User Interface (GUI)
(Source: https://magazine.odroid.com).

On the far left of Figure 4, the technologies
thatallow communication with the greenhouse
from any other location are observed using
the Home Assistant application on any end
device such as a desktop computer, tablet
or smartphone with Internet access. The
Telegram application is used as a messaging
service to send notifications about the
greenhouse operation facilitating immediate
and effective communication of any relevant
event within the greenhouse and, finally,
the Tail application is used to ensure secure
communication via VPN with the Raspberry
Pi 400 microcontroller (Tailscale Inc, 2024).

Figure 7. Raspberry Pi 4 microprocessor using
HA as operating system.

Finally, by integrating Home Assistant
with Google Drive, it will enable continuous
backups of data generated by the greenhouse.
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Figure 5. Microcontroller and sensor bank used in the first phase of the greenhouse.
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RESULTS AND DISCUSSION

Several phases have been planned for the
implementation of this research project. In this
first phase, the model was built with a wooden
base, PVC aeroponic tubes and a polyethylene
roof to allow the passage of natural light to
the seedlings. Subsequently, the entire IoT
system was installed, consisting of the DHT12
and DHT11 sensor bank, the solar panel, the
fans (intractor and extractor), the ESP8266
microcontroller and the Raspberry Pi 4.

Now, Figure 9 shows the general electrical
diagram of the Greenhouse derived from
the connection of the sensors, actuators and
microcontrollers.

For local or remote management of
the greenhouse, the Home Assistant (HA)
platform has been used as the user interface.
The HA has the main feature of being an
open source platform designed to control and
manage smart devices in the home. Precisely
because it is open source, in this project
HA has been customized for greenhouse
management. Another of the main features
offered by HA is that it allows the integration
of a large number of smart devices from
different manufacturers. Although In this
project HA manages the physical variables
of humidity, luminosity and temperature
of the greenhouse, it also allows to scale the
greenhouse management in case of increasing
and/or changing the control of the physical
variables for the management of other types
of seeds. The following figure shows the main
control panel of the Home Assistant along
with the management of the physical variables
of the greenhouse.

It is worth mentioning that the ultraviolet
light comes into action automatically when
there is low natural light. Figure 11 shows the
greenhouse under the above situation.

Figure 5. Automatic operation of UV light and

humidification.

The user has the possibility to constantly
monitor the presence of any event inside
the greenhouse either locally or remotely
via Telegram notifications. The following
figure shows some events such as the status
of temperature, humidity, time and quality of
exposure.
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Figure 6. Interaction with the Greenhouse bot
in Telegram for monitoring the main physical
variables.
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As the next phase of this project, fuzzy logic
will be used to control all the control processes
generated inside the greenhouse. For example,
the interior temperature control process, the
tuning of the ultraviolet light depending on
the type of seed germination, the humidity of
the towers, among other physical variables.

CONCLUSIONS

and continuous data collection capability
facilitates  informed decision making,
promoting more efficient and sustainable
agricultural practices.

Implementing IoT sensors in agriculture
offers multiple benefits. Farmers can adjust
irrigation and temperature precisely, reducing
water and nutrient wastage and improving
crop yields. The next phase of Greenhouse

implementation will be the adoption of fuzzy
logic which, together with IoT, will enable
a major step towards precision agriculture;
providing advanced tools that help meet the
challenges of modern agricultural production
and ensuring more responsible and efficient
resource management.

The use of the Internet of Things in
agriculture has revolutionized the way we
manage and optimize farming operations. IoT
sensors allow real-time monitoring of various
critical parameters, such as soil moisture,
temperature, ambient humidity. This accurate
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