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ABSTRACT
The combination of Artificial Intelligence (Al) and
the Internet of Things (lIoT) — AloT — is
changing the way agriculture is done through
data-driven decisions. AloT-based examples in
smart precision farming, livestock tracking,
greenhouse automation and supply chain
traceability are presented in this study, which
results in improved resource efficiency, crop yields
and food safety. The key technologies involved are
IoT sensors and drones, machine learning
algorithms, and predictive analytics that are used
to reduce water, fertiliser, and pesticide and allow
early detection of pests and diseases. However,
because of its potential hurdles, such as high
implementation cost, data security risk and the
technical literacy of the farmers. Finally, the
research is advocative towards the use of cost-
effective AloT solutions, robust cybersecurity
frameworks and user-friendly interfaces for
accelerated sustainable farming. The key for the
next generation of agriculture is the integration of
blockchain, autonomous farming systems and
climate-resilient Al models.
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I.INTRODUCTION
Technological improvements like Al and IoT have

paved the way for the modern form of farming, also
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known as smart agriculture, that deals with
important issues like famine, inept resources and
climate alteration. This Artificial Intelligence of
Things, Spry, loT devices, drones and artificial
intelligence welcomes its application in agriculture
for real-time, predictive analysis and decision-
making. They are used for precise watering,
determination of crop health, animal and livestock
management and supply chain management, hence
increasing productivity in an environmentally
friendly manner. However, there are some
challenges that AloT has in terms of technology and
economics, such as high implementation cost,
insecurity of data, and others that would require the
development of infrastructure. This paper aims to
present an updated aspect and prospects of AloT
applications, issues, and trends toward the
advancement of agriculture, with a focus on machine
learning, edge computing, and blockchain. Through
cross-study and assessments of  real-world
application and technology advancements, this
paper seeks to offer guidelines for AloT solution
construction suitable for various forms of farming

environments.

Il. LITERATURE SURVEY
The current years have seen a growing development
in the combination of Al in loT for agricultural
sectors that is known as AloT. Literature from 2018
to 2024 shows how these technologies are affecting
the traditional farming methods by a use of data in

farming.
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Advancements in 10T sensor networks have played
an important role in monitoring the field in a real-
time manner in precision agriculture. [1] and [2]
suggest that utilisation of moisture sensors in
conjunction with artificial intelligence irrigation
controllers can lead to a reduced water usage range
of 30%-45% without having a negative effect on the
yields. Modern equipment now utilises multi-variety
sensors that analyse the acidity of the soil, the levels
of nutrients and other climate conditions that are
beneficial for the plant, where the machine learning
is applied for resource distribution [3]. Technology
has further developed, especially for drones to
monitor plant stress indicators where most
conventional signs are not distinguishable [4]. [5]
provides a description of how convolutional neural
networks can detect a disease through analysing
aerial imagery with more than 90% accuracy.

As it pertains to livestock monitoring, AloT
integration has also been adopted. Advanced and
compact wearable devices holding accelerometers
and biosensors allow recording the health state of
animals in real time [6]. According to [7], these
systems can predict the diseases seventy-two hours
before clinical signs of the diseases appear, thereby
reducing the mortality rates. Consequently, the
recent work of [8] has proposed methods to detect
the oestrus cycle of dairy cattle through modelling
of behaviour patterns with the accuracy of 94%.
Greenhouse automation is the other major
application area known as horticultural automation.
The current advanced AloT systems link rows of
environmental sensors with the control elements for

enhancing standard growing conditions [9]. As it is
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shown in the work [10], the performance of global
climate can be controlled through reinforcement
learning algorithms, and it can be up to 25%
effective compared to a standard greenhouse control
system. Other advancements are computer vision
systems for growth monitoring and multi-robot
systems for the harvesting process [11].

However, several technical challenges remain.
According to [12], this is the principal challenge to
the growth of the 1oT market where disparities in
interoperability of different 10T platforms are most
apparent. Energy efficiency of edge devices remains
an issue, with [13] suggesting new architectures to
enhance it. Another set of issues is connected with
data security; thus, [14] are searching for the optimal
ways to use blockchain in order to provide safe data
sharing on agriculture.

These technologies present more potential for
growth in future technology advancement. Edge Al
solutions introduced to decision-making systems are
minimising latency [15], whereas the application of
digital twin technology is contributing to precise
forecasting [16]. Another positive impact of
introducing 5G networks is that it is deemed to
improve the real-time surveillance in large

production units in agriculture [17].

. PROPOSED SYSTEM
This has resulted in the current system of
agriculture, where most practices include manual
control and conventional farming, which consumes
a lot of resources and time. Traditional methods

include:
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TRADITIONAL
FARMING SYSTEM

I

|

MANUAL FIXED UNIFORM REACTIVE
MONITORING IRRIGATION FERTILIZATION LIVESTOCK
CARE
DELAYED WATER SOIL HIGHER
ACTIONS WASTE DEGRADATION MORTALITY

Fig 1: Traditional Farming System

This is done through what the farmer sees when
monitoring crops for pests/diseases, thereby arriving
at the field at a later date [1].Fixed-Schedule
Irrigation: Here the water is sprinkled according to
the preset time, not considering the actual
requirements of the soil [2]. Broadcast Fertilisation:
This is a way where fertilisers are applied evenly to
the field and without doing soil tests. [3].Conducted
Health Checks: The health checks the Ministry of
Veterinary involves are not preventive but rather
detective [4].

Limitations:

High labour dependency and human error [5].
Resource wastage (water, fertilisers, pesticides) [6].

Lack of real-time data for decision-making [7].

IV.OBJECTIVES
Technical Objectives
System Design & Optimization
Design low cost, energy efficient 10T sensors for
wireless field monitoring [1][2]
Develop efficient disease diagnostic tools and
enhance the accuracy to be greater than 90%[91].
Combine the drone-based multispectral imaging with

artificial intelligence for optimal resource application

[4]
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Automation & Control

Develop self-sufficient irrigation systems based on
soil moisture and weather information integration [5]
Implement  Al-driven microclimate control in
greenhouses (temperature/humidity/COz) [6]

That is why it is essential to design and create novel
wearable devices for detecting early signs of diseases
in cattle with integrated anomaly detection systems

[7]1.

Data Security & Interoperability

Thus, it is essential to develop efficient blockchain-
based frameworks for secure data sharing in farms.
(8]

From this ensure that loT device

paper,
communication protocols common within hybrid
farm ecosystems adoption are standardized [9].
Performance Validation

To determine the yield improvement metrics over
conventional methods the following should be done:
Conduct field trials that compare the new techniques
in improving yield by a target of 25% at least [10].
Benchmark energy consumption of edge Al devices

in rural deployments [11]
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V. PROPOSED SYSTEM

FIELD SENSORS

(Collect soil moisture,
temp, humidity)

l

EDGE GATEWAY

(Data preprocessing +
LoRaWAN transmissioion)

l

ML MODEL —

CLOUD SERVER
Predicts

irrigation/

fertilizer needs

DRONE _,Triggers aerial
CONTROL imaging

l

FARMER DASHBOARD
Real-time alerts (SMS/app)
Automated actuator control

(valves, dispensers)

Fig 2: Proposed
This involves use of 10T sensors especially in the
soil and the climate, drones and automation through
Al analytics for operation of farm. Irrigation and

Table 1: Technical Specification

System
fertilization are sensed in the field through sensors
in real-time transmits to the cloud through

LoRaWAN and a machine learning

Comparative Table 1: Technical Specifications

P t System 1 System 2
Atampler (Precision Ag-Tech) | (Inclusive Smailholder
Core loT + Edge Al Shared loT +
Technology + Autonomous Offline Al -Human-in-
Actuators the-Loop
Data LoRaWAN/5G Hybrid
Transmission (Real-time) (Offline-Sync + 2G/G)
Al ~ CNN for crop - Voice-based NLP
Components imaging - Pictorial disease ID
- LSTM for yyield
prediction
Hardware Cost $10,000 +/farm Battery-operated
+ Manual recharge
Energy Source Solar-powered 75-85% (Balanced
edge nodes with human judgment)
Key References (1121 [4151(6]

model is used to determine the need for irrigation
and fertilization. Those with multispectral cameras
are used for surveillance on crop health and resource
application has been made possible by actuators
such as smart valves and dispenser. New important
technologies are edge-Al for making fast decisions

and blockchain for proper logging of the process.
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Intended to promote the agricultural production of
colossal farms, this system increases yield by 25%
while reducing the use of water and Nitrogen-based
fertilizer by 30% hence contributing to SDGs 2 (end
hunger) and 12 (responsible consumption) through
the utilization of technology [1][2][3].
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VI.RESULT

Accuracy of Al Models in Agricultural Tasks

5%

g

3]
Tield Prediction
Tasks

Disease Detection

frrigation Control

Fig 3: Al Model Accuracy
Manual control of the changes in the environment
was done with the help of closed-loop industrial

AloT systems, which yielded an accuracy of over

90% in controlling the environment with tasks such
as irrigation [1][2]; while implementing predictive
analytics the system was slightly less accurate

because of the changes in weather conditions.

Resource Optimization
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Fig 4: Resource Optimization

Mar Apr May Sep

Real-time soil moisture monitoring reduced water waste by 3.5x compared to traditional methods [3].

Energy Efficiency
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Mode Uptima Comparison: Solar-powerad vs Battery-only

Battery-only Nodes

Solarpowered Nodes

Fig 5: Energy Efficiency
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VIL.

Energy-autonomous designs are critical for rural

deployments [4].

CONCLUSION AND FUTURE SCOPE
This is a testimony to the fact that AloT has made a
lot of progress in efficiency-based smart agriculture
in terms of precision farming, with a disease
detection rate of more than 90% and water usage cut
by 35% through the auto system. This can be
achieved by the following: the application of edge
Al, 10T sensors, and data pipelines secured through
blockchain increases the productivity of the farm as
well  as

reducing wastage of resources.

Nevertheless, such factors as high energy
consumption and compatibility problems between
devices are some of the hurdles that still prevail to
this day. For future work, expansion will be made
on self-powered sensor solutions as well as
employing more profound artificial intelligence
models such as transformers in crop analysis and
implementing multiple swarmed drones on the 5G
network. These innovations will go further in
establishing the applicability of AloT adopted for
sustainable and highly efficient agricultural

practice.
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