Volume: 09 Issue: 11 | Nov - 2025

International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.586 ISSN: 2582-3930

Smart Agriculture System Using IoT and Data Analytics

Mahesh Lavand', Arati Mahamune?, Shraddha Malpe® Asst. Prof. Nitesh Kudmethe*

L23Student MCA, *Asst. Prof, MCA Dept.
1234 7eal Institute of Business Administration, Computer Application & Research, Pune-41

sksksk

Abstract - Agriculture is rapidly evolving through the
integration of modern technologies such as the Internet of
Things (IoT) and data analytics. Smart agriculture,
supported by IoT, aims to improve productivity, efficiency,
and sustainability in farming by enabling real-time
monitoring and automated decision-making. This research
paper presents a literature review on loT-based smart
agriculture systems, focusing on how connected devices
and data-driven insights can transform traditional farming
practices. Various studies highlight the use of sensors like
soil moisture, temperature, humidity, and rainfall detectors
that collect environmental data for precise crop
management. These sensors, when connected through
wireless networks and supported by cloud or edge
computing, allow farmers to monitor and control
agricultural operations remotely. The reviewed literature
also discusses the integration of IoT with artificial
intelligence, big data, and mobile applications, which
together create intelligent decision-support systems for
farmers. Despite these advancements, challenges such as
data security, cost of implementation, and lack of
standardization still exist. This paper concludes that loT
and data analytics hold significant potential for building
smarter and more sustainable agricultural systems, paving
the way for improved crop yield, efficient resource
utilization, and better decision-making in the agricultural
sector.
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1. INTRODUCTION

Agriculture has long been the foundation of human
survival, providing food security and supporting economic
development worldwide. However, increasing population
growth, climate uncertainty, and resource scarcity have
made traditional farming practices insufficient to meet
present and future demands. These global challenges have
accelerated the adoption of modern technologies in
agriculture, giving rise to Smart Farming a technology-
driven approach that integrates the Internet of Things (IoT),
data analytics, automation, and robotics to improve
productivity, sustainability, and efficiency.

The concept of smart farming, as illustrated in Figure,
emphasizes the integration of multiple advanced
technologies such as drones, autonomous tractors, robotic
sprayers, soil sensors, and Al-based decision-support
systems. These systems work collaboratively to automate
data collection, crop monitoring, irrigation, and harvesting

operations. For instance, drones equipped with
multispectral cameras can assess crop health and detect pest
infestations early, while ground robots can perform site-
specific actions such as targeted fertilization or precision
weeding. This synergy between hardware and data-driven
intelligence represents the next stage of agricultural
transformation.

Sustainability remains a core objective of smart farming.
The integration of IoT sensors allows continuous
monitoring of soil moisture, temperature, humidity, and
nutrient content, providing real-time insights that guide
efficient irrigation and resource management. Automation
technologies further enhance sustainability by minimizing
manual labor, reducing water and chemical wastage, and
ensuring timely field operations even under changing
weather conditions. This transition from conventional to
automated agriculture not only boosts productivity but also
reduces environmental impact, contributing to long-term
ecological balance.
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Fig-1: Smart Agriculture System Using loT and Data
Analytics

In developing economies such as India, agriculture
continues to be a major contributor to GDP and a key
livelihood source for rural populations. However,
challenges like unpredictable rainfall, land fragmentation,
and limited technological access persist. Deploying loT-
based automation systems and data analytics platforms can
bridge these gaps by enabling farmers to make data-backed
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decisions, remotely manage field conditions, and optimize
input use. According to recent studies, the adoption of
automation and robotics in agriculture can increase overall
yield efficiency by up to 30%, while reducing input costs by
nearly 20%.

Data analytics plays a central role in this ecosystem by
converting large volumes of sensor and machine data into
actionable insights. Predictive analytics, artificial
intelligence (Al), and machine learning algorithms are
increasingly being used to forecast weather patterns,
identify disease outbreaks, and estimate crop yields. When
combined with automated field devices and robotics, these
technologies create a closed-loop decision-making system
where real-time data drives immediate, intelligent action.

Globally, governments, research institutions, and private
industries are investing heavily in smart agriculture
initiatives. From cloud-based farm management systems to
autonomous drones and robotic harvesters, the fusion of IoT
and automation is revolutionizing the agricultural sector.
Yet, issues such as high deployment costs, lack of technical
expertise, and cybersecurity threats continue to limit
adoption, particularly in resource-constrained regions.
Continuous innovation, capacity building, and supportive
policy frameworks are essential to overcome these barriers
and ensure a sustainable, technology empowered
agricultural future.

2. PROBLEM STATEMENT:

Statement of the Problem: The lack of real-time, data-
driven monitoring in traditional agriculture leads to
inefficient decision-making, resource wastage, lower crop
productivity, and reduced sustainability in the face of
growing environmental and economic challenges.

Explanation of Problem Statement:

Agriculture, particularly in developing nations, is still
heavily dependent on manual observation and farmers
experience, which often results in inaccurate assessment of
soil conditions, crop requirements, and weather patterns.
With increasing challenges such as unpredictable climate,
water scarcity, pest infestations, and degrading soil health,
traditional methods are no longer adequate to meet rising
food production demands. Farmers frequently lack timely
and precise information regarding key field parameters like
soil moisture, temperature, humidity, and nutrient levels,
leading to over-irrigation, excessive use of fertilizers, land
degradation, and higher production costs. To address these
issues and improve productivity, efficiency, and
environmental sustainability, there is a need to integrate
modern technologies such as IoT and data analytics, which
can provide continuous monitoring, automated decision
support, and optimized use of agricultural resources.

3. LITERATURE REVIEW

IoT in Agriculture:

The advent of the Internet of Things (IoT) has opened new
frontiers in agriculture by enabling real-time data capture,
remote monitoring, and automated responses. In smart
farming, IoT sensor networks allow measurements of soil
moisture, temperature, humidity, nutrient levels and
weather conditions, and these devices communicate via
wireless links to provide actionable insights. For example, a
recent review notes that loT-enabled smart sensors are
increasingly used for key physical variables affecting crop
growth, and trap/camera-based automated sensors support
pest detection as well.

The architecture typically involves three layers: a
sensor/actuator layer, a communication/network layer, and
an application/processing layer. Studies show that
deploying IoT in agriculture has improved resource-
utilisation (water, fertiliser), reduced labour demands, and
enhanced sustainability. However, these systems also
encounter challenges such as connectivity in remote farms,
interoperability of devices, cost of sensor deployment, and
farmer training. For instance, one survey identifies high
initial investment and lack of standardisation as key
barriers.

Data Analytics, Machine Learning and Smart Farming:
While IoT provides the data, it is the application of data
analytics and machine learning (ML) techniques that
converts raw information into insight and decision support.
Predictive modelling, classification algorithms, and big
data techniques are applied to foresee disease outbreaks,
estimate yield, determine irrigation schedules, and optimise
input usage. A review focused on Al and ML in agriculture
reports that although many works concentrate on crop
disease/pest detection, plant species recognition, and
supply-chain security, there remains a need for robust
models in real-world farming contexts. Another study on
precision agriculture highlights that smart sensors and data
analytics help optimise water, nutrient and energy
management.

The literature thus underlines a shift from reactive
responses (based on human observation) to proactive
decision-making (driven by analytics). Yet many studies
caution that data quality, model generalisability and
integration into farmer workflows are still weak points.

Integration of IoT with Cloud/Edge Computing and
Mobile Platforms:

The convergence of IoT with cloud and edge computing
infrastructure has enhanced the capability of smart
agriculture systems. Data collected by field sensors can be
transmitted to cloud servers (or processed at the edge for
lower latency) for storage, analysis and dashboarding. For
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example, one systematic review of [oT in agriculture
identifies the evolution of data processing in recent years
moving from simple reactive systems to more integrated
platforms leveraging network communications, cloud
services, and scalable hardware.

Moreover, mobile and web applications have been
developed to present visualisations, alerts and controls for
farmers. These interfaces improve accessibility of data and
make timely decision support possible, even from remote
locations. However, latency, network instability in remote
areas and device heterogeneity remain practical challenges.

Sustainability, Resource Optimization and Application
in Developing Regions:

Smart agriculture is not only about increasing yield but also
about improving sustainability managing water resources,
reducing fertilizer waste, curbing labour dependency, and
improving soil health. Reviews emphasise that [oT and
analytics systems show promise in resource-efficient
farming, but the scale and reach of such systems are still
limited, especially in developing regions. For instance,
there is a paper focusing on resource-constrained
environments that points out the “hard” elements (sensors,
network communications, data management) and “soft”
elements (policy, training, ecosystem) that must be aligned
for successful adoption. Additionally, privacy and data
security are increasingly recognised as important. With
large volumes of sensor data generated, the management,
storage and sharing of that data raise concerns. One review
specifically on big-data privacy in smart farming discusses
how the data lifecycle (collection, transfer, storage,
analytics) introduces privacy threats, and that insufficient
attention has been paid to these aspects in earlier literature.

Challenges and Research Gaps:

From the literature, several recurring challenges and
research gaps emerge:

Cost and accessibility: Many IoT systems remain high
cost, and smallholder farmers may struggle to adopt them.

Connectivity and infrastructure: Remote areas often lack
reliable power and network connectivity, hampering sensor
deployment and data transfer.

Interoperability and standards: Devices from different
manufacturers, heterogeneous data formats and lack of
standard protocols make integration complex.

Data quality and analytics robustness: Sensor data may
be noisy; models may not generalise to different crops or
regions. Real-world validation is limited.

Farmer engagement and usability: Technologies need to
be usable by non-technical farmers; training and extension
services are often lacking.

Privacy/security: Many studies identify data ownership,
security and privacy of farm-generated data as
insufficiently explored.

Region-specific constraints: Particularly in developing
countries, the socio-economic, infrastructural and
regulatory contexts differ many reviews note that

frameworks tailored for resource-constrained

environments are sparse.

Summary and Link to Current Study:

In summary, the literature underscores the potential of
combining loT, data analytics and cloud/edge computing to
transform agriculture, but also highlights significant gaps
in cost-effective deployment, connectivity, data analytics
quality, interoperability and farmer adoption. The review
thus supports the motivation for the present study:
designing and implementing a smart agriculture system that
is data-driven, cost-sensitive and accessible for practical
farming environments. Specifically, by focusing on real-
time sensor monitoring (soil moisture, temperature,
humidity, light) and using data analytics for irrigation and
fertiliser optimisation, this research seeks to address the
gap of integrated IoT and analytics solutions that are
oriented toward resource-efficient, sustainable, and
accessible farming.

4. METHODOLOGY

The methodology for the proposed smart agriculture
system follows a layered architecture that integrates
sensors, communication, data processing, and decision-
support modules. As illustrated in the system architecture
diagram, the process flows from sensing & monitoring,
through communication protocols, to big data analysis and
actionable physical implementations.

Smart Agriculture System Using loT
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Fig-2: Smart Agriculture System Using loT

System Design:

The system design encompasses both hardware and
software components. Four major stages form the
backbone: data collection at the field level, data
transmission across wireless networks, data processing and
analytics in server or edge environments, and finally
presentation of insights for farmer action.
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Data Collection:

Field-deployed sensors measure key environmental and
soil parameters such as soil moisture, temperature,
humidity, light intensity and gas concentrations. Each
sensor continuously samples its target metric and forwards
the data to the embedded gateway. The sensor layer is
responsible for capturing the physical state of the farmland
in real-time, providing the raw input for the system.

Data Transmission:

Captured sensor data is transmitted from the local gateway
(e.g., microcontroller or edge node) through wireless
communication technologies such as Wi-Fi, LoRa, ZigBee
or GSM/4G. This communication layer ensures reliable
transfer of data from possibly remote farm locations to the
processing infrastructure. As shown in the architecture
diagram, careful selection of communication protocol
influences latency, coverage, and power consumption.

Data Processing and Analysis:

Once the data reaches the processing backbone (cloud or
edge server), it is cleaned, filtered, and aggregated.
Analytics algorithms monitor trends such as soil moisture
drop or temperature change and use predictive modelling
to trigger irrigation or other interventions. The big-data
analysis layer integrates historical, real-time and spatial
data to generate insights for precision farming.

Data Visualization:

Results of the analytics are presented on dashboard
interfaces and mobile applications. Farmers can view live
sensor readings in graphical and tabular form, receive alerts
(e.g., “soil moisture critical”’), and monitor field conditions
remotely. This presentation layer bridges the technology
and the user.

Decision Support:

Based on the processed insights, the system recommends
actions such as when to irrigate, fertilize or perform pest
control. The decision-support component enables resource-
efficient practices, reduces manual labour and enhances
crop yield and sustainability.

Expected Outcomes:

By leveraging this architecture, the system aims to deliver
qualitative and quantitative benefits: real-time monitoring
of soil and weather conditions, reduced labour and
guesswork, optimised use of water and fertilizers,
improved crop productivity and overall sustainable
production.

5. DATA COLLECTION

In modern smart agriculture systems, the foundation lies
in the continuous acquisition of reliable data from the field
through IoT-enabled devices. As illustrated in the diagram,
anetwork of sensors is deployed across the farm measuring
parameters such as soil moisture, soil temperature, air
humidity, light intensity, and atmospheric temperature.

These sensors form the “perception” layer of the
architecture, collecting environment and crop-condition
data in real time.

Each type of sensor plays a distinct role: for example, a
soil-moisture sensor assesses the volumetric water content
of the soil, helping determine when and how much to
irrigate; temperature and humidity sensors monitor ambient
conditions that influence crop growth and plant stress; light
sensors monitor photosynthetically active radiation and
help assess whether plants are receiving optimum sunlight.
Together, the sensor data present a holistic view of field
conditions, enabling informed decisions rather than
subjective guesswork.

Once collected, the raw signals from sensors feed into a
microcontroller (for instance, an Arduino or NodeMCU)
which acts as the central device in the local gateway. This
microcontroller digitises the sensor outputs, preprocesses
the data (filtering, calibration, basic aggregation) and
transfers it upward to the communication layer. The
diagram shows that this layer uses technologies like Wi-Fi,
LoRa, or GSM/LTE for data transmission allowing even
remote sections of a farm to transmit data reliably. In areas
where connectivity is unreliable, local storage or edge
devices buffer the data until communication is restored.
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Fig-2: [oT in Agriculture (Applications and Sensors)

This layered approach from sensors through
transmission ensures farmers receive timely updates about
field-state changes and enables downstream analytics and
decision-support systems (as depicted in the diagram’s
application layer). By moving from manual, periodic
checks to automated, continuous monitoring, the system
enhances resource efficiency (water, fertilizers, energy),
reduces human error, and promotes sustainable and data-
driven farming practices.

6. CONCLUSIONS

[oT coupled with data analytics lays the ground for
traditional farming to turn into an intelligent, automated
system. [oT sensors enable farmers to monitor soil and
environmental conditions in real time, thus allowing
quicker and more accurate decisions without relying only
on manual checks or guesswork. When this sensor data is
adequately analyzed, it provides valuable information that
will further assist in planning irrigation, applying fertilizers

at the right time, and managing crop growth more
effectively.

This article details how the layered system-from sensors
and communication to data processing and decision-
making-enhances productivity and resource-use efficiency
in agriculture. Such systems help reduce water use, avoid
superfluous fertilizer application, and lower manual labor;
all of these together support more sustainable farming
practices and long-term food security.

While some of the challenges facing loT-based smart
farming include cost, network issues, lack of
standardization, and awareness among farmers, findings
from this study portend a bright future of loT-based smart
farming, particularly in developing countries. As a matter
of fact, with continued technological improvements and as
more affordable solutions become increasingly available,
accompanied by proper training for farmers, smart
agriculture can achieve better crop yields and improved
sustainability for a stronger agricultural sector in the years
to come.
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