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Abstract— A concise overview of how IoT technologies have
been integrated into agriculture to improve efficiency, reduce
resource wastage, and increase crop yield. This section will
briefly summarize the results discussed in the article,
emphasizing improvements in water usage, crop health
monitoring, and predictive analytics. In agriculture, the
integration of Internet of Things (IoT) technology marks a
significant step towards more sustainable and effective farming
operations. The work investigates the application and benefits
of loT-based Smart Agriculture Monitoring Systems in
improving crop yield, improving the use of resources, and
reducing the environmental imprint. The study analyzes sensor
effectiveness in monitoring soil moisture, weather conditions,
and crop health, facilitating automated interventions such as
irrigation, fertilization, and pest control. Additionally,
environmental assessments demonstrate a decrease in water
usage by up to 30% and a reduction in chemical inputs,
contributing to better soil health and reduced adverse
environmental impacts. The research addresses challenges,
including sensor accuracy, data management, and the
technological literacy required for effective system use. Despite
these hurdles, the overall benefits underscore the potential of
IoT technologies to revolutionize agricultural practices. This
paper concludes with strategic recommendations for
stakeholders and outlines future research directions to enhance
further the efficacy and accessibility of IoT solutions in
agriculture. The significance of this paper lies in its potential to
transform the agricultural sector through the adoption of IoT
technologies, ultimately leading to more sustainable, efficient,
and profitable farming practices.

Keywords—IoT, Smart agriculture, Precision agriculture,
Data analysis, Farming practices, Environmental impact,
decision-making.

1. INTRODUCTION

The fusion of cutting-edge technologies and traditional
farming methods is about to bring about a massive shift in the
agricultural landscape of the world [1-2]. The Internet of
Things (IoT) is one of these technical advancements that have
come to light as a ray of hope, providing hitherto unheard-of
chances to completely transform how we manage resources,
grow crops, and deal with the challenges of contemporary
agriculture. For centuries, farming has been the cornerstone of
human civilization, providing sustenance, livelihoods, and a
profound connection to the land [3]. However, the agricultural
sector faces an array of formidable challenges in the 21st
century, from the relentless pressures of climate change to the
soaring demands of a burgeoning global population. In this
ever-evolving landscape, the need for innovative solutions has
never been more pressing, driving forward-thinking farmers
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and researchers to explore new frontiers in technology-driven
agriculture. Fundamentally, Internet of Things (IoT)-driven
smart agriculture is a paradigm change in agricultural
management, employing the power of sophisticated analytics,
real-time data insights, and networked equipment to maximize
all aspects of farming. Farmers may measure crop health,
weather patterns, and soil moisture levels with IoT technology
to manage their farms holistically. This allows manufacturers
to make data-driven decisions with unprecedented accuracy
and efficiency. IoT adoption in agriculture involves a wide
range of technologies, from drones and sensor networks to
cloud-based analytics platforms and automated equipment.
From farm to fork, these linked systems create a digital
ecosystem that covers the whole agricultural value chain,
facilitating smooth coordination and communication at every
level of operation. Central to the IoT revolution in agriculture
are the myriad sensors deployed throughout the farm, each
acting as a sentinel, monitoring key environmental parameters
with unparalleled accuracy and granularity [4]. Soil moisture
sensors, for example, provide real-time insights into the
hydration status of crops, allowing planters to elevate
irrigation schedules and conserve water resources.

Similarly, temperature and humidity sensors offer
invaluable data on microclimatic conditions, helping growers
mitigate the risks of frost damage and heat stress [5]. Beyond
the confines of the soil, drones and satellites take to the skies,
capturing high-resolution imagery of the farm landscape and
providing a bird's-eye view of crop health and spatial
variability. Armed with this aerial intelligence, farmers can
identify areas of pest infestation, nutrient deficiencies, or
water stress with surgical precision, enabling targeted
interventions and maximizing yield potential. However, the
true power of IoT-based smart agriculture lies not merely in
data collection but in data utilization. Farmers may unearth
hidden patterns and connections that might otherwise remain
elusive by transforming raw sensor data into actionable
insights through the integration of advanced analytics and
machine learning techniques.

Predictive analytics models enable farmers to keep one
step ahead of nature's capricious whims by forecasting crop
yields, identifying disease outbreaks, and maximizing
resource allocation in real-time, as shown in Fig. 1. However,
for all its promise, the adoption of IoT in agriculture is
challenging. The upfront costs of deploying IoT infrastructure
can be prohibitive for small-scale farmers, while concerns
about data privacy and cyber security loom large in an
increasingly interconnected world. Moreover, the digital
divide persists, with rural communities often needing more
access to reliable internet connectivity, hindering the
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widespread adoption of IoT technologies [6]. Against this
backdrop, the gap between technology innovation and on-the-
ground implementation calls for concerted efforts. The
challenge calls for multi-stakeholder cooperation between
governments, industry players, and research institutions in the
articulation of policies that accord incentives for investment
in loT infrastructure, capacities of knowledge sharing, and
developing a sense of equity in terms of access to digital
resources among farmers, irrespective of scale and
background.

Soil
moisture

Irrigation

crop
health

Fig. 1. Proposed system

At the threshold of this new epoch in agriculture, there has
never been a time when it was any clearer that loT-based smart
agriculture is in a strong position to transform farming
practices and unlock sustainable solutions for global food
security challenges. We can create, partner, and put
technology to truly transformative use in setting our course
toward a more resilient, productive, and sustainable
agricultural future for ourselves and succeeding generations.
The global population's rise demands the efficient use of every
available square foot to grow food, and as natural resources
become scarcer, there is an excuse to maximize agricultural
practices in order to ensure food security, cleanliness, and
viability. Conventional farming methods will often fall short
of these expectations, characterized by resource wastage,
environmental deterioration, and variable yields. The main
aim of this study is to advance knowledge and to provide
useful solutions in agriculture, mainly with regard to smart
agriculture monitoring systems.

1I. LITERATURE SURVEY
Table 1 summarizes various research papers related to
IoT-based smart agriculture. This proposed study epitomizes
novelty in investigating and implementing IoT-based Smart
Agriculture Monitoring Systems for the solution of critical
issues pertinent to the agricultural sector. Even though several
industries have tremendously adopted IoT technologies, their
implementation in farming has been pretty new to date and
holds huge transformative potential over traditional practices.
It is one research that clearly focuses on better crop yields,
resource management, and environmental sustainability

through the deployment of IoT technologies.

III. PROPOSED METHOD
The available literature identifies key roles for IoT
technologies in the optimization of farming practices,
increasing efficiency and productivity in modern

agriculture[18]. Herein is an overview of some key IoT

TABLE L

Authors

Smith, Johnson
etal. [7]

Brown,
Williams et al.

(8]

Martinez,
Garcia et al. [9]

technologies that are being applied in agriculture:

VARIOUS TECHNIQUES PROPOSED BY
DIFFERENT AUTHORS

Summary

It covers IoT applications in agriculture, such as
sensor networks, data analytics, and automation. It
discusses the benefits and challenges.

He reviews various IoT technologies used in
agriculture, including soil sensors, drones, and
weather stations, assessing their impact on crop
yields and efficient resource use.

This paper examines the use of IoT in precision
agriculture. It debates real-life case studies and

applications concerning the efficient management of
water resources and pest control.

Ali, Aetal. [10] This paper discusses smart farming, its
technological underpinnings, and how these enable
IoT, Al and robotics. It also addresses the data
privacy and interoperability challenges that
naturally arise.

Lee, Kim et al. = Surveys smart agriculture monitoring systems with

[11] regard to sensor networks and data analytics,
discussing their role in improving crop yields and
sustainability.

R. Kumar et al. = Discusses how loT technologies can contribute to

[12] sustainable agricultural practices and specific
advantages that will be achieved in terms of reduced
resource usage and less impact on the environment.

E. Garciact al. This paper reviews loT-enabled precision

[13] agriculture systems comprehensively, noticing the
challenges and future research directions.

Wang, L [14] Describes the opportunities and challenges of smart
agriculture in relation to IoT technologies, Big Data
Analytics, and Cloud Computing; scalable and
secure.

Rohit Kumar = Reviewing loT applications in agriculture, including

Kasera [15] but not limited to precision irrigation, crop
monitoring, and livestock management; assess
influence on productivity and resource efficiency.
Researches the potential of IoT-based smart
agriculture in developing countries by highlighting
socio-economic factors, technological barriers, and
scalability issues.
S. J. Oad al. Discusses challenges and opportunities in IoT-based
[17] agriculture on data privacy, interoperability, and
farmer adoption. Proposes solutions to help
overcome these challenges.

N. C. Eli-
Chukwu [16]

A. Sensors

The Sensors are the backbone of the ToT systems in
agriculture, offering real-time data on a number of
environmental parameters. Some common types of sensors
used in agriculture are given in Table 2. Soil moisture sensors
are an excellent device for farmers to measure the water
content existing in the soil. This would prevent over-watering
or drought conditions and help estimate how much irrigation
is required. Further to this, weather sensors can also be
utilized to measure temperature, humidity, wind direction,
and rainfall. Such information is usually useful during
agricultural activities and weather forecasts. PH sensor
devices are also crucial in agriculture because they help
determine the acidity or alkalinity of the soil. This aids
farmers in controlling their soil pH levels to allow crops to
grow well and get enough nutrients. Nutrient sensors
represent another vital device for farmers. They trace the
quantity of soil nutrients, which positively helps gauge
fertility in the soils and improves the efficiency of
reproduction techniques. Last but not least, crop health
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sensors are crucial in detecting a change in plant health. They
detect indicators of pest attacks, diseases, or even nutrient
deficiency and thus prompt early responses and selective
treatment.

TABLEIL SENSOR DATA
Soil
Time stamp Moisture Temge(lj':;ture er()f]’;)- ]]‘(I]%ﬁ)llth
(%)
2024-04-01
08:00:00 4 20 80
2024-04-01
09:00:00 42 21 78
2024-04-01
10:00:00 40 22 75

B. Data Transmission: How Field Data Gets to the Farmers
or a Central System Through Various Communication
Technologies

Once recuperated from the sensors, the data is transmitted to

the field, farmer, or central systems using various

communication technologies, such as [19].

a) Wireless Networks:

Wi-Fi, Bluetooth, Zigbee, or any other technology that can
be used to transmit data over short distances within the farm
or a field.

b) Cellular Networks:

Data can be sent over greater distances using 3G, 4G, or
the emerging 5G cellular networks, thus allowing real-time
monitoring and management of remote agricultural sites.
¢) Satellite Communication:

Satellite communication is used in remote or rural areas
that lack cellular coverage, ensuring a quality transmission of
data from the sensors to the central systems for constant
monitoring and collection of data.

C. Data Analytics and Al

Fig.2 shows the performance of the linear regression and

random forest regression algorithms for predicting soil

moisture levels.

a) Data Collection and Preprocessing:

o Data Acquisition: Internet of Things sensors spread across
the farm continue collecting data on various
environmental factors, including crop health, temperature,
humidity, and soil moisture. Data Transmission: The
collected data is transmitted from the field to a central
repository or cloud-based platform using wireless,
cellular, or satellite communication technologies.

e Data Preprocessing: The raw sensor data is signal pre-
processed for the removal of noise, errors, and outliers to
ensure that it holds good quality and its information is
reliable.

b) Data Analysis:

Descriptive analytics combines and reports data collected
to deliver insights into past trends, patterns, and relationships
or correlations. This would typically involve information
visualization tools such as graphs, charts, and heat maps to
study and understand the data.

e Predictive Analytics: Descriptive analytics combines and
reports data collected to deliver insights into past trends,
patterns, and relationships or correlations. This would
typically involve information visualization tools such as
graphs, charts, and heat maps to study and understand the
data.

e Prescriptive Analytics: Predictive analytics leverages
machine learning algorithms to forecast future trends and
outcomes based on historical data. By analysing past
weather patterns, soil conditions, and crop performance,
predictive models can generate forecasts for crop yields,
pest outbreaks, and weather impacts, enabling farmers to
anticipate risks and plan accordingly.

Comparison of RMSE for Soil Moisture Prediction
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Fig. 2. Performance of linear regression and random forest regression

algorithms for predicting soil moisture levels

D. Artificial Intelligence

In Fig.3, Algorithms for machine learning can identify
patterns, correlations, and anomalies by learning from past
data. While unsupervised learning algorithms may group
related agricultural regions based on environmental factors,
supervised learning algorithms can identify insect
infestations, anticipate crop illnesses, and classify crops based
on sensor data. Deep learning techniques, such as
Convolutional Neural Networks (CNNs) and Recurrent
Neural Networks (RNNs), excel at processing large volumes
of sensor data, images, and time-series data. CNNs can
analyze aerial imagery to monitor crop health and detect
anomalies, while RNNs can predict soil moisture levels and
weather patterns over time.
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Fig. 3. Regions based on environmental conditions

A basic operation within CNNs is the convolution
operation, applied over input data. Assuming an input volume
X and a filter (or kernel) F of size KxK, the convolution
operation CC in a 2D space for a single layer at position (i,)
can be expressed as:

Clif) = (F X0 ) = £ X5
mj+mn)..... (1

kKL Fmmn) - X(@i +
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This operation slides the filter over the input matrix
(image) to produce a feature map, capturing spatial hierarchies
in data. Activation functions like ReLU (Rectified Linear
Unit) may be applied post convolution to introduce non-
linearity:

h(i,j=max(0,C(i,j))h(i,j)=max(0,C(i,j)) ....... 2)

RNNs process sequential data by maintaining a hidden
state At that captures information from all previously seen
elements in the sequence. The basic recurrence formula for a
simple RNN at time step tt, with input xt and previous hidden
state ht—1, is:

ht=(Whhht—1+Wxhxt+bh) ......... 3)
Vt=Whyht+tby ........ccevvvien.... “)
Where:

e  Whh are the weights applied between the hidden
state of the previous time step and the hidden state
of the current time step.

e  Wxh are the weights applied between the input and
the hidden state.

e  bhand by are biases for the hidden and output layers
respectively.

e ¢ is the activation function, commonly sigmoid or
tanh.

Merging CNN and RNN components into loT-based
farming systems would enhance the temporal data and,
therefore, the spatial data, which plays a key role in decision-
making in smart agriculture. These can cause complex and
extremely automated undertakings reliant on high-
dimensional data inputs to encounter relentless updates and,
therefore, come up with regularly much more precise and
efficient farming practices.

a) Decision Support Systems:

IoT data is tracked continuously, and the information in
those data can better guide and apprise farmers of responding
to changes and new hazards. It issues important event alerts,
including sudden changes in moisture levels and insect
infestations. Al-driven decision support systems also simplify
routine chores and improve farming methods. For instance,
real-time data on soil moisture can be used in automatic
irrigation systems, and drones, using Al algorithms, can
autonomously look over fields for insect invasions. Farmers
will progress in all crop production management techniques,
optimize resources, and mitigate risk factors better by taking
knowledge from data analytics and Al-based suggestions.
Today, no sector uses data analytics and AI more than
agriculture does. These technologies take raw sensor data and
sculpt it into actionable insights and recommendations.
Following these insights through the decision-making
processes will enable farmers to improve productivity and
sustainability on farms. Consequent upon this, farmers can
aim at better crop yields while minimizing resources through
data-driven decision-making for future, more resilient, and
sustainable food systems.

E. Automated Systems

Controlled irrigation systems based on IoT use data
provided by soil moisture sensors, real-time meteorological
input, and crop water requirements to optimize watering
schedules. Such a system can automatically alter the
frequency, duration, and amount of irrigation depending on
the soil moisture content and meteorological circumstances of
the time. Each of them will also take into account other
variables to ensure effective and efficient watering, such as

plant growth stage and evapotranspiration rates. Some of these
automatic irrigation gadgets are Smart Sprinkler Systems.
They come with IoT sensors that turn on the sprinklers only
when needed, thus avoiding overwatering, which could occur
when one unthinkingly follows a schedule. The IoT-enabled
drip irrigation system prevents water loss. Also, it ensures
adequate watering, according to data on the moisture levels in
the soil through information sent in, supplying water directly
to the root zone of plants. The systems in this line are
automated with real-time data regarding crop fertility
requirements, soil nutrient levels, and other environmental
variables. IoT technologies offer accurate fertility with
targeting. Because of controlled fertilization manners,
automated fertilization systems can deliver fertilizers
optimally for crop uptake and minimize their runoff and
leaching.

Examples of automated fertilization systems include:

o Fertigation Systems:

The IoT sensors in the fertigation systems are
supposed to be integrated with irrigation infrastructure to
allow for the direct application of fertilizers to crops using
irrigation water, ensuring their correct dosing and uniform
distribution.

e Precision Nutrient Application:

This would be in line with application of variable
rates of fertilizer using machinery fitted with IoT
technology, like variable-rate fertilizer spreaders. These
machines will spread fertilizer at different rates according
to previously prepared soil nutrient maps and crop nutrient
requirements, therefore applying the fertilizers precisely
and site-specifically.

e Automated Pest Control Systems:

IoT technologies make it easier to detect and
undertake interventions against pests and diseases before
they cause too much damage, thereby reducing sole
dependence on chemical pesticides and the impacts of
environmental degradation. IoT sensors, drones, and Al
algorithms can automate pest control systems through
real-time monitoring of pest populations and the detection
of outbreaks so that immediate measures can be taken in
view of such factors. Examples of automated pest control
systems include:

o Smart Traps and Tracking Devices:

Internet of Things -enabled traps and monitoring
apparatus are automatically equipped with sensors to
detect the activities of these insects in order to provide
real-time information to the farmers regarding what is
going on and how to control these pests.

e Precision Spraying Systems:

These systems use drones or automated sprayers
fitted with IoT sensors and AI algorithms to identify
infested spots and, through this technology, allow spraying
only in places where it is necessary, thus reducing the
number of pesticides used and lessening their off-target
effects. In other words, farmers can work more
productively and cost-effectively with a decrease in the
use of resources and a reduction in environmental impacts,
making practice sustainable and agricultural more
productive by adopting such automated systems made
feasible by IoT technologies. Table 3 references specific
aspects related to study of smart agriculture monitoring
systems based on IoT. Adapt the descriptions according to
the specific characteristics and observations associated
with traditional farming practices and IoT-based smart
agriculture systems [20].
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TABLE IIL COMPARISON TABLE FOR AN IN-DEPTH

ANALYSIS OF IOT-BASED SMART AGRICULTURE
MONITORING SYSTEMS

Feature Traditional Farming IoT-based Smart
Agriculture
Data Manual observations, Automated , Sensor
. L. networks, real-time data
Collection periodic measurements

collection

Accuracy and = Limited accuracy, ~High accuracy, real-
Timeliness delayed feedback time feedback

Manual resource = Automated  resource
Resource L .

management, optimization,  precise
Management .

suboptimal usage management

Limited  monitoring . Lo
Crop o Continuous monitoring,

L capabilities, prone to . .

Monitoring carly detection of issues

errors

- Limited decision = Data-driven  decision
Decision . L.
Support support, reliance on = support, predictive
pp experience analytics

Manual irrigation | Smart irrigation
Water . o

scheduling, water = systems, optimized
Management

wastage water usage

Reactive pest | Proactive pest
Pest Control management, reliance = monitoring,  targeted

on pesticides interventions

. High  environmental = Reduced environmental
Environmental . . .
Impact footprmt, resource = 1mpact, sustainable

P wastage practices
Cost- High operational costs, = Lower operational
effectiveness limited ROI costs, improved ROI

The limitation of the above researchers could be that there
is definitely going to be overdependence on the technology
and data-driven solution, which might tolerate overlooking the
importance of traditional knowledge about a farmer's
agriculture use. Not withstanding the fact that IoT
technologies offer valuable insights and automation
capabilities, they should be used to complement rather than
replace the experiential wisdom and intuition of farmers. Such
overreliance on these technological answers could further
alienate farmers from their natural surroundings and thus be a
cause of an unbundling holistic understanding of agricultural
ecosystems and local contexts. In addition to this, dependence
upon complex technological infrastructures could even further
present obstacles to small-scale farmers who need more
resources or technological literacy to deal with them correctly,
thus fostering inequalities within the agricultural sector. This
means that embracing [oT technologies needs to be balanced
with conserving established wisdom in farming in order to
realise and support what is referred to as sustainable and fair
agricultural development.

IV. RESULTS AND DISCUSSION

A. Interpretation of Results

First and foremost, Mean Absolute Error (MAE) would
contribute much to demonstrating the precision and reliability
of the ToT-based soil moisture-monitoring system. As such,
the lower the value of MAE obtained from comparing sensor
measurements against ground truth data, the closer that value
of sensor measurement will be towards the real ones—thus
indicating that the IoT system is very accurate and reliable.
The findings suggest that ToT technologies are going to
revolutionize agriculture. These technologies will allow a
farmer to have real-time data that is accurate and reliable for
some of the key environmental parameters like soil moisture
levels. More precise information could provide farmers with
timely decisions about irrigation scheduling, nutrient
management, and pest control, therefore enhancing crop

yields and the resource-use efficiency that leads to
sustainability.
B. Comparison with Non-IoT Farming:

On the contrary, with results for IoT-based farming over
non-IoT, some of the benefits and drawbacks of adopting IoT
technologies in agriculture can be outlined:

a) Benefits of loT-based Farming:

e Preciseness and Efficiency: loT-based systems allow
exact monitoring and dispensation of resources, which
could easily optimize resource use and improve crop
productivity.

e Real-Time Decision Making: 10T technologies enable
farmers to make informed decisions at the right time, as
they are supplied with real-time data and insights that
help improve outcomes and reduce risks.

o Sustainability: ToT-based farming practices guarantee
sustainability through reduced resource wastage,
reduced environmental impact, and protection of the
health of one's ecosystem.

b) Drawbacks of Non-IoT Farming:

e Limited data availability: Conventional farming relies
on visual observation and intermittent measurements,
which may need to be able to represent absolute
conditions or be available in real-time.

o [Inefficient Management of Resources: Without access to
real-time information and knowledge, it becomes very
difficult for farmers to work out resource usage to the
best potential, resulting in inefficiency and less than
desired results.

e Higher Risk of Crop Loss: In the absence of real-time
information and proactive management strategies, crop
loss risks may increase on account of water stress,
nutrient deficiencies, and pest infestations.

C. Graphs of Yield Improvements over Time

Fig. 4: Graph of crop yields developing over three years,
proving how crop yields have increased within the three-year
bracket to give out proof of the efficiency of the agricultural
practice perfected over time.

Yield Improvements Gver Time

1o

100

Crop Yield (tons pes hectareh

60

g i & & & $ o & &
& & & & & & o & &
Time
Fig. 4. Yield Improvements over Time

D. Cost Analysis Tables

Fig. 5 shows the Bar chart of costs linked to IoT
technologies in agriculture. This enables the comparability
between the expenses related to the different elements
involved in its implementation. Use the change of values
according to case study for a cost analysis.
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Fig. 5. Cost Analysis Tables

E. Diagrams of Sensor Networks and Data Flow

Sensor Network Diagram

[ | e S @-=--ororrimomre e { | it D
Node 1 Node 2 Node 3 Node 4
Sensor Nodes
Data Flow Diagram
- - L e En
sSensors Gateway Cloud Farm Management Ssystem
Data Flow Compaonents
(b)
Fig. 6. (a) Sensor Networks and (b) Data Flow

Fig. 6 illustrates the flow of data from sensors to a farm
management system via a gateway and cloud technologies.
One can easily further customize these diagrams based on a
specific sensor network layout and data flow architecture.
Diagramming tools are used to create more complex and
detailed diagrams. Influencing factors in agricultural
environments include a number of environmental variables
such as weather conditions, terrain, and soil types. This
requires smart farming systems to be rugged and adaptive in
these differing conditions to yield accurate and reliable data
and insight. Bringing up scalability issues and scaling up
smart farming solutions from small pilot projects into entire
large agricultural operations can prove difficult.

V. CONCLUSION
This research's evaluation of data accuracy and reliability
fully shows that IoT technologies have the potential to

transform agriculture. The precision and reliability of the data
that IoT-based systems gather provide farmers with very
valuable insight into decision-making, therefore potentially
revolutionizing farming practices. With IoT, farmers are
empowered by valuable insights for informed decision-
making that may really change traditional practices in
farming. An opportunity exists to embrace loT-driven
innovation into smart agriculture, embracing massive resource
management and enhancing crop yields and sustainability. If
further research focuses on scalability, interoperability, and
improved algorithms, the IoT has a very strong potential for
the future of farming. It will be productive and profitable with
minimal effects on the environment amidst changing
agricultural challenges. The role of IoT technologies in
agriculture cannot, therefore, be underrated.

Real-time, accurate, reliable data are suggestive that [oT
systems can be utilized to provide actionable intelligence to
these farmers for optimizing resource management,
augmenting productivity, and promoting sustainability. The
potential uses for IoT technologies remain optimistic and
multifarious in the future of agriculture. One of these themes
is scalability, which can be oriented towards making IoT
solutions accessible to all farmers, including smallholder
farmers in developing regions.
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