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Scalable Technological
Architecture Empowers Small-
Scale Smart Farming Solutions

BY JOSE A. BRENES AND GABRIELA MARIN-RAVENTOS

MART FARMING
TECHNOLOGIES
have the poten-
tial to revolu-
tionize agricul-

ture by enhancing resource

efficiency, productivity,
and sustainability. How-
ever, small-scale farmers in

Latin America face chal-

lenges in adopting these

technologies due to limited
resources and technologi-
cal constraints. In re-
sponse, we have developed
an affordable smart farm-
ing solution that empowers
small-scale farmers with

a comprehensive system

that strategically integrates

sensors into monitoring
stations allowing control
over specific actuators.

This solution enables pre-

cise and resource-efficient

production, by using moni-
toring stations deployed in

crop fields, accessible vi-

sualization dashboards for

farmers to review collected
crop data, and a context-
sensitive alert module.

In greenhouse envi-

ronments, monitoring is
crucial for optimal crop
health and productivity.*
For this reason, we lever-
age distinct technologies to
create monitoring stations
facilitating real-time data
acquisition through sen-
sors. The collected data is
then processed to generate

e
This research offers a practical
and scalable solution tailored

to the unique challenges

faced by small-scale

farmers in Latin America.

actionable insights, em-
powering farmers to make
informed decisions about

resource allocation, irriga-
tion, and climate control.
We introduce a scalable
technological architecture
tailored to the specific
needs of small-scale farm-
ers in Latin America, built
upon our smart farming
solution. This architecture
incorporates advanced
and emergent technolo-
gies, such as the Internet
of Things,® wireless sensor
networks,' data analytics,’
and artificial intelligence.’
Its aim is to streamline the
development of adaptable
smart farming platforms
suitable for different farm
sizes and resource capaci-
ties, accommodating both

individual and collective
installations. Farmers
associations and govern-
ment bodies can deploy

it as a public solution to
support the productive sec-
tor. A meticulous analysis
of Latin American agri-
cultural contexts guided
the identification of key
components, including
low-cost IoT sensors, data
collection and transmission
protocols, centralized data
storage and processing, and
user-friendly interfaces for
farmers.

The proposed architec-
ture results from several
multidisciplinary research
projects conducted
throughout the last four
years. The research has
been carried out following
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Figure. Architectural components of the smart farming solution.
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the design science method-
ology to design and test an
incremental set of artifacts.
After creating an integral
smart farming platform,
which includes monitoring
and control stations,® a flex-
ible network architecture,’
data processing guided by
AL?*° and smart alerting,?
the research culminates

by formally defining the
proposed technological
architecture following the
ISO/IEC/IEEE 42010:2011
standard.

This research offers not
only a practical and scal-
able solution tailored to the
unique challenges faced
by small-scale farmers in
Latin America but helps to
disseminate the knowledge
acquired during its design

Notifications

and development. By en-
abling small-scale farmers
to embrace smart farming
technologies, we aim to
foster inclusive agricultural
development, narrow the
digital divide, and ensure
that the benefits of technol-
ogy are accessible to all.
This knowledge provides a
solid foundation for policy-
makers, researchers, and
stakeholders to promote
the widespread adoption

of smart farming solutions
and drive the transforma-
tion of agriculture in the
region.
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