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ABSTRACT: India, an agricultural nation, confronts severe food scarcity amidst rapid population growth
and labour migration from rural agriculture to more profitable jobs. This paper explores advanced
agricultural technologies as a solution, highlighting smart farming tools such as sensors, drones, robots,
IoT, UAVs, GPS and GIS. These innovations facilitate real-time monitoring of crops, soil and the
environment. They enhance the efficiency through aerial surveys and Al-powered robeotics for precision
planting, automated data exchange and farm management. GPS and GIS contribute to accurate land
mapping and informed crop planning. Although these technologies offer the potential for increased
productivity and sustainable practices, their field implementation poses significant challenges. The paper

reviews these obstacles and suggests solutions.
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INTRODUCTION

Agriculture plays a key role in India, where it occupies
52.3% of arable land, contributes 18.3% to GDP and
accounts for nearly 40% of the rural Net Domestic
Product (Arth NITI, 2020). It supports the livelihoods
of two-thirds of its rural population and plays a vital
role in feeding the majority of the population
(Anilkumar et al., 2017). Despite a record production of
316 million metric tons in 2021-22, the agricultural
sector in India confronts challenges like rising
population, resource competition and the need for
improved food quality. Besides its struggle with high
costs, low productivity and climate issues, agriculture
in India also faces a scarcity of farming labor and land.
Acknowledging the necessity for modernization and
embracing new technologies is crucial for boosting
food production per unit of arable land (Matson et al.,
1997).

In response to these challenges, the concept of smart
farming has emerged as a revolutionary approach,
aiming to overcome the limitations of conventional
farming and unlock the full potential of the Indian
agricultural sector. Smart farming, defined as the
integration of modern technologies and advanced
techniques to optimize farming operations, resource
utilization and overall efficiency (Balafoutis er al.,
2017).

The smart farming approach has the potential to
improve work safety, enhance consumer acceptance
and transform the operations and management of farms
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(Kamilaris et al., 2017). By using spatially varying
techniques, smart farming can adapt to different
conditions, providing precise and resource-efficient
solutions for increased agricultural production and
sustainability (Jayne et al., 2019). Smart farming
employs a range of technologies, including sensors,
drones, artificial intelligence and the Internet of Things
(IoT), to collect real-time data and provide insights into
crop health, soil quality and other key indicators
(Sharma et al., 2022). Smart farming integrates
advanced technologies like IoT, robotics and
automation seamlessly into traditional farming practices
(Morchid et al., 2024). According to Vishnoi (2019)
now a days, automation implementation is viewed as
more of a necessity rather than a core-competence.

1. Sensor Technology. A sensor is an electrotechnical
device that measures environmental physical quantities
and converts data into electrical signals readable by
instruments (Pivoto et al., 2018). Sensors used in
agriculture provide data for farmers to monitor and
optimize crops in varying conditions. Research suggest
that sensors will be implemented in approximately 525
million global farms by 2050 (Triantafyllou et al.,
2019). The choice of the sensor depends on the change
to be detected, with applications in weather stations,
harvesters, weeders, drones and robots. Sensor readings
encompass temperature, humidity, light, pressure, noise
levels, mechanical stress, soil patterns, air flow,
location, CO,, water stress and more (Rajak et al.,
2023; Chaudhary et al., 2023). Sensors use
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photoelectricity, electromagnetics, conductivity and
ultrasound to estimate soil properties, nutrient levels,
vegetation, humidity, vapor, air and temperature.
Sensor Characteristics. Prominent sensor features
include accuracy, reliability, precision, sensitivity,
memory, portability, durability, coverage and
computational efficiency (Farooq et al., 2020). Sensors
are of different types like analog and digital, scalar and
vector, and static and dynamic. Static characteristics
include accuracy, range, resolution, precision,
sensitivity, linearity, drift and repeatability. Dynamic
characteristics are of Zero-Order, First-Order and
Second-Order Systems characteristics (Dhanaraju et al.,
2022). Sensors find application in various areas based
on their types.

Utilizing Sensor Technology in Agricultural
Practises. E —sensing. E-sensing involves replicating
human senses through sensor arrays and pattern
recognition (Patel et al., 2020). An electronic tongue
was utilized to discern taste differences in grafted and
non-grafted watermelon fruits. Alpha Astree II
electronic tongue was used for the measurement of
watermelon juices (Fraden, 2016). Metal-oxide gas
sensors were employed for early detection of potato
storage disease (Rutolo ez al., 2016).

2. Geographic Information System. GIS can be used
for mapping potential growth areas (Rutolo er al.,
2016), soil analysis and improve farm record keeping
(Mennecke and Crossland 1996), to provide
information on field soil types, nutrient status,
topography, irrigation, drainage, chemical applications
and crop production (Dorji et al., 2017), precision
farming, digital mapping, crop health analysis, agro-
climatic conditions, yield estimation, site suitability
analysis for crop production (Fekete et al., 2018) etc. It
is also used for the analysis of potential soil degradation
on agricultural land (Herdiansyah et al., 2024). Hence,
a Geographic Information System (GIS) is a computer-
assisted information system that collects, integrates,
manages, analyzes and displays spatially referenced
data (Gill et al., 2023). Commercial GIS software
includes ArcGIS, Maplnfo, GeoMedia and ArcView,
while open-source options are QGIS and Grass GIS.

3. Global Positioning System (GPS). GPS records
latitude, longitude and elevation, aiding precise field
input application (Falasca et al., 2014). It is a network
of satellites that accurately pinpoints Earth locations by
measuring distances from the satellites (Ojo and Ilunga
2018). Pieris brassicae were monitored using GPS and
GIS in India, generating georeferenced maps for
damage quantification and cabbage butterfly
forecasting (Fuentes et al., 2018). This approach helps
to contribute to future pest management strategies. GPS
applications in smart farming include equipment auto-
steering, variable-rate seeding, fertilizer and pesticide
application, yield monitoring on harvesters and remote
sensing for field health assessment and management
strategy response data collection. A low-cost Global
Navigation Satellite System Positioning Accuracy
Assessment Method was proposed for agricultural
machinery by Radocaj et al. (2022).
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4. Unmanned Aerial Vehicles (UAV’s)/drones. An
Unmanned Aerial Vehicle (UAV), operating without an
onboard human pilot, significantly enhances
agricultural practices through intelligent aerial
mapping. Equipped with autonomous flight controls
and advanced hyperspectral snapshot cameras, high-
resolution images processed from UAVs are valuable in
the study of plant diseases and can be used to monitor
various aspects of crop health, including leaf thickness,
contaminants, chlorophyll levels and temperature
(Walter et al., 2017). UAVs are capable of calculating
biomass, assessing crop fertilization and distinguishing
plant diseases (Hussain er al., 2018). These UAVs
utilize sensors and microprocessors for operation,
allowing them to assess growth vigor, nutrient status,
presence of pathogens, weeds and drought stress.
Additionally, UAVs equipped with sensors can map
field water, schedule irrigation, detect water shortages
and identify water impurities (Pungavi and
Praveenkumar 2024).

Drones, outfitted with GPS and onboard sensors,
deliver detailed images and data essential for evaluating
crop health across temporal, spatial and spectral
resolutions. These lightweight and cost-effective
devices have revolutionized decision-making and risk
management in agriculture (Walter, 2017; Mohsan et
al., 2022). Agricultural drones, equipped with
multispectral sensors, capture electromagnetic radiation
to calculate indices such as Leaf area index (LAI),
Photochemical reflectance index (PRI) and Normalized
difference vegetation index (NDVI) (Nourmohammadi,
2018). In the realm of vegetable production, they
facilitate monitoring, pest control and precision
agriculture practices (Niu et al., 2019). Furthermore,
drones play a critical role in collecting thermal and
multispectral data, vital for irrigation decisions in crops
like onions and potatoes (Oksana et al., 2021).
According to Soman et al. (2024), the main applications
of drones in agriculture include crop spraying, crop
monitoring, mapping and soil analysis, livestock
monitoring and seed planting. Also, unmanned ground
vehicle (UGV) systems designed for plant protection
can dynamically adjust spray volumes based on
vegetation distribution, utilizing decision-making
processes informed by machine vision algorithms
(Dong et al., 2024).

5. The Unmanned Ground Vehicle (UGV)/Robots.
The wunmanned ground vehicle (UGV) is a
comprehensive intelligent system that integrates
environmental perception, location, navigation, path
planning, decision-making and motion control (Bishop,
2000). The global market for mobile robots is expected
to increase at a compound annual growth rate of over
15% from 2017 to 2025 (Gonzalez-De-Santos et al.,
2020). Amid the growing need for sustainable farming,
the integration of robotics in vegetable production, as
highlighted by Lowenberg-DeBoer et al. (2020), has
emerged as a transformative force. Yuan et al. (2016)
introduced a pollination robot designed for hormone
treatment of tomato flowers in inclined-wire
cultivation.
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6. Variable-Rate Technology (VRT) and Grid Soil
Sampling. In agriculture, grid soil sampling collects
soil data to create parameter maps, which guide
Variable-Rate Technology (VRT) applicators through
GPS-directed changes in input delivery (O’Grady and
O’Hare 2017). VRT utilizes GIS-derived maps to
predict input delivery rates, ensuring precise input
placement at varying amounts to optimize efficiency
and yield (Lowenberg-DeBoer et al., 2020). Variable
rate technology in precision agriculture enables data
collection using diverse technological platforms such as
sensors, global positioning systems, hyperspectral
imaging, drones, satellites and artificial intelligence.
Applications of this technology include variable rate
seeding (VRS), variable rate fertilization (VREF),
variable rate irrigation (VRI) and variable rate crop
protection chemical (VRC) deployment (Angelopoulou
et al., 2019).

7. Internet of Things. The Internet of Things (IoT), is
defined by the International Telecommunications Union
(2020), as a foundational global infrastructure for the
information society, bridging physical and virtual
elements. IoT-based solutions, such as smart fertilizer
management systems, are rapidly being developed and
implemented to advance smart farming practices. One
early implementation includes an IoT-based wireless
imaging platform for monitoring the growth status of
orchids (Kamilaris er al., 2016). Additionally, a
framework for decision-making and event detection
using agri-IoT for medium-to-large farms (Yang et al.,
2018) and IoT-based sensors enable monitoring of
entire farming cycles from seed to sale (Doshi et al.,
2019) has been proposed.

Recently, Morchid et al. (2024) outlined the significant
applications of IoT in agriculture, including irrigation
systems, fertilizer —administration, crop disease
detection, monitoring, forecasting, harvesting, climate
condition monitoring and fire detection. Also, Internet-
based technology now allows for the monitoring of crop
conditions, soil and weather, which can be managed via
smartphones.  According to emerging research by
Jafarpanah and Karshenas (2024), the Internet of
Things (IoT) remains the most critical technological
domain in the agricultural sector.

8. Information Communication Technology (ICT).
Smart Farming aims to transform traditional techniques
into innovative solutions based on Information
Communication Technologies (Foughali et al., 2018).
Information communication technology (ICT) enables
individuals to create, collect, process and manage
information in different ways (voice, text or image).
ICT supports farmers by facilitating access to the
market through real-time data on market prices, weather
forecasting, information on pests, seed varieties and
planting techniques (Moysiadis et al., 2021). ICT
applications include automated farming, early
identification of pests and diseases, crop quality
management, monitoring environmental factors and the
use of machine vision systems for adjustments
(Roztocki et al., 2019). ICT also integrates soil fertility
maps, quasi-real-time crop growth data and weather
data using global navigation satellite systems (GNSS),
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various sensors including machine vision, robotic
technology, artificial intelligence, internet of things and
cloud computers (Madakam et al., 2022).

9. Artificial Intelligence/Machine Learning/Deep
Learning. Artificial intelligence (AI), machine learning
(ML) and deep learning are collections of technologies
that autonomously address challenges and accomplish
objectives without human guidance (Toriyama, 2020).
These technologies have been effectively applied in
agriculture for various purposes. Ashwin Kumar et al.
(2022) proposed an optimal mobile network-based
convolutional neural network model (OMNCNN),
which is useful in detecting and classifying plant leaf
diseases. The rapid advancements in Al are crucial due
to their problem-solving capabilities in these areas
(Sharma et al., 2022). Data-driven technologies built
over Al or ML algorithms can assist farmers with
critical decision-making (Balkrishna et al., 2023),
showcasing the ongoing evolution and utility of these
technologies in modern agriculture.

10. Big Data. The vast amount of data generated in
smart farming from diverse sources requires efficient
management and analysis (Hashem ef al., 2015). Big
data refers to the significant increase in data volume
that traditional database technologies struggle to store,
process and analyze (Capizzi et al., 2016). Big data
analytics tools are capable of processing and analyzing
this data to identify meaningful patterns, trends and
correlations. These insights allow farmers to better
understand crop performance, resource utilization and
environmental conditions, aiding in the optimization of
farming practices, resource conservation, cost reduction
and increased profitability (Madhuri and Indramma
2019). Furthermore, Big Data analytical platforms
accommodate the growing volume, velocity, variety
and veracity of data in agriculture, supporting
significant advancements (Arvanitis et al., 2020). Data
analytics significantly enhances the accuracy and
predictability of smart agricultural systems (Aliar et al.,
2022), providing crucial support to the evolving needs
of modern agriculture.

APPLICATIONS OF SMART
TECHNOLOGIES IN AGRICULTURE

Precision Farming. GPS controllers, sensor
technology and wireless communication are crucial in
precision farming, enhancing the monitoring of soil,
climate and irrigation parameters (Tarun et al., 2020).
IoT-based methods such as CWSI-based irrigation
management have been developed to transform
traditional irrigation practices and improve water
productivity in agriculture (Zhang et al., 2018).
Advanced precision farming systems that integrate
smart irrigation, fertilizer guidance, disease detection
and crop damage forecasting through IoT, machine
learning and deep learning technologies have also been
introduced (Garg et al., 2021). Furthermore, utilizing
machine learning, Reddy et al. (2024) introduced a
system for recommending crops and fertilizers based on
soil classification, aiding farmers in determining the
appropriate ratios of NPK fertilizers.

FARMING
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Greenhouse Farming and Protected Cultivation.
Experiments were conducted to study the IoT-based
environment change monitoring and control in a
greenhouse using WSN (Shinde and Siddiqui 2018).
The greenhouse approach stands out as the most
effective method for achieving the objectives of
protected  cultivation. ~ Greenhouse  cultivation
effectively controls the micro-climate for optimal plant
growth (Sidharth et al., 2023).

Hydroponics. Hydroponics can be defined as the
cultivation in a solution or cultivation using substrates
like sand, gravel, liquid, and any other except soil (Jan
et al., 2020). IoT-based hydroponics in combination
with Deep Neural Network technology (Aires, 2018)
and an JoT-based automated indoor vertical
hydroponics farming system, ensuring autonomous
adjustment and maintenance of critical parameters like
pH, electrical conductivity, temperature and water
level, have shown the feasibility of sensors in
hydroponics (Chowdhury et al., 2020).

Vertical Farming. Vertical farming (VF) offers an
opportunity to keep the plants in a precisely controlled
environment, significantly =~ reducing  resource
consumption and at the same time, increasing
production at varied times (Kalantari et al., 2017). VF
is also extremely effective in higher yields and reducing
water consumption compared to traditional farming.
The carbon dioxide measurement is the most critical
parameter; hence, non dispersive infrared (NDIR) CO,
sensors play a vital part in tracking and controlling the
conditions in vertical farms (Dhanaraju et al., 2022).
Aeroponics. Aeroponics is a novel and efficient soilless
farming technique that combines the aspects of
hydroponics and  vertical farming innovative
agricultural practices (Lucero et al, 2020). An
Arduino-based system utilizing microcontrollers and
electronic devices has been developed to regulate and
monitor temperature, humidity and irrigation in lettuce
cultivation (Calzita et al., 2023). Besides this, Sadek
and Shehata (2024), have designed and implemented a
smart greenhouse system, employing hydroponic and
aeroponic methods powered by Internet of Things (IoT)
technology.

Soil Sampling and Mapping. Soil composition results
from the interaction of various abiotic and biotic
elements and is unique based on its geographic
location, hence it plays an important role in determining
the source for food traceability and biosecurity
(Ananthi et al., 2017). 10T system consisting of various
sensors such as a pH sensor, temperature sensor,
humidity sensor, a microcontroller, a microprocessor
and a web camera can be set up in a field to automate
irrigation and to collect data about the items mentioned
(Lad et al., 2022). Additionally, Pham and Nguyen
(2024) developed an innovative tool for soil sampling
using deep learning which integrates traditional and
modern soil sampling methods.

Crop Monitoring, Yield Monitoring, Forecasting
and Harvesting. In horticulture, tracking fruit growth
is key component for assessing crop progress and yield.
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A yield monitor, mounted on a harvester and linked to a
mobile app, shows live harvest data and syncs with a
web platform (Dhanaraju et al., 2022). Additionally, a
small IoT camera has shown success in monitoring and
forecasting tomato harvest times, highlighting IoT's role
in improving crop monitoring and yield prediction,
essential for better harvesting (Lee er al., 2022). A
smart crop monitoring system was reported by Kumar
Pradhan et al. (2024) using technologies like the
Internet of Things (IoT) and artificial intelligence (AI)
to cater different farming operations such as soil
quality, meteorological conditions and  crop
requirements. Application of remote sensing technology
for monitoring mangroves was reported by Masood et
al. (2015)

Crop Pest and Disease Management. Recent IoT-
based intelligent devices such as wireless sensors,
robots, and drones are allowing growers to slash
pesticide use significantly by precisely spotting crop
enemies (Ayaz et al., 2017). Smart farming has helped
to monitor infections in crops at a much faster detection
rate and also reduced the time of diagnosis. Modern
JoT-based pest management provides real-time
monitoring, modeling and disease forecasting, proving
more effective compared to the traditional calendar or
prescription-based pest control procedures (Ayaz et al.,
2019). IoT-enabled pest identification and
classification ~ with ~ Meta-Heuristic-Based  Deep
Learning Framework was proposed by Kathole et al.
(2024).

DISCUSSIONS

The article reviews smart farming technologies and
their varied applications in agriculture. It highlights
technologies like sensors, GIS, GPS, UAVs, UGVs,
robots, VRT, IoT, ICT, AL machine learning, deep
learning and big data. The focus is on their use in
vegetable farming for tasks such as precision farming,
greenhouse and vertical farming, hydroponics,
aeroponics, soil sampling, crop and yield monitoring,
forecasting, harvesting and managing pests and
diseases.

Referring to Table 1, between 1999-2010, precision
farming technologies, GPS and sensors were slowly
adopted, with initial explorations into integrating IoT
and Al Limited mentions of drones and UAVs are
noted in this era. The focus on sustainability and
resource efficiency was limited, with basic sensors like
soil moisture, temperature and humidity sensors being
common. From 2010-2023, there was an accelerated
adoption of advanced technologies such as IoT, Al and
drones. This shift led to smarter, more connected and
data-driven agricultural practices. The period also saw a
growing emphasis on sustainability and efficient
resource management, with a global spread of research
and applications. Sensor technology advanced,
becoming more miniaturized and integrated, facilitating
precision and expanded functionalities through AI and
IoT.
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Table 1: Use of Items in Precision Agriculture.

Sr. No. Particulars 1999-2010 2010-2023
. . . There is an accelerated adoption of
The adoption of precision farming . .
. : advanced technologies, including IoT, Al
Adoption of technologies, GPS and sensors started T .
1. . . . and drones, indicating a shift towards
Technology gaining attention, albeit at a slower .
ace more  connected and  data-driven
pace. agriculture.
The growing integration of IoT and Al,
Integration of IoT Initial stages Qf explormg the potential | leading to smart farming practices. This is
2. of IoT and Al in agriculture. reflected in references discussing IoT-
and Al - S
based smart agriculture, Al applications
and data analytics
Limited mentions of UAVs and drones | Increased utilization of drones and UAVs
3. Drones and UAV's in agriculture. for crop monitoring, mapping and other
precision agriculture tasks.
References indicate a growing awareness
4 Focus on Limited emphasis on sustainability and | of sustainability, with technologies being
’ sustainability resource efficiency. applied for efficient resource
management.
. . s The references show a broader global
. Initial studies and applications are - . L.
5. Global Perspectives rimarily in specific resions perspective, with  applications and
P yimsp E1o0s. research in different continents.
Sensors became increasingly
. . . miniaturized, efficient and integrated into
Basic sensors were prevalent, including . . . .
. . . various devices. Advancements during
. . simple soil moisture Sensors, R .
6. Sensor types - this time allowed for improved precision,
temperature sensors and humidity . o
NS expanded  functionalities and  the
SEensors. ) . . .
incorporation of emerging technologies
like Al and IoT.

The graph in Fig. 1 illustrates the projected growth of
the global smart technology industry from 2016 to
2032. The values given are in trillions of U.S. dollars
and represent the global compound annual growth rate
(CAGR). Starting at approximately $0.65 trillion in
2016, the industry sees a steady increase. By 2022, the
value is more than double and has reached to around
$9.3 trillion, and it continues to rise to about $10.49
trillion by 2024 (Datalntelo, 2024), (Statista, 2024).
There's a notable jump in growth projected by 2032,
where the value reaches over $27.47 trillion. This trend
indicates robust growth in the smart technology sector,
suggesting increasing investment and expansion across
the industry globally. The steep growth curve between
2030 and 2032 could imply a significant technological
breakthrough or increased market adoption rates,
leading to a surge in the industry's value.

Growth of smart technology globally

30.00 27.47
25.00

20.00

10.00

a
2
H
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2014 2016 2018 2020 2022 2024 2026 2028
5.00

2030 2032 2034

Year

Fig. 1. Growth of the Smart Technology industry
globally.

The graph in Fig. 2 illustrates the adoption rates of
various smart technologies in agriculture. Sensors/IoT
lead with the highest usage, around 50%. GPS/GIS
follows as the second most used technology at
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approximately 30%. UAVs (drones) show a lower
adoption rate, just above 10%. Unmanned ground
vehicles (UGVs) and ICT are the least utilized
technologies, both falling under 10%. Big Data usage is
slightly higher than UGVs and ICT, indicating its
emerging role in the agricultural sector. The graph
underscores a significant reliance on sensor technology
and location mapping in smart farming.

Use of Smart technology in Agriculture

Fig. 2. Use of Smart Technology in Agriculture.

Despite the numerous advantages of IoT sensors in
agriculture, several challenges persist. Some of these
include the high initial implementation cost, the need
for reliable internet connectivity in remote areas and
data privacy concerns. Overcoming these challenges
will be crucial for widespread adoption and maximizing
the potential benefits of IoT sensors in agriculture
(Prakash er al., 2023).

Challenges in the agriculture sector, include population
growth, competition for resources, climate change and
the scarcity of labour. These challenges underscore the
need for innovative solutions. The advent of Smart
Farming in agriculture offers exciting developments.
Smart farming practices in vegetable cultivation will
boost production by dealing with every inch of land
using technologies. It is essential to promote good
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practices for smart farming of the future (Rajak et al.,
2023).

Future developments in IoT sensors for agriculture may
involve advancements in sensor technology, such as
integrating multispectral imaging for advanced crop
monitoring and combining sensor data with Al
algorithms to enable predictive analytics for optimized
crop management.

CONCLUSIONS

IoT sensors have emerged as a game-changer in modern
agriculture, empowering farmers with real-time data
and insights for more efficient and sustainable
practices. This review paper highlighted the
advancements, applications and challenges associated
with IoT sensors in agriculture. As technology
continues to evolve, the integration of IoT sensors will
become increasingly vital in shaping the future of
connected and smart agriculture. Addressing the
challenges and embracing innovative developments will
drive the agricultural sector towards greater
productivity and environmental stewardship.

FUTURE SCOPE

The future scope of smart agriculture in India is pivotal
in addressing challenges posed by climate change,
increasing food demands and resource scarcity. As the
country faces these pressures, high-tech agricultural
practices become not just beneficial but essential. Smart
farming technologies such as IoT sensors, precision
farming and Al-driven analytics can optimize resource
use, enhance crop yields and minimize environmental
impact.

Training programs are crucial to equip farmers with the
skills necessary to implement these technologies.
Reducing hesitancy towards new methods will be key,
necessitating widespread educational initiatives to
demonstrate the benefits and ease of use of advanced
tools. Innovations in low-cost sensors and sustainable
technologies will further enable adoption, making
advanced farming accessible to a broader range of
farmers. Urban farming presents a unique opportunity
to utilize educated yet unemployed youth, turning urban
spaces into productive agricultural hubs. Managed via
smartphones, these micro-farms can contribute
significantly to local food production, reducing
dependency on supermarkets and enhancing nutritional
self-sufficiency, a vital consideration in scenarios like
the COVID-19 pandemic.

By integrating smart agriculture into the mainstream,
India can address malnutrition and ensure a resilient
food system capable of withstanding global disruptions
and climate-related challenges, paving the way for a
sustainable agricultural future.
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