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CHAPTER-1
INTRODUCTION



INTRODUCTION

The agriculture industry is constantly evolving, seeking innovative solutions to increase
efficiency, productivity, and sustainability. In recent years, the Internet of Things (loT)
has emerged as a transformative technology with the potential to revolutionize
agriculture practices. loT in agriculture refers to the integration of sensors, devices,
and data analytics to create a connected ecosystem that optimizes farming operations.
By harnessing the power of 10T, farmers and agricultural businesses can monitor and
control various aspects of their operations, such as soil moisture levels, weather
conditions, crop health, and equipment performance, in real-time. This enables them
to make data-driven decisions, automate processes, and ultimately enhance yields
while minimizing resource waste. Implementing loT in agriculture involves a multi-
layered approach, encompassing hardware, connectivity, data analytics, and
application development. Sensors and devices equipped with |oT capabilities are
deployed across fields, greenhouses, livestock farms, and supply chain systems to
collect and transmit data. This data is then processed and analysed using advanced
analytics tools and algorithms, providing valuable insights and actionable
recommendations to farmers. Furthermore, loT facilitates remote monitoring and
control, allowing farmers to access vital information through web-based dashboards or
mobile applications. This level of connectivity and accessibility empowers farmers to
manage their operations efficiently, even from a distance, leading to reduced labour

costs and improved resource utilization.

However, implementing loT in agriculture also brings challenges that need to be
addressed. These challenges include data security and privacy concerns,
interoperability between different loT devices and platforms, reliable connectivity in
rural areas, and the need for technical expertise and training for farmers to adopt and

use loT solutions effectively.

In this Project Report, we will delve into the various aspects of implementing IoT in the
agriculture industry. We will explore the potential benefits and challenges associated
with adopting loT technologies. Additionally, we will discuss real-world examples of loT

applications in agriculture and highlight the key factors to consider when integrating



loT solutions into farming operations. By understanding these factors, stakeholders in
the agriculture industry can make informed decisions and leverage the full potential of
loT to drive sustainable and efficient farming practices. The agriculture industry has
witnessed a significant transformation in recent years, thanks to the advent of smart
technologies. One of the most impactful technologies in this domain is the Internet of
Things. loT has revolutionized the way farmers manage their operations, enabling
them to make data-driven decisions and optimize their processes for increased
productivity, efficiency, and sustainability. Implementing IoT in the agriculture industry
involves connecting various devices and sensors to collect and exchange data through
a network infrastructure. These devices can range from soil moisture sensors, weather
stations, and drones to livestock trackers and crop monitoring systems. By harnessing
the power of loT, farmers can gain real-time insights into crucial aspects of their
operations, such as crop health, irrigation needs, pest management, and livestock
conditions.In this article, we will delve into the key benefits of implementing loT in
agriculture and explore some of the most common applications of this technology. We
will also discuss the challenges associated with loT adoption in the agriculture sector
and highlight best practices for successful implementation. By leveraging IoT in
agriculture, farmers can optimize resource usage, minimize waste, and increase yields
while reducing environmental impact. However, it is essential to address concerns
around data privacy, connectivity, and interoperability to ensure the seamless
integration of loT solutions into existing farming practices. Join us as we embark on an
in-depth exploration of how loT is transforming the agriculture industry, empowering
farmers with actionable insights and enabling sustainable practices for a more

productive and resilient future.



1.1 CONCEPT INTRODUCTION

The agriculture industry is essential for global food security and faces challenges such
as limited resources, climate change, and population growth. This section introduces
the concept of 10T and its potential to transform agriculture practices. It highlights the
benefits of loT implementation, including improved efficiency, sustainability, and

productivity.

1.2 OPERATIONAL DEFINITION

loT Applications in Agriculture

This section explores various applications of 10T in the agriculture industry. It delves
into precision farming techniques enabled by |oT, such as soil monitoring, weather
forecasting, and automated irrigation systems. Additionally, it discusses livestock
monitoring solutions, crop management systems, supply chain optimization, and

environmental monitoring techniques.

Benefits of loT Implementation

Implementing IoT in agriculture offers numerous benefits. This section examines these
advantages, including optimized resource management through precise monitoring,
increased productivity and vyields, reduced labor costs, improved decision-making
through real-time data analysis, and enhanced sustainability by minimizing waste and

environmental impact.

Challenges and Considerations

While loT presents significant opportunities, implementing it in agriculture comes with
challenges. This section discusses key challenges such as data security and privacy
concerns, connectivity issues in remote areas, interoperability between different loT
devices and platforms, and the need for skilled workforce and technical expertise.

Strategies to address these challenges are also explored.

Recommendations for Successful loT Implementation
To ensure successful adoption of 10T in the agriculture industry, this section provides

recommendations for stakeholders. It covers aspects such as infrastructure



development, sensor selection and placement, data management and integration,
scalability considerations, and farmer education and training. Effective implementation

strategies can help overcome barriers and maximize the benefits of 10T in agriculture.

1.3 NEED FOR STUDY

loT holds tremendous potential to transform the agriculture industry by enabling data-
driven decision-making, optimizing resource utilization, and enhancing sustainability.
While challenges exist, proactive planning, stakeholder collaboration, and addressing
technical and social considerations can lead to successful implementation. The
widespread adoption of 0T in agriculture can contribute to a more resilient and efficient
food production system. The real-world examples of IoT implementation in agriculture.
It showcases successful projects and initiatives from different regions, highlighting the

positive impact of loT on farming practices, resource optimization, and sustainability.

The agriculture industry is confronted with numerous challenges, including the need
for sustainable practices, efficient resource management, and increasing productivity.
This section introduces smart technologies and the Internet of Things (loT) and their
potential to address these challenges. It outlines the objectives of the article and sets
the context for implementing IoT in agriculture. The diverse applications of 10T in the
agriculture industry. It delves into precision farming techniques, including soil and crop
monitoring, automated irrigation systems, and predictive analytics. It also discusses
livestock monitoring, supply chain optimization, and environmental monitoring. Each
application is accompanied by examples and case studies to illustrate their practical
implementation. loT in the agriculture industry brings forth a range of benefits. This
section examines these advantages, such as improved decision-making through real-
time data analysis, optimized resource utilization, increased crop yields, enhanced
livestock management, and reduced environmental impact. The discussion is

supported by research findings and successful loT adoption.



1.4 STATEMENT OF THE PROBLEM

The implementation of IoT in agriculture is not without challenges. This section
explores the key hurdles and considerations that stakeholders may encounter. It
addresses issues related to connectivity and infrastructure, data security and privacy,
interoperability and standardization, scalability, and the need for technical expertise.
Strategies to overcome these challenges are discussed to facilitate successful loT
adoption. The key challenges associated with |0T in agriculture, including data security
and privacy concerns, interoperability and standardization issues, connectivity and
infrastructure limitations, scalability considerations, and the need for farmer education
and acceptance. Strategies and best practices to overcome these challenges are
explored. Recommendations for Successful IoT Implementation based on the analysis
conducted, It covers aspects such as planning and goal setting, collaboration with
technology providers and researchers, investing in reliable and scalable loT
infrastructure, ensuring data security and privacy, and ongoing training and support for

farmers and personnel.

1.5 OBJECTIVES OF THE STUDY

Following are the specific objectives of the study:

e To analyse the Assessing farm requirements and identifying pain points.

e Toidentify the various problems and issues in Selecting appropriate loT devices
and sensors.

e To Establishing connectivity infrastructure.
e To Implementing the data management and analytics systems
e Tofind the most popular app in the digital food delivery app.

e To Continuous monitoring, evaluation, and improvement

1.6 SCOPE OF THE STUDY

The implementation of smart technologies, particularly the Internet of Things (loT), has
the potential to revolutionize the agriculture industry by enabling efficient resource
management, real-time monitoring, and data-driven decision-making. This analyse the

integration of loT in the agriculture sector and provides insights into the benefits,
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challenges, and strategies for successful implementation. By examining current use
cases and research findings, this article offers guidance on how to effectively
implement |oT in the agriculture industry. The agriculture industry faces various
challenges, including optimizing resource utilization, improving productivity, and
ensuring sustainable practices. The emergence of smart technologies, particularly the
Internet of Things (loT), offers opportunities to address these challenges. This project
report aims to analyze the implementation of loT in the agriculture industry and provide
insights into its practical application, benefits, challenges, and recommendations for

successful adoption.

1.7 METHODOLOGY

Conduct an extensive review of academic papers, industry reports, and case studies
related to loT implementation in agriculture. Data collection: Gather data on current
practices, challenges, and potential benefits from farmers, agricultural organizations,
and loT solution providers. Analysis: Analyse the collected data to identify key findings,
trends, and insights regarding loT implementation in agriculture. Recommendations:
Develop actionable recommendations based on the analysis to guide stakeholders in
the successful implementation of IoT in the agriculture industry. loT Applications in
Agriculture Precision farming: Explore the use of loT devices, sensors, and data
analytics in optimizing crop management, irrigation, fertilization, and pest control.
Livestock monitoring: Investigate the application of loT in monitoring animal health,
behaviour, and welfare, including tracking and automated feeding systems. Supply
chain optimization: Examine how loT can enhance inventory management, logistics,
and traceability in agricultural supply chains. Environmental monitoring: Assess the
role of 10T in collecting real-time data on weather conditions, soil quality, and water
resources to support sustainable farming practices. Benefits of l1oT Implementation
Enhanced productivity: Discuss how loT can enable data-driven decision-making,
leading to improved yield, reduced waste, and increased efficiency. Resource
optimization: Explore the potential of IoT in optimizing resource allocation, such as
water usage, energy consumption, and fertilizer application. Improved sustainability:
Analyse how loT can support environmentally friendly practices, including precision
agriculture techniques and reducing environmental impacts. Challenges and

Considerations Data security and privacy: Discuss the potential risks associated with
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data collection, storage, and transmission in loT systems and propose strategies to
mitigate them. Connectivity and infrastructure: Address the challenges related to
network connectivity in rural areas and the required infrastructure for IloT
implementation. Interoperability and standardization: Explore the need for
interoperability among loT devices, platforms, and data formats, along with potential
solutions. Scalability and affordability: Investigate the scalability and cost
considerations when implementing loT solutions in agriculture. Stakeholder
engagement and education: Highlight the importance of involving farmers, agricultural
organizations, and policymakers in the implementation process and addressing the
need for education and training. Recommendations for Successful loT Implementation
Develop a comprehensive loT implementation plan tailored to the specific needs and
requirements of the agricultural operation. Invest in robust and reliable loT
infrastructure, including sensors, connectivity solutions, and data storage and analytics
platforms. Promote data security and privacy by adopting industry best practices and
complying with relevant regulations. Foster collaboration among farmers, technology
providers, researchers, and policymakers to share knowledge and experiences.
Provide training and education programs to empower farmers and stakeholders with
the necessary skills to effectively utilize loT technologies. Implementing IoT in the
agriculture industry has the potential to revolutionize farming practices, improve
resource management, and enhance sustainability. However, it requires careful
planning, addressing challenges, and collaborative efforts among stakeholders. By
following the recommendations provided in this project report, the agriculture industry
can successfully harness the benefits of loT and pave the way for a more efficient and

resilient future.

1.8 LIMITATIONS OF THE STUDY
While loT presents significant opportunities, there are challenges that need to be
addressed for successful implementation. This section discusses the key challenges
associated with loT in agriculture, including data security and privacy concerns,
interoperability and standardization issues, connectivity and infrastructure limitations,
scalability considerations, and the need for farmer education and acceptance.
Strategies and best practices to overcome these challenges are explored. Strategies
for Successful loT Implementation This section provides recommendations and

strategies for implementing loT in the agriculture industry: Conduct a comprehensive
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assessment of the farm's needs, resources, and goals. Develop a clear implementation
plan considering factors such as budget, infrastructure requirements, and scalability.
Choose appropriate |oT devices, sensors, and platforms based on the specific needs
of the farm. Ensure data security and privacy through encryption, authentication, and
secure data storage practices. Establish reliable and robust connectivity solutions,
considering both wired and wireless options. Promote interoperability through the use
of open standards and protocols. Provide training and support to farmers and workers
to enable the effective utilization of IoT technologies. Foster collaboration and
knowledge-sharing among stakeholders, including farmers, technology providers,
researchers, and policymakers.

13



CHAPTER 2
REVIEW OF LITERATURE
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REVIEW OF LITERATURE

Agriculture, a necessary field, must be balanced with population increase. According
to Alan L.Olmstead and Rhode (2009), the present agricultural system is
commercialized and labour-intensive. Between 1920 and 1970, the input resources
utilised were 30%, resulting in a 180% yield. Furthermore, the production rise was due
to innovation in productive farming rather than expanding the used data sources.
Researchers recently discovered that the use of sifting machines, mechanical
innovation, and synthetic manures all contribute to agricultural success. Since the last
decade, agriculturists have been using information and communication technology to
systematize their financial data and monitor their business interactions with outsiders.
Nowadays, data is thought to be a crucial aspect of a person's life. In this way, the
horticulture sector enables farmers to collect and evaluate farming measures based on
observable data. Sensors, cultivating hardware, and meteorological sensors, for

example, can transmit accurate data.

The efforts encompass all means in the generating chain comprising day-to-day
agricultural duties. According to Wang et al. (2006) and Sorensen et al. (2010), farmers
frequently face information overload, which results in a new kind of data. Wang et al.
(2007) used sensors to monitor temperature, soil moisture, and humidity and relayed
the detected data to farmers via third parties such as meteorological stations. Farmers
at the time easily consolidated the information and had clear options to deliver certain
things, improving their wage and legislative criteria (Lan (2012) and Razi and Nath
(2019). According to McCown R.L and colleagues (2012), data obtained with the
farmer's inner arrangement creates knowledge to learn and establish a true intellectual
framework. Allen and Wolfert (2011) provided a bevy of patentable ideas to help
farmers monitor their operations properly. Nikkila R et al. (2010) identified more
complex frameworks that follow topographical regions and climate variations. Later,
Farm Management Information Systems (FMIS) concentrated on specific agricultural
tasks and functional requirements. These frameworks are currently gradually moving
to Internet time, and they employ established system administration solutions to
improve agricultural structures. In any case, it is commonly acknowledged that the
Internet has a lot of flaws, particularly when dealing with huge volumes of organized

devices, such as the Internet of Things (IoT). At the same time, no standard solution
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exists to provide vital and consistent interoperability among administrations and
stakeholders. It is now expected that the Future Internet (FI) frameworks will be used
to address these shortcomings.

Ayday and Safak (2009) highlighted two primary areas of application for loT-based
precision agriculture, which used to acquire and analysed data to track supply chain
products based on changes in environmental conditions. The loT automatically turns
the collected data into a set of actions that the actuators carry out. It also aids in the
optimization of processes, resource usage, and the management of complex
autonomous systems. Based on these interconnections, the Global System for Mobile
Communications (GSMA) predicts that the number of allied loT devices would grow
from 9 billion in 2012 to 24 billion by 2020. Sensor technology in the agricultural area
overcomes yield issues and proposes proper monitoring. M. R. M. Kassim et al. (2014)
and Sahota et al. (2010) described the sensor technology used in Network layers.
Mampentzidou et al. (2012) described the fundamental importance of sensor
technology as well as the critical components in agriculture. The Precision Agriculture
Monitor System (PAMS) uses a sensor developed by Shining Li et al. (2011) to monitor
agricultural activity. The IFarm Framework system was proposed for managing water
usage in order to improve production by increasing socioeconomic aspects. Wang N
et al. (2006) provided an outline for the most recent sensor technology for ecological
nursing. The sensor technology was classified by Anisi M.H et al. (2015) based on its
performance characteristics. Million Mafuta et al. (2010) emphasized the use of sensor
infrastructure to monitor and maintain crops in an orchard. The goal of this study is to
create a recommender system for precision agriculture using loT capabilities. Our goal
is to build a complete monitoring system using loT advancements to improve
agricultural functionality. The farmer can handle the irrigation deficiencies of today's

agriculture using this technique, as recommended by Batte (2005) and Csoto (2010).

2.1 AREVIEW OF PRECISION AGRICULTURE
Precision agriculture is viewed as an improved input management technique that can
assist farmers in increasing farm earnings (by the efficient use of farm inputs) while
also improving the environment-adoption of soil sampling technology outlined on the
intertemporal soil sampling. However, there is no information available on farmers'
sampling practices. To ensure the promotion and usage of these effective irrigation

technologies, farmers' decisions and insights must be properly explored (Riquelme et
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al., 2009). This study helps to the farmer's awareness of the adoption and use of
efficient irrigation technologies. Csoto (2010) claims that the key sources of precise
agricultural information for 14 cotton-growing southern states in the United States
include farm equipment, crop consultants, university extension, news media, and
government agencies. The many sources of information are significant, with varying
effects on the adoption of precision agricultural technologies. The Internet, for example,
has a considerable impact on the adoption of yield monitors with GPS and soil survey
map technology. In contrast, dealer information has a substantial impact on the
adoption of zone soil sampling and soil survey map technologies. For example, in most
situations, farmers mix the extended form of precision farming information with other
sources of information such as crop counselling, trade exhibits, advertisements, and
so on (Wang et al., 2010). The business sector (such as crop consultants and input
suppliers) disseminates the precision farming approach in order to give technical skills
connected to increased farming profits and the most recent capital expenditures related
to recent precision farming technology (Nabi et al., 2020). Farmers are drawn to
precision agriculture practices because of their potential to increase on-farm profits and
the environment, according to Allen and Wolfert (2011). Geographical Information
Systems (GIS), Global Positioning Systems (GPS), Sensors, Variable Rate
Technology (VRT), and Yield Monitoring (YM) are currently the leading agricultural
technology. Precision agricultural practices were first reported in the Midwest's corn
belt, which helped increase corn, wheat, and soybean yields while also lowering
production costs, with an upward precision farming adoption trend in 14 Southern
states, from about 63 percent in 2009 to about 73 percent in 2013. Grid and zone soil
sampling, variable rate application of lime, phosphorus, and potassium, and soil survey
maps are the most extensively used precision agriculture technology in the southern
United States (Costo 2010). The southern United States, which includes Alabama,
Georgia, Mississippi, North Carolina, South Carolina, and Texas, is the most important
cotton production region in the country (Zwart and Bastiaanssen 2004). Cotton
production, for example, reaches 50% of harvested acres in several Texas counties.
The majority of southern U.S. states consider other farmers, farm equipment suppliers,
crop consultants, university extension, news media, and government organizations to
be important sources of precision agriculture methods (Zwart and Bastiaanssen 2004).
So yet, no technique exists that could aid in determining irrigation patterns over large

areas.
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2.2 EMPIRICAL ESTIMATION OF PRECISION AGRICULTURE

The statistical analyses supplied the existing empirical model utilized for daily soll
moisture observations. The two key components for this estimation are evaporation
and precipitation, and the value of rainfall is easily available from published weather
data.

Water scarcity is increasing in many developing countries, with a particular
focus on agricultural water. Even minor development sectors necessitate a large
volume of water. As a result, there is a need to optimize agricultural production
techniques and manufacture food requirements, as well as vital water-saving and
irrigation tactics. Rain-fed water conservation and practical irrigation must increase in
order to save water resources properly. Water consumption in each production unit is
increasing daily. The existence of rainwater is determined by transitory climatic
changes and the factors in question, such as evapotranspiration (Rawal 2017). Thus,
evaluating agricultural production climatic characteristics is critical to avoiding a global
water problem and food deficit. Using lysimeters, more exact values on crop water
consumption are provided. This is the same old methodology used by Nikkila et al.
(2010) to directly measure Evapo Transpiration (ET). Throughout all studies, the
gadgets detect differences in a plot for a specific crop. The device data, along with
supplementary statistics from the meteorological station, is employed in the water
management process. These data have collected the use of various devices on a
regular basis, and once those records have been reviewed, an irrigation control
decision has been reached. According to Wang et al. (2007), this was done swiftly and
in real-time using ICT. Furthermore, technologies connected to automation and remote
from management, such as electronics, automation, sensing technologies, and
robotics, have evolved over the last decade, owing mostly to lower production costs for
the core components. According to the authors Razi and Nath (2019), many gadgets
are commonly used in extremely technical domains. Reference crop Estimating
evapotranspiration (ETo) is critical in irrigation water manipulation to determine crop
water. requirements and scheduling, including rainfall-runoff modelling and a variety of
outstanding water resource media. Several direct and indirect strategies were used to
estimate the reference crop evapotranspiration based on its relevance. However, its
success has been restricted since direct measuring procedures lack precision and

accuracy due to scale issues associated with more accurate indirect techniques. The
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Penman Monteith benchmark model, for example, is very non-linear and requires
meteorological input records that are not manually checked. In such cases, Artificial
Intelligence (Al) and Neural Computing techniques that can efficiently map
complicated, non-linear input-output correlations can be useful. The technology
employs numerous sensor nodes in a specific area for a Wireless Sensor Network
(WSN) (Ojha et al., 2015) scenario using ZigBee (Razi Q et al., 2019) and (Gutierrez
etal., 2014). Gonzalez Perea R et al. (2016) suggested a hybrid heuristic methodology
that combines Decision Trees and the Genetic Algorithm to determine the best decision
tree to describe farmer behavior and predict irrigation occurrences. The strategy was
put to the test over an entire irrigation region. The results showed that the best models
generated could predict between 68% and 100% of actual irrigation occurrences and
93% to 100% of bad irrigation events.

2.3 FUNDAMENTAL FACTORS AFFECTING CROP GROWTH
A review of the literature reveals that numerous factors influence soil strength. Soil
water content is now connected with a few important soil properties, such as grain-
length distribution, bearing capacity, modulus of subgrade reaction, shear energy,
plasticity indices, density, modulus of resilience, and moulding moisture content. The
following elements have a bigger impact on crop growth than the most usually

mentioned dwellings. Table 2.1 shows the factors that influence crop growth.

Table 2.1 Factors Affecting Crop Growth

S.No. [Factors
1 Moisture Content
2 Density
3 Plasticity Characteristics
4 Number of Fine Particles
5 Gradation
6 Optimum Moisture
Content
7 Maximum Dry Density
8 Particle Shape

According to Riquelme et al. (2009), various packages have been presented in recent
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years for Wireless Sensor Networks (WSN). Anisi et al. (2015) made a precision
agriculture-based suggestion in which WSN can play an important role in dealing with
the regulation of water assets for irrigation. It gives information about crop changes in
order to determine the best time to harvest and estimate fertilizer requirements in order

to accurately predict crop performance.

Campos et al. (2016) suggested an irrigation scheduling algorithm that estimated daily
evapotranspiration and identified crop, soil, tuning, and other agricultural equipment
management processes. Adeloye et al. (2012) defined a device that uses web-GIS
services to georeferenced soil attributes in order to make meteorological and soil
characteristics-based decisions. The R2 values acquired during the development of
the most recent 12 version are 96%, which is greater than the value reported by Pulido-
Calvo and Gutierrez-Estrada (2009). These authors demonstrated an 89%
improvement in their hybrid model as compared to the variability of 20.27% forecasting
the daily waterfall. The key strategy used to achieve these results was to maximize the
number of neurons available in the hidden layer. The modification of these genetic
criteria improved the accuracy and predicted the broad range of these parameters.
Abrisqueta et al. (2015) concentrated on a model for a district-level irrigation plan and
its identification. The proposed model was an improved version of 12 by Perea et al.
(2019), with an R2 variation of 93%. The key reason for these outcomes was the use
of the Bayesian framework with the genetic algorithm's optimal parameters. It
demonstrates that Bayesian adjustments resulted in variances in prior versions and
the rule set. When the sampled records or databases are small in size, the rule's input
validation no longer necessitates a distinct statistics set separate from the training set.
These data contain irrigation statistics relevant to varied seasonal weather and crop
situations. According to Perea et al. (2019), the use of the Bayesian framework has
resulted in an overall performance improvement in the early prediction of weather

situations.

2.4 SUMMARY
In this chapter, presents the efforts of all generations of agricultural chores, as well as
many surveys made on precision agriculture and its empirical assessments in decision-
making. There is also a discussion of several 0T device and sensor approaches and
crop growth-impacting elements mentioned here. The introduction provides a concise
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overview of the implementation of loT in the agriculture industry. It highlights the
transformative impact of smart technologies on farming practices and emphasizes the
role of 0T in enabling data-driven decision-making and optimization. The introduction
effectively sets the stage for the subsequent discussion on the benefits, applications,
challenges, and best practices of loT implementation in agriculture.

The introduction successfully captures the reader's attention by emphasizing the
importance of l1oT in revolutionizing the agriculture sector. It establishes the relevance
of the topic and presents a clear objective for the article. The inclusion of examples of
loT devices and sensors commonly used in agriculture helps to illustrate the practicality
and versatility of this technology. Additionally, the introduction acknowledges the
potential challenges associated with loT adoption in agriculture, such as data privacy,
connectivity, and interoperability. This shows an awareness of the complexities
involved in implementing loT solutions and indicates that the article will address these
concerns. The language used in the introduction is clear and concise, making it
accessible to readers with varying levels of familiarity with the topic. It effectively
conveys the significance of loT in agriculture without overwhelming the reader with
technical jargon. However, one suggestion for improvement would be to include a brief
statement on the existing literature or research in the field. This would provide a context
for the article and demonstrate that it builds upon prior knowledge and contributes to

the existing body of research on loT implementation in agriculture.
Overall, the introduction effectively introduces the topic, outlines the key points to be

discussed, and engages the reader. It sets the foundation for a comprehensive

exploration of 10T's role in transforming the agriculture industry.
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CHAPTER-3
AN IOT BASED SMART FARMING AND
MONITORING SYSTEM
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An loT Based Smart Farming and Monitoring System

3.1 INTRODUCTION

The implementation of smart technologies, particularly the Internet of Things (loT), has
the potential to revolutionize the agriculture industry by enabling efficient resource
management, real-time monitoring, and data-driven decision-making. In this chapter
aims to analysed the integration of IoT in the agriculture sector and provides insights
into the benefits, challenges, and strategies for successful implementation.

In India, the agriculture accounts for 60-70% of the GDP, there is an urgent need to
modernize traditional agricultural practices in order to increase output. The ground
water level is falling day by day as a result of uncontrolled water usage; lack of rainfall
and shortage of land water also contribute to a decrease in the volume of water on
Earth. Water scarcity is currently one of the world's most pressing issues. Water is
required in all fields. Water is also necessary in our daily lives. Agriculture is one of the
industries that require a large amount of water. Water waste is a serious issue in
agriculture. Every time there is an excess of water given to the fields. There are
numerous methods to
The agriculture industry plays a critical role in global food production, and the adoption
of smart technologies such as IoT can enhance productivity, sustainability, and
profitability. This section introduces the concept of loT and its relevance to agriculture,

highlighting the potential advantages and opportunities it offers.

3.1.2 loT Applications in Agriculture
This section explores various applications of l0T in the agriculture industry. It discusses
precision farming techniques, including soil monitoring, crop health monitoring, and
automated irrigation systems. Additionally, it explores livestock monitoring, supply
chain optimization, and environmental monitoring solutions enabled by IloT

technologies.

3.1.3 Benefits of loT Implementation
Implementing |oT in agriculture brings numerous benefits. This section examines the
advantages, such as optimized resource utilization, improved crop yields, reduced

operational costs, enhanced decision-making through data analytics, and increased
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sustainability through precision farming practices. Real-world examples and case
studies are provided to illustrate these benefits.

3.1.4 Challenges in loT Implementation
While loT offers significant opportunities, its implementation in the agriculture industry
comes with challenges. This section discusses key challenges such as data security
and privacy concerns, infrastructure requirements, connectivity issues in remote areas,
interoperability of devices and systems, and the need for farmer education and training.

Strategies and best practices to overcome these challenges are also addressed.

3.1.5 Strategies for Successful loT Implementation
To ensure successful integration of 10T in the agriculture industry, this section provides
strategies and recommendations for stakeholders. It covers aspects such as planning
and goal setting, selecting appropriate loT devices and sensors, data management and
analysis, connectivity solutions, integration with existing systems, and collaboration

among farmers, researchers, and technology providers.

3.1.6 Case Studies and Best Practices
This section presents real-world case studies and best practices from successful loT
implementations in agriculture. These examples demonstrate how loT technologies
have been effectively utilized in different agricultural settings, showcasing the positive
impact on productivity, sustainability, and profitability.

3.1.7 Future Trends and Outlook
The chapter concludes by discussing emerging trends and future directions in loT for
the agriculture industry. It explores advancements in sensor technologies, data
analytics, artificial intelligence, and automation. Additionally, it explores the potential of

edge computing, drones, and blockchain in enhancing loT capabilities for agriculture.

3.2 Smart Irrigation System

The agriculture industry is constantly evolving, seeking innovative solutions to increase

efficiency, productivity, and sustainability. In recent years, the Internet of Things (loT)

24



has emerged as a transformative technology with the potential to revolutionize
agriculture practices. loT in agriculture refers to the integration of sensors, devices, and
data analytics to create a connected ecosystem that optimizes farming operations. The
Smart farmers and agricultural businesses can monitor and control various aspects of
their operations, such as soil moisture levels, weather conditions, crop health, and
equipment performance, in real-time. This enables them to make data-driven
decisions, automate processes, and ultimately enhance yields while minimizing
resource waste. And this Implementing IoT in agriculture involves a multi-layered
approach, encompassing hardware, connectivity, data analytics, and application
development. Sensors and devices equipped with loT capabilities are deployed across
fields, greenhouses, livestock farms, and supply chain systems to collect and transmit
data. This data is then processed and analysed using advanced analytics tools and
algorithms, providing valuable insights and actionable recommendations to farmers.
Furthermore, loT facilitates remote monitoring and control, allowing farmers to access
vital information through web-based dashboards or mobile applications. This level of
connectivity and accessibility empowers farmers to manage their operations efficiently,
even from a distance, leading to reduced labor costs and improved resource utilization.
However, implementing loT in agriculture also brings challenges that need to be
addressed. These challenges include data security and privacy concerns,
interoperability between different 0T devices and platforms, reliable connectivity in
rural areas, and the need for technical expertise and training for farmers to adopt and
use loT solutions effectively.

In this chapter, it will delve into the various aspects of implementing loT in the
agriculture industry. We will explore the potential benefits and challenges associated
with adopting loT technologies. Additionally, it will discuss real-world examples of loT
applications in agriculture and highlight the key factors to consider when integrating
loT solutions into farming operations. By understanding these factors, stakeholders in
the agriculture industry can make informed decisions and leverage the full potential of
loT to drive sustainable and efficient farming practices. The agriculture industry has
witnessed a significant transformation in recent years, thanks to the advent of smart
technologies. One of the most impactful technologies in this domain is the Internet of
Things (loT). loT has revolutionized the way farmers manage their operations, enabling

them to make data-driven decisions and optimize their processes for increased
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productivity, efficiency, and sustainability. Implementing loT in the agriculture industry
involves connecting various devices and sensors to collect and exchange data through
a network infrastructure. These devices can range from soil moisture sensors, weather
stations, and drones to livestock trackers and crop monitoring systems. Most irrigation
systems are still operated manually nowadays. Traditional irrigation methods include
drip irrigation, sprinkler irrigation, and others. These strategies must be paired with loT
in order to make efficient use of water variations. 10T enables access to information
and key decision-making by obtaining various values from sensors such as soil
moisture, water level sensors, water quality, and so on.

In the publication a wireless sensor network is combined with ZigBee to relay soil
moisture and temperature levels. The data is sent to a web server over a cellular
network using GPRS. Data monitoring can be accomplished via the internet using a

graphical program.

3.3 PROPOSED SYSTEM
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Fig.1 Block diagram of proposed system

As demonstrated in Fig.1, irrigation can be automated by employing sensors, a
microcontroller, a WiFi module, and an Android application. The field is regularly
monitored by the low-cost soil moisture sensor. The sensors are wired to an Arduino
board. The sensor data obtained is transferred wirelessly and reaches the user,

allowing him to manage irrigation. The mobile application can be constructed to assess
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the data received and compare it to the moisture, humidity, and temperature threshold
values. The Decisions can be made either automatically by the application without user
intervention or manually by the application with user intervention. If the soil moisture is
less than the threshold value, the motor is turned on; if the soil moisture is greater than
the threshold value, the motor is turned off. The Arduino is linked to the sensors. This
hardware connects via wifi module, allowing the user to get the data via his mobile
device, which has an Android application that can obtain sensor data from the Arduino
via a wifi Module. It also includes a feature for scheduling irrigation. The irrigation can
be scheduled based on a specified threshold value of soil moisture. Based on the
projected pattern of soil moisture and precipitation information, the system directs the
maintenance of the threshold value. The irrigation system can start automatically and
cease when the soil moisture reaches the specified threshold value. A water pump is
coupled to a relay switch in this module, which is controlled by a Wi-Fi equipped node.
The web service controls the node by a trigger from the responsive web-based
interface for real-time monitoring. The water pump can be handled remotely in manual
and automatic modes using this web-based interface. The WiFi module/Mobile data
communication module in the proposed architecture can be employed as a
communication medium between the field device and the server. A WiFi module was
utilized in this experiment to relay data to the server. To transport data from the
gateway node to the server, a WiFi module or a mobile data connection module can
be utilized. The major purpose of an automated irrigation system using WSN and
GPRS Module is to maximize the usage of water for agricultural crops. This system is
made up of a distributed wireless sensor network (WSN) that includes soil moisture
and temperature sensors. Gateway units relay data from sensor units to base stations,
give commands to actuators for irrigation management, and maintain sensor unit data.
The algorithm used in the system to adjust water supply based on requirements and
field conditions. It is programmed in a microprocessor and delivers commands to the
actuator to control the amount of water through the valve unit. Photovoltaic panels
power the entire system. Duplex communication takes place over a cellular network.
The irrigation is managed using a web application that uses continuous monitoring and
irrigation scheduling programming. It is possible to do so via web pages. The Bluetooth
technology is introduced in the next section. Farmers can benefit from a wireless
sensor network crop monitoring application for precision agriculture.

The fundamental working concept of this system is to connect the previously integrated
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soil moisture sensor to the Arduino microcontroller, which is also connected to the other
electronic components indicated above, as shown in Fig.1. Soil moisture is measured
by the sensor, which sends information and parameters about soil moisture to the
microcontroller, which regulates the pump. If the soil moisture falls below a specific
level, the microcontroller sends a signal to the relay module, which then activates a
pump and delivers a certain amount of water to the plant. When enough water is
delivered, the pump stops working. The power supply's purpose is to power the entire
system, and the recommended voltage should respect the microcontroller's input
supply range, which is 7V to 12V. Using the Internet of Things (loT), the application
watches the entire farm from a remote location. The application operates on a sensor
network with two types of nodes. In order to save energy, a node employs an energy-
saving algorithm. For data gathering from node to base station, a tree-based protocol
is utilized. The system consists of two nodes, one of which collects all environmental
and soil parameter values and the other of which has a camera for picture collection
and crop monitoring. Environmental changes are not taken into account for sensor
reading in this system. The system user is unable to program the application. There is

no application control system.

3.4 CONCLUSION
Using the Internet of Things (IoT), the application watches the entire farm from a remote
location. The application operates on a sensor network with two types of nodes. In
order to save energy, a node employs an energy-saving algorithm. For data gathering
from node to base station, a tree-based protocol is utilized. The system consists of two
nodes, one of which collects all environmental and soil parameter values and the other
of which has a camera for picture collection and crop monitoring. Environmental
changes are not taken into account for sensor reading in this system. The system user
is unable to program the application. There is no application control system. The
suggested system forecasts soil moisture using sensor data from the recent past and
weather projected data. The anticipated value of soil moisture is more accurate and
has a lower error rate. The prediction method is also implemented into a standalone
system prototype. Because it is built on open standard technology, the system
prototype is inexpensive. It is a smart system because of the auto mode, and it may be

further adjusted for application-specific conditions. In the future, we intend to undertake
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a water-saving study using the suggested algorithm with numerous nodes while also

minimizing system costs.

3.5 FUTURE SCOPE
Since machine learning needs a lot of data, our collected meteorological data is very
helpful in enhancing performance. By analysing the data based on the soil and climatic
conditions, region or area-wise prediction may be done to give more precise farming
ideas of which crop can be planted. In This chapter, can be further industrialized with
video feeds to monitor plant or leaf yellowing and convey the results appropriately to
control the illness from anywhere. By using Al and surveillance, the field area may be

kept safe from trespassers.
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DATA ANALYSIS AND INTERPRETATION
4.1 INTRODUCTION

In analysing the implementation of loT in the agriculture industry, several theoretical
frameworks can provide valuable insights and guidance. Two relevant frameworks that
can be applied are the Technology-Organization-Environment (TOE) framework and
the Innovation Diffusion Theory (IDT). The TOE framework is a widely used theoretical
model for understanding the factors that influence the adoption and implementation of
new technologies within organizations. It takes into account three key dimensions
Technology: This dimension focuses on the characteristics of the technology itself,
such as its complexity, compatibility with existing systems, and relative advantage over
alternative solutions. In the context of loT in agriculture, the TOE framework can help
analyze the features of loT devices, sensors, and network infrastructure and how they
align with the specific needs and requirements of farmers.

the internal factors within an organization that affect technology adoption, including
factors such as organizational structure, resources, and capabilities. Applying the TOE
framework to the agriculture industry, it can help identify the organizational readiness
for loT implementation, assess the availability of resources, and evaluate the existing
processes and systems that may need to be adapted or restructured. This dimension
considers the external factors that impact the adoption and implementation of
technology, such as market conditions, regulatory environment, and industry
standards. When studying loT implementation in agriculture, the TOE framework can
be used to analyse the influence of factors like government policies, availability of
infrastructure, and market demands on the decision-making process. The IDT
describes the stages that individuals or organizations go through in adopting an
innovation, including knowledge, persuasion, decision, implementation, and
confirmation. Applying this framework to loT implementation in agriculture can help
analyse the different stages of adoption and identify the factors that influence the
progression from one stage to another. The IDT emphasizes the role of interpersonal
communication, mass media, and other channels in spreading information about
innovations. When examining loT implementation in agriculture, this framework can
help identify the most effective communication channels for disseminating information

about loT solutions and fostering adoption among farmers.
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4.2 EXPERIMENTAL RESULTS AND OBSERVATIONS

The AISM System takes two input datasets i) dataset observed from the agricultural
field and ii) web dataset aggregated with weather forecasting statistics such as
temperature and humidity from the webs forecasting portals such as OpenWeather and
AccuWeather. The web datasets of the form XML and JSON are examined for the user-
specified vicinity and considered for prediction support.

The standalone sensors, specifications presented in the table are deployed in

the form, as shown in the sample agricultural field, as depicted in Figure 4.2.
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Figure 4.2 Sensor Deployed in the Agriculture Field(Amarendra Goap 2018)
Figure 4.2 is the considered sample figure of similar field-deployed with the

Sensors.

Moisture Sensor
The humidity sensor measures the water content (moisture) of the soil. The sensor

recommends plant irrigation in the agriculture field, botanical garden (Shahidul
Islam et al., 2015). The ground moisture operating voltage is 5 V, the current
required is less than 20 mA, the interface is analog-type sensors and operates
between 10 and 20°C. The soil moisture sensor uses capacitance to measure the
dielectric permittivity of the surrounding soil. In the soil, dielectric permittivity isa

function of water content. The sensor creates a voltage proportional to the dielectric
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permittivity and, therefore, to the soil's water content. The sensor calculates the
average water content over the entire length of the sensor. (Vaishali et al. 2017)
The soil moisture sensor measures moisture loss due to evaporation. The
moisture content and its irrigation. in control mostly use the humidity sensor
software and the Arduino Unoboard. The soil moisture connects to the VCC% v of
Arduino UNO, GND soil moisture, and interconnected sensor Arduino UNO and
thelast door of the A0 sensor connected to the 0 Arduino analog board (Baraka et
al., 2013).

Relay

Relay has on and off conditions to control the motor (Senpinar, 2019). There are
many types of modules, such as singlechannels, double channels, four channels,
and eight channels (Vaishaliet al. 2017). The relay can handle the high power
electric motor and needs to be calibrated to withstand overloads or failures.
Concerning the mains voltage, the relays have three possible connections:
common, usual, and normal pins. There is no contact between the common
pinand the normally open (NO) pin. On load conditions, the common pin is
activated. (Reche et al., 2014). All the pins of the forwarding. The connection
between the relay module and the Arduino is really simple. The GND of the relay
goes to the ground. IN1 relay port connected to the Arduino digital pin. Check the
first channel of the relay.

Water Pump

(DC, 12V) For this study, a water pump is required, which must be DC, 12V. The
DC motor is a commonly used motor with DC power distribution systems. Some
rotors carry magnets, and the stator grabs the conductors. The supports are used
to allow the rotor to rotate continuously towards its axis (Reshma and Babu, 2016).
Observations and Results

The SLR and K_SLR algorithm executes the farming land environmental
parameters using the sensors. It compares the value with the previous record of
the weather forecast data to predict the requirement of the soil moisture for the
forthcoming days. The algorithm efficacy proved by observing the irrigation
parameters on an hourly basis for about three weeks, including humidity, soil

moisture, and temperature. This observation is made for 1 month (30 days), and
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70 % of the collected data is taken as the training set and 30 % of the data is taken
as the testing data. Algorithm SLR provides the procedure of measuring the
Predicted Soil Moisture (PSM) value. This procedure helps to predict the soil
moisture for the forthcoming days. The algorithm K_SLR algorithm promotes high
accuracy with the Correlation Coefficient and Least Mean Square Error. Initially,
the SLR algorithm is trained with the observed sensor data and the recorded data
separately for the upcoming day's soil moisture difference prediction, as shown in
Table.1 and 2. The training was done in the days of November 2018 (From 15-11-
2018 to 20-11-2018). Further, the statistical evaluation of the predicted soll
moisture on the SLR algorithm is compared with the existing SVM algorithm, as
shown in Table 4.2 and

4.3. Considering table 4.2 the values, the SLR algorithm shows better accuracy
with less MSE than the existing SVM algorithm.

Table 4.2  SMD based on sensor data and prediction algorithms

Date SMD based on SMD using SLR SMD using K SLR
sensor data prediction using v
04-05-2018 0.7943 0.5678 0.7432
05-05-2018 0.9489 0.7896 0.8543
06-05-2018 11436 0.9853 1.0954
07-05-2018 11334 0.9678 0.9934
08-05-2018 0.8456 0.6754 0.7643
09-05-2018 0.9564 0.8734 0.9012
10-05-2018 1.1664 0.8940 1.0543

Table 4.3  Soil Moisture based on sensor data and predicted

algorithms
SM using SMD
SMD based on | SM using SMD by
Date - by K_SLR
sensor data SLR prediction o
prediction
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04-05-2018 20.5670 21.6540 21.0987
05-05-2018 20.6543 21.8754 20.8954
06-05-2018 19.5432 20.6546 19.8765
07-05-2018 20.9876 21.3459 20.4567
08-05-2018 21.2345 22.9543 21.3456
09-05-2018 21.0864 21.9324 21.8765
10-05-2018 21.8964 22.5981 21.6574

The SLR algorithm predicts and generates the Prediction Soil Moisture (PSM)
value, comparing it with the web-based interface for real-time monitoring gives the
Ground Soil Moisture (GSM). The resultof PMD shown in Table 4.4 and Table 4.5
presents the final predicted soil moisture difference used in the smart irrigation
"AISM System," showing the effective utilization of the water from the rain
precipitation enabling productivity increase in the agriculture field. The amount of
water required for automatic irrigation (1250ml) is less compared to manual
irrigation(1550ml). Manual irrigation has a water leak. It isalways better to adopt
automatic irrigation (Bouderbala et al. 2019 and Chaudhry, S. and Garg., 2019).
Farmers in developing countries have a lack of knowledge thatproper
irrigation can gain yield. And the optimum water level is sufficient for good crop
growth. This irrigation planning system, "AISMSystem", will support the farmers in
identifying the optimal water level point and increasing their farming harvest. The
AISM System will support more on irrigation planning of the farmers during
seasons making water level usage efficient in large cultivation areas. Figure4.3

Specifies the proportionality of the yield in terms of utilized water level.
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Figure 4.4
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Thus, the sensor recording from the web portal supports visualizes the upcoming

day"s precipitation enabling well-planned irrigation.

Table 4.4 Final Predicted Soil Moisture using K_SLR algorithmwith observed sensor

data
S Predicted Soil
Predicted Soil :
Moisture
Date S(::sssxea‘:a Moisture Difference Difference
(Proposed-KSVM)) (Proposed —
K_SLR)
15-11-2018 | 1.236227211 0.9741 0.8974
16-11-2018 | 0.928945011 0.8265 0.8874
17-11-2018 | 0.681400791 0.9026 0.9134
18-11-2018 | 0.433856571 0.9632 0.9789
19-11-2018 | 1.034538866 1.0965 1.5690
20-11-2018 | 1.735615593 1.0795 1.76785
Table 4.5 Final Predicted Soil Moisture using K_SLR algorithmwith

Sensor recordings
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Sensor i i
Date Recordings Mo:te;:t;:‘f:r::ce _Predicufd sofl
For (Proposed-KSVM)) Moisture Difference
(Proposed —-K_SLR)
Soil Moisture

15-11-2018 | 25.66197279 25.6241 25.8345
16-11-2018 | 24.73302778 25.0976 25.1976
17-11-2018 | 24.05162699 24195 26.1954
18-11-2018 | 23.61777042 23.2318 23.5342
19-11-2018 | 22.58323155 22.1353 23.1353
20-11-2018 | 20.84761596 21.0358 21.2365
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Conclusion

Implementing |oT in the agriculture industry holds immense potential for optimizing
agricultural processes, increasing productivity, and promoting sustainable practices.
However, addressing challenges and implementing effective strategies are essential
for successful adoption. By leveraging the benefits of loT and considering the
recommendations provided, stakeholders can navigate the path to a digitally
transformed and efficient agriculture industry.

In this article, we will delve into the key benefits of implementing 10T in agriculture and
explore some of the most common applications of this technology. it will also discuss
the challenges associated with |oT adoption in the agriculture sector and highlight best
practices for successful implementation. By leveraging loT in agriculture, farmers can
optimize resource usage, minimize waste, and increase yields while reducing
environmental impact. However, it is essential to address data privacy, connectivity,
and interoperability concerns to ensure the seamless integration of lIoT solutions into

existing farming practices.

40



Chapter 6
Bibliography

41



10.

11.

12.

BIBLIOGRAPHY

Gubbi, J., Buyya, R., Marusic, S., & Palaniswami, M. (2013). Internet of Things
(loT): A vision, architectural elements, and future directions. Future Generation
Computer Systems, 29(7), 1645-1660.

Farooq, M. U., & Abbas, H. (2021). A review on challenges and solutions for
loT based home automation systems. Sustainable Cities and Society, 74,
103222.

Abomhara, M., & Ko, R. K. L. (2016). Internet of Things security and privacy:
Challenges and opportunities. Future Generation Computer Systems, 56, 593-
611.

Chen, T., Lu, S., & Xie, M. (2018). An loT-based smart home system for energy
management. IEEE Transactions on Consumer Electronics, 64(1), 22-29.
Ahamed, S. I., & Hossain, M. S. (2021). A comprehensive review of security
issues and solutions for loT-based smart home systems. Journal of Network
and Computer Applications, 182, 103056.

Hwang, J. H., & Lee, J. H. (2020). An loT-based home automation system with
intelligent voice recognition. IEEE Access, 8, 204766-204775.

Taheri, M., Wang, H., & Jiang, J. (2021). Privacy and security in loT-based
smart homes: A survey. ACM Transactions on Privacy and Security (TOPS),
24(2), 1-34.

Lin, S. J., & Yeh, T. C. (2021). An intelligent loT-based smart home system for
enhancing energy efficiency. Journal of Ambient Intelligence and Humanized
Computing, 12(3), 3025-3038.

Xie, J., Liu, W., Ma, W., & Guo, Y. (2020). A low-cost and intelligent loT-based
smart home system. Journal of Ambient Intelligence and Humanized
Computing, 11(10), 4369-4382.

Nguyen, L. T. B., Nguyen, H. T., Nguyen, N. P., & Le, B. D. (2020). A review of
recent advances in loT-based smart homes. IEEE Access, 8, 167181-167203.
Al-Fugaha, A., Guizani, M., Mohammadi, M., Aledhari, M., & Ayyash, M.
(2015). Internet of things: A survey on enabling technologies, protocols, and
applications. IEEE Communications Surveys & Tutorials, 17(4), 2347-2376.
Atzori, L., lera, A., & Morabito, G. (2010). The Internet of Things: A survey.
Computer Networks, 54(15), 2787-2805.

46



13. Lee, J., Bagheri, B., & Kao, H. A. (2015). A Cyber-Physical Systems
architecture for industry 4.0-based manufacturing systems. Manufacturing
Letters, 3, 18-23.

14. Gubbi, J., Buyya, R., Marusic, S., & Palaniswami, M. (2013). Internet of Things
(loT): A vision, architectural elements, and future directions. Future Generation
Computer Systems, 29(7), 1645-1660.

156. Want, R.; Schilit, B.N.; Jenson, S. Enabling the Internet of
Things. Computer 2015, 48, 28-35.

16. Chen, Y.K. Challenges and opportunities of internet of things. In Proceedings
of the 17th Asia and South Pacific Design Automation Conference, Sydney,
Australia, 30 January—2 February 2012; pp. 383-388.

17. Atzori, L.; lera, A.; Morabito, G. The internet of things: A survey. Comput.
Netw. 2010, 54, 2787-2805.

18. Ashton, K. That ‘internet of things’ thing. RFID J. 2009, 22, 97-114.

19.Li, S.; Xu, L.D.; Zhao, S. The internet of things: A survey. Inf. Syst.
Front. 2015, 17, 243-259.

20. Wu, M,; Lu, T.J.; Ling, F.Y.; Sun, J.; Du, H.Y. Research on the architecture of
Internet of Things. In Proceedings of the 2010 3rd International Conference on
Advanced Computer Theory and Engineering (ICACTE), Chengdu, China, 20—
22 August 2010; Volume 5, pp. 484—-487.

21. Madakam, S.; Ramaswamy, R.; Tripathi, S. Internet of Things (IoT): A literature
review. J. Comput. Commun. 2015, 3, 164.

22. Tan, L.; Wang, N. Future internet: The Internet of Things. In Proceedings of the
2010 3rd International Conference on Advanced Computer Theory and
Engineering (ICACTE), Chengdu, China, 20-22 August 2010; Volume 5, pp.
376-380.

23. Ray, P. A survey on Internet of Things architectures. J. King Saud Univ.—
Comput. Inf. Sci. 2018, 30, 291-319.

24. Al-Qaseemi, S.A.; Almulhim, H.A.; Almulhim, M.F.; Chaudhry, S.R. loT
architecture challenges and issues: Lack of standardization. In Proceedings of
the 2016 Future Technologies Conference (FTC), San Francisco, CA, USA, 6—
7 December 2016; pp. 731-738

47



25. Kréo, S.; Pokri¢, B.; Carrez, F. Designing loT architecture(s): A European
perspective. In Proceedings of the 2014 |IEEE World Forum on Internet of
Things (WF-loT), Seoul, Republic of Korea, 6-8 March 2014; pp. 79-84.

26. Sethi, P.; Sarangi, S.R. Internet of things: Architectures, protocols, and
applications. J. Electr. Comput. Eng. 2017, 2017, 9324035.

27. Zhang, Y.; Duan, L.; Chen, J.L. Event-Driven SOA for loT Services. In
Proceedings of the 2014 IEEE International Conference on Services
Computing, Anchorage, AK, USA, 27 June-2 July 2014; pp. 629-636.

28. Gupta, P.; Mokal, T.P.; Shah, D.D.; Satyanarayana, K.V.V. Event-Driven SOA-
Based IoT Architecture. In International Conference on Intelligent Computing
and Applications, Proceedings of the ICICA 2018, Sydney, Australia, 8-10
January 2018; Dash, S.S., Das, S., Panigrahi, B.K., Eds.; Springer: Singapore,
2018; pp. 247-258.

29. Lan, L.; Wang, B.; Zhang, L.; Shi, R.; Li, F. An Event-driven Service-oriented
Architecture for the Internet of Things Service Execution. Int. J. Online
Eng. 2015, 11, 4-8.

30. Thénes, J. Microservices. IEEE Softw. 2015, 32, 116.

31. Dragoni, N.; Giallorenzo, S.; Lafuente, A.L.; Mazzara, M.; Montesi, F.;
Mustafin, R.; Safina, L. Microservices: Yesterday, today, and tomorrow.
In Present and Ulterior Software Engineering; Springer: Berlin/Heidelberg,
Germany, 2017; pp. 195-216.

32. Newman, S. Building Microservices; O’Reilly Media, Inc.: Sebastopol, CA,
USA, 2021.

33. Josuttis, N.M. SOA in Practice: The Art of Distributed System Design; O’'Reilly
Media, Inc.: Sebastopol, CA, USA, 2007.

34. Michelson, B.M. Event-driven architecture overview. Patricia Seybold
Group 2006, 2, 10-1571.

35. Maréchaux, J.L. Combining service-oriented architecture and event-driven
architecture using an enterprise service bus. IBM Dev. Work. 2006, 12691275,
1-8.

36. Medjahed, B. Dissemination Protocols for Event-Based Service-Oriented
Architectures. IEEE Trans. Serv. Comput. 2008, 7, 155-168.

37. Lan, L.; Li, F.; Wang, B.; Zhang, L.; Shi, R. An Event-Driven Service-Oriented

Architecture for the Internet of Things. In Proceedings of the 2014 Asia-Pacific

48



38.

39.

40.

41.

42.

43.

4.

45.

46.

Services Computing Conference, Fuzhou, China, 4—6 December 2014; pp. 68—
73

Esposito, C.; Castiglione, A.; Palmieri, F.; Ficco, M.; Choo, K.K.R. A
Publish/Subscribe Protocol for Event-Driven Communications in the Internet of
Things. In Proceedings of the 2016 |IEEE 14th International Conference on
Dependable, Autonomic and Secure Computing, 14th International Conference
on Pervasive Intelligence and Computing, 2nd International Conference on Big
Data Intelligence and Computing and Cyber Science and Technology
Congress (DASC/PiCom/DataCom/CyberSciTech), Auckland, New Zealand,
8-12 August 2016; pp. 376-383.

Eugster, P.T.; Felber, P.A.; Guerraoui, R.; Kermarrec, A.M. The many faces of
publish/subscribe. ACM Comput. Surv. (CSUR) 2003, 35, 114—-131.

Barga, R.S.; Goldstein, J.; Ali, M.; Hong, M. Consistent Streaming Through
Time: A Vision for Event Stream Processing. arXiv 2006, arXiv:cs/0612115.
Cugola, G.; Margara, A. Processing Flows of Information: From Data Stream
to Complex Event Processing. ACM Comput. Surv. 2012, 44, 1-62.

Halle, S. From Complex Event Processing to Simple Event
Processing. arXiv 2017, arXiv:1702.08051.

Luckham, D.C. The Power of Events: An Introduction to Complex Event
Processing in Distributed Enterprise Systems; Addison-Wesley Longman
Publishing Co., Inc.: Upper Saddle River, NJ, USA, 2001.

Chen, C.Y.; Fu, J.H.; Sung, T.; Wang, P.F.; Jou, E.; Feng, M.W. Complex event
processing for the Internet of Things and its applications. In Proceedings of the
2014 IEEE International Conference on Automation Science and Engineering
(CASE), New Taipei, Taiwan, 18—-22 August 2014; pp. 1144-1149.
Choochotkaew, S.; Yamaguchi, H.; Higashino, T.; Shibuya, M.; Hasegawa, T.
EdgeCEP: Fully-Distributed Complex Event Processing on loT Edges. In
Proceedings of the 2017 13th International Conference on Distributed
Computing in Sensor Systems (DCOSS), Ottawa, ON, Canada, 5-7 June
2017; pp. 121-129.

Gokalp, M.O.; Kogyigit, A.; Eren, P.E. A visual programming framework for
distributed Internet of Things centric complex event processing. Comput.
Electr. Eng. 2019, 74, 581-604.

49



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Bok, K.; Kim, D.; Yoo, J. Complex Event Processing for Sensor Stream
Data. Sensors 2018, 18, 3084.

Akbar, A.; Chaudhry, S.S.; Khan, A.; Ali, A.; Rafigq, W. On Complex Event
Processing for Internet of Things. In Proceedings of the 2019 IEEE 6th
International Conference on Engineering Technologies and Applied Sciences
(ICETAS), Kuala Lumpur, Malaysia, 20-21 December 2019; pp. 1-7.

Wang, W.; Guo, D. Towards unified heterogeneous event processing for the
Internet of Things. In Proceedings of the 2012 3rd IEEE International
Conference on the Internet of Things, Wuxi, China, 24—26 October 2012; pp.
84-91.

Hasan, S.; Curry, E. Thingsonomy: Tackling Variety in Internet of Things
Events. IEEE Internet Comput. 2015, 19, 10-18.

Wang, F.; Zhou, C.; Nie, Y. Event Processing in Sensor Streams. In Managing
and Mining Sensor Data; Aggarwal, C.C., Ed.; Springer: Boston, MA, USA,
2013; pp. 77-102.

Niblett, P. Event Transformation. In Encyclopedia of Database Systems; Liu,
L., Ozsu, M.T., Eds.; Springer: Boston, MA, USA, 2009; pp. 1064—1068.

Lan, L.; Shi, R.; Wang, B.; Zhang, L.; Jiang, N. A Universal Complex Event
Processing Mechanism Based on Edge Computing for Internet of Things Real-
Time Monitoring. /EEE Access 2019, 7, 101865-101878.

Soffer, P.; Hinze, A.; Koschmider, A.; Ziekow, H.; Di Ciccio, C.; Koldehofe, B.;
Kopp, O.; Jacobsen, A.; Surmeli, J.; Song, W. From event streams to process
models and back: Challenges and opportunities. Inf. Syst. 2019, 81, 181-200.
Stojanovic, N.; Stojanovic, L.; Xu, Y.; Stajic, B. Mobile CEP in Real-Time Big
Data Processing: Challenges and Opportunities. In Proceedings of the 8th
ACM International Conference on Distributed Event-Based Systems, DEBS
14, New York, NY, USA, 24-28 June 2014; pp. 256—-265.

Gkoulis, D.; Bardaki, C.; Politi, E.; Routis, |.; Nikolaidou, M.; Dimitrakopoulos,
G.; Anagnostopoulos, D. An Event-based Microservice Platform for
Autonomous Cyber-Physical Systems: The case of Smart Farming. In
Proceedings of the 2021 16th International Conference of System of Systems
Engineering (SoSE), Vasteras, Sweden, 14-18 June 2021; pp. 31-36.

Chun, S.; Jung, J.; Jin, X; Cho, G.; Shin, J.; Lee, K.H. Short paper: Semantic
URI-based event-driven physical mashup. In Proceedings of the 2014 |IEEE

50



World Forum on Internet of Things (WF-IoT), Seoul, Republic of Korea, 6-8
March 2014; pp. 195-196.

58. Mazon-Olivo, B.; Hernandez-Rojas, D.; Maza-Salinas, J.; Pan, A. Rules engine
and complex event processor in the context of internet of things for precision
agriculture. Comput. Electron. Agric. 2018, 154, 347-360.

59. da Costa Bezerra, S.F.; Filho, A.S.M.; Delicato, F.C.; da Rocha, A.R.
Processing Complex Events in Fog-Based Internet of Things Systems for
Smart Agriculture. Sensors 2021, 21, 7226.

60. Kodali, R.K.; Jain, V.; Karagwal, S. loT based smart greenhouse. In
Proceedings of the 2016 IEEE Region 10 Humanitarian Technology
Conference (R10-HTC), Agra, India, 21-23 December 2016; pp. 1-6.

671. White, G.; Nallur, V.; Clarke, S. Quality of service approaches in loT: A
systematic mapping. J. Syst. Softw. 2017, 132, 186-203.

62. Singh, M.; Baranwal, G. Quality of Service (QoS) in Internet of Things. In
Proceedings of the 2018 3rd International Conference On Internet of Things:
Smart Innovation and Usages (loT-SIU), Bhimtal, India, 23-24 February 2018;
pp. 1-6.

63. Bures, M.; Bellekens, X.; Frajtak, K.; Ahmed, B.S. A Comprehensive View on
Quality Characteristics of the IoT Solutions. In 3rd EAI International
Conference on loT in Urban Space; José, R., Van Laerhoven, K., Rodrigues,
H., Eds.; Springer: Cham, Switzerland, 2020; pp. 59-69.

64. Subash, K.; Ramya, D.J.; Arockiam, L. Quality of Service in the Internet of
Things (loT)-A Survey, ReTelLL: Tiruchirappalli, India, 2019.

51



Website : www.arkajainuniversity.ac.in

Email : info@arkajainuniversity.ac.in

Admainnianm MALca s N N0 MNaninbh Arc~Ada

A jochmvohdany
Registrar

ARKA JAIN University
Jharkhand



	INTRODUCTION
	1.1 CONCEPT INTRODUCTION
	1.2 OPERATIONAL DEFINITION
	1.3 NEED FOR STUDY
	1.4 STATEMENT OF THE PROBLEM
	1.5 OBJECTIVES OF THE STUDY
	1.6 SCOPE OF THE STUDY
	1.7 METHODOLOGY

	REVIEW OF LITERATURE
	CHAPTER-3
	3.2 Smart Irrigation System
	CHAPTER-4
	DATA ANALYSIS

	Table 4.2 SMD based on sensor data and prediction algorithms
	Figure 4.4 Irrigation reflection the yield (Charan and Karande 2014)
	Table 4.4 Final Predicted Soil Moisture using K_SLR algorithm with observed sensor data
	CHAPTER-5
	CONCLUSION

	Chapter 6
	Bibliography
	BIBLIOGRAPHY


