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The chapter starts with a focus on the current scenario of the digitalization in agriculture space. It pinpoints
the reason behind the need and explains the emergence of new Agtech-based startups that work on new
innovative digital technologies. The chapter also tries to discuss the post-COVID implications along
with the merits of digitalization in the agricultural domain. Apart from this, it also discusses different
aspects of the digitalization on the agriculture space in general that includes the concept of telematics,
precision farming, blockchain, artificial intelligence, etc. At last, some of the main challenges like the
issue of connectivity, interoperability, portability, and need of public and private sector cooperation
were discussed.
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Agriculture is the oldest and most dynamic occupation throughout the world. Since the population of
world is always increasing and land is becoming rare, there evolves an urgent need for the entire society
to think inventive and to find new affective solutions to farm, using less land to produce extra crops
and growing the productivity and yield of those farmed acres. Agriculture is now turning to artificial
intelligence (AI) technology worldwide to help yield healthier crops, track soil, manage pests, growing
conditions, coordinate farmers’ data, help with the workload, and advance a wide range of agricultural
tasks across the entire food supply chain.
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In this chapter, the author describes the main new challenges and opportunities of blockchain technology
for digital economy in Russia. The study in Russia showed that the Russian research community has not
addressed a majority of these challenges, and he notes that blockchain developer communities actively
discuss some of these challenges and suggest myriad potential solutions. Some of them can be addressed
by using private or consortium blockchain instead of a fully open network. In general, the technological
challenges are limited at this point, in terms of both developer support (lack of adequate tooling) and
end-user support (hard to use and understand). The recent advances on developer support include efforts
by of the towards model-driven development of blockchain applications sliding mode in intellectual
control and communication and help the technological challenges and created tools. The chapter shows
how avatars may communicate with each other by utilizing a variety of communications methods for
sustainable farming and smart agriculture.

Chapter 4

Digital Technologies for Smart AGriCUItUIE ..........cooiiriiriiniiiiieeee e 54
Garima Singh, Delhi Technological University, Delhi, India
Gurjit Kaur, Delhi Technological University, Delhi, India

This chapter will provide the reader with an introduction to the modern emerging technologies like cloud
computing, machine learning, and artificial intelligence used in agriculture. Then a glimpse of complete
crop cycle follows, including seven steps, namely crop selection, soil preparation, seed selection, seed
sowing, irrigation, crop growth, fertilizing and harvesting; and how these digital technologies are helpful
for the crop cycle is also explained in this chapter. The rest of the chapter will explain the merger of
the modern digital technologies with the agricultural crop cycle and how the future farming will work.

Chapter 5
Farming AULOMIAION .......ceeuiiiiieeiiteeieeetee et te et e ettt ettt e sateesabtesbteebee e steesateesabeesabeesnbaesbteessseesaseesaseean 68
Kavita Srivastava, Institute of Information Technology and Management, Delhi, India

Farming automation requires a whole lot of new skills and use of technology for achieving a substantial
increase in the crop yield. Smart farming enables the use of technology in tracking, monitoring, and
analyzing various farming operations. Internet of things (IoT) platform is formed with sensors and actuators,
cameras and drones, telecommunication technologies, edge devices, cloud servers, and specialized hardware
and software. This chapter will discuss the available hardware and software technology elements that
can be used in farm automation. The chapter is comprised of four sections. The first section provides an
overview of precision agriculture and smart farming. The second section provides the literature review
of existing research. The third section describes IoT techniques, sensors, and cloud and edge computing
solutions for the implementation of smart farming. The fourth section provides a few case studies of the
application of IoT in smart farming. Specifically, the chapter will describe the IoT platform solution for
complete farm automation.
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The fourth industrial revolution is a prospective innovation path for human life to possibly replace
human intelligence and manual labour with artificial intelligence and robotics. The concept of 4IR is
being embraced and applied in all sectors of human life. The academics are researching intensely into
the revolution, while industry captain braces up to the inevitable and fast implementation in energy,
automobile, telecommunication, services, security, medicine, and other industrial sectors. Agriculture
and food sector, which is termed Food 4.0, being the highest employer of human resources, is a major
sector that is expected to benefit tremendously from the concept and application of 4IR in driving the
sector into the new era of development.

Chapter 7

Emerging Technological Model to Sustainable Agriculture...........cccvevveeriieriiieeiie et 101
Palanivel Kuppusamy, Pondicherry University, India
Suganthi Shanmugananthan, Annamalai University, India
Pradeep Tomar, Gautam Buddha University, India

The agricultural sector has witnessed significant technological transformations over the last few decades.
The state-of-the-art technologies are transforming the traditional agriculture models into digital agriculture.
From these technologies, conventional agriculture has evolved and shifted towards a smart agriculture
system. In a smart agriculture system, farmers can collect and analyze the collected data to fertilize and
tend their crops. The smart agriculture system provides economical and more accurate ways to predict
and protect crop growth. The incorporation of these technologies digitalizes the agricultural industry by
increasing profits, reducing waste, improving efficiency, and becoming sustainable. This chapter aims
to study the state-of-the-art technologies used in the agriculture sector and proposes a smart agriculture
model using these technologies.

Chapter 8

Synergistic Technologies for Precision AGriCulture ..........ooceeviiieriiiiiiiienieeieeeeesieeeee et 123
Moses Oluwafemi Onibonoje, Afe Babalola University, Ado-Ekiti, Nigeria
Nnamdi Nwulu, University of Johannesburg, South Africa

Precision agriculture (PA) as a concept allows input optimization by farmers and food producers in order
to improve productivity and enhance quality yields while minimizing costs and environmental impacts.
Developed countries typically identify with precision agriculture due to very large sizes of farms and the
possibility of mechanized systems of crop production. The method involves the data collection, analysis,
and plotting on productivity, soil quality parameters, and environmental levels at different locations within
the field to decide on the amounts of the applicable inputs (such as water, nutrients, and fertilizers) to
the field. In most developing countries, precision agriculture technology is still largely missing. The
field sizes are smaller, and technology access, training, and financial capital are still grossly limited.
Nonetheless, the farmers in the developing countries still explore the available resources and means at
their disposal to increase their agricultural production and productivity.
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Scarcity of water resources due to increased demand as a result of exponential increase in population
leading to accelerated requirement of food and industrial goods has led to a situation where many countries
are facing severe water crisis. About 70% of water is being used for irrigation. As a result of this, in many
cases untreated wastewater is also used for irrigation which further poses various threats to human health.
Various studies have proposed that applying information technology in the irrigation techniques can
help in reducing the water consumption in the farms. The smart farming techniques developed through
the use of information technology can help the farmer in managing the water resources, reducing the
wastage of water and to even measure the quality of water. Smart farming techniques can aid in solving
biggest crisis and can help in attaining sustainable development goals.

Chapter 10
Smart Agriculture With Autonomous Unmanned Ground and Air Vehicles: Approaches to
Calculating Optimal Number of Stops in Harvest Optimization and a Suggestion...........c..ccecueeuee.e. 151
Alparslan Guzey, Istanbul University, Turkey
Mehmet Mutlu Akinci, Erzurum Technical University, Turkey
Haci Mehmet Guzey, Erzurum Technical University, Turkey

This study researches smart agriculture and its components, robotic systems and machine learning
algorithms, development of agricultural robots, and their effects on the industry. In application, it is
aimed to collect the harvest of autonomous unmanned aerial vehicles and UGVs in communication with
each other by means of time minimization of the target. It wanted to be tested with different approaches
for an optimal number of stops by using particle swarm optimization. Deterministic, binary mixed (0-1)
integer modeling was used to determine the optimal picking time of the apples allocated to the stalls with
the k-means method. With this modeling, it has been determined which unmanned aerial vehicle will be
collected and how it is calculated whether the air vehicle has collected the apple or not using 0-1 binary
modeling. The route of the unmanned UGV was made by using the nearest neighbor, nearest insertion,
and 2-opt methods. This study has been extended and reviewed by the summary paper at International
OECD Studies Conference March 2020, Ankara, Turkey.

Chapter 11

Smart Sensors for SMart AGTICULITUIE........ccuiiviiiiiiiieie ettt et et esbeesbeeens 175
Puja Priya, Delhi Technological University, India
Gurjit Kaur, Delhi Technological University, India

Agriculture is the primitive and crucial occupation for the people. Urbanization, which indirectly affected
the lives of people in the agricultural sector by increasing level of environmental pollution, climate change,
degradation of soil and water quality, increasing population, decreasing income from the farming industry,
etc. come as a new challenge and makes mass migration of rural people to the cities. To overcome this
problem, new technologies are emerging that play a pivotal role in developing smart agriculture based on
IoT technology by using smart sensors. Smart agriculture helps improve crop yield, livestock tracking,
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soil moisture monitoring, remote water tank level monitoring, temperature, and humidity sensing, the
security of farmland, monitoring the environmental conditions, and equipment tracking. This helps
farmers protect and monitor their property remotely, etc. Internet of things (IoT)-based smart sensors is
the new technique for the smart agriculture system. [oI-based smart agriculture system consists of various
sensor nodes placed in different locations, internet service, smart remote devices, or computer systems
with the internet that monitor the operation of sensor nodes, WiFi, a camera with a microcontroller, and
different interfacing sensing nodes for service. Some of the examples of such sensors are temperature
sensors for temperature sensing, soil moisture sensors to check the moisture content in the soil, PIR
sensors used in the detection of animals, people and other objects present in the farm field, GPS-based
remote control robots that perform spraying, weeding, security, moisture sensing, etc. This chapter will
have the following sequence introduction of the agriculture sector with the problems it is facing now
and a new technique to overcome the current issues, need of IoT in the agriculture sector, the link of IoT
technique with wireless sensor network in full detail study of IoT-based system, IoT-based applications,
benefits of IoT technique in the agriculture sector, and future scope.

Chapter 12
Smart Agriculture Using WSN and I0T ......c..coooiriiiininiiiiiinintceeceeectceeeteee s 192
Vijay Kumar Burugari, Koneru Lakshmaiah Education Foundation, K. L. University, India
Prabha Selvaraj, VIT-AP University, India
Kanmani Palaniappan, K. S. Rangasamy College of Technology, Anna University, Chennai,
India

In India, the agriculture sector has an adverse effect and day by day the crop production is getting
reduced. So, it is important to identify and implement a solution for the problem in order to increase
the production. Smart technologies are introduced in this domain to improve the agriculture industry.
The technologies like 10T, big data, cloud-based services, and GPS are gaining its importance in the
field of agriculture. There is a rising need due to the requirement of higher precision in crop analysis,
transformation of live data from the field and automated farming techniques for further improvement.
The expected result of this is to have smart agriculture industry with the implementation of these smart
techniques. In this chapter, the authors have discussed the challenges and benefits of IoT and various
types of sensor for data acquisition.

Chapter 13

Smart Soil Monitoring System for Smart Ariculture............ccoceeiiiviiniiiniiiniieeieeee e 213
Rekha Rani, Delhi Technological University, Delhi, India
Gurjit Kaur, Delhi Technological University, India
Prabhjot Singh, Salesforce, San Francisco, USA

Accurate and timely information is crucial to optimize resources. Sensors determine clay, organic matter,
moisture, and nutrients of soil. Sensors at various locations are connected using different technologies.
Its data will be automatically reported to cloud without any internet connection. Sensors broadcast data
to local base stations (LBS) at different ranges of distances using WiFi, LPWAN, LoRa, Bluetooth, etc.,
and then to central base station (CBS), which is far away. Modulation, coding techniques, and line of
sight keeps signal intact. Data from CBS goes to cloud for analysis, visualization, and trend analysis.
This helps farmers to get frequent and real-time data without actual need of physical presence. It reduces
manpower, water usage, and other costs of agriculture and has positive environmental impact. Integration
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with other data like weather forecasts gives more precise information. Convergence of technologies,
sensors, cloud, automation, etc. without human interaction contributes to IoT.

Chapter 14

Real-Time Crop Monitoring in AGrICUITUIE ...........oocuiiiiiiiiiieie ettt 230
Sumit Pahuja, Delhi Technological University, Delhi, India
Garima Singh, Delhi Technological University, Delhi, India
Prabhjot Singh, Salesforce, USA

In many countries like India, farming is done using indigenous methods. Because of lack of proper
knowledge in our farmers, the state of the agricultural sector becomes even more critical. Since the
farming methodologies rely mostly on weather forecasts and predictions which might not be foolproof,
most often the farmers incur huge losses leading to debts and mass farmer suicides. Adequate soil
moisture, soil quality, air quality, and proper irrigation play a major role in the yield of crops, and hence,
such factors cannot be overlooked. A major concern now is the exploding population due to which the
agricultural supplies are not meeting the ever-increasing demand. The world’s population is expected to
cross nine billion marks by 2050 due to which the agricultural supply should increase at least by 70%
to meet the requirement. To achieve this, it’s necessary to monitor the plant growth at all stages starting
from sowing until cultivation.

Chapter 15

WSN, APSim, and Communication Model-Based Irrigation Optimization for Horticulture Crops

TN REAL TIIME ...ttt ettt ettt ettt e bt et e bt et e eatesatesatesatesaeeeaees 243
Balakrishna K., Maharaja Institute of Technology, Mysore, India

The use of wireless sensor networks, the internet of things, and advanced technologies lead to new
direction of research in the agriculture domain called prescriptive agriculture. Prescriptive agriculture
is the enforcement of precision agriculture, which is observing, measuring, and responding to inter and
intra field variability of farm field. In this chapter, the advent of wireless sensor network, APSim, and
communication model spurred a new direction in the farming domain at optimizing irrigation. Sensors
are programmed to collect the datasets of climatic parameters such as relative humidity and temperature,
where the datasets were forwarded to the server through a GSM module. Datasets collected were analyzed
through statistical software for grown crops by considering inter and intra farm field conditions. Finally,
information on irrigation is decimated through an algorithm designed by way2SMS and WebHost server.

Chapter 16

Using Drones in Smart FArMING ..........ccooviveiiiiriieiiie ettt see et esveesteessseeesseeenseennnes 255
Padmapriya N., IFET College of Engineering, India
Aswini R., IFET College of Engineering, India
Kanimozhi P., IFET College of Engineering, India

Smart farming is the one area that has dependably been entrusted with giving nourishment to the world.
With the consistently expanding populace, the horticultural segment needs to ensure that it copes with
technology in order to build the measure of yield to meet the nourishment prerequisites of the world. To
build the produce from farming, every single agrarian partner needs to accordingly get rid of customary
rural practices and grasp current horticultural practices that will upset the field of agribusiness. One of
these innovations that are intended to alter the field of agribusiness is the fuse of drones into cultivating.
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Drones can help famers in a range of tasks from analysis and planning to the real planting of yields and
the ensuing observing of fields to find out wellbeing and development. This aim of this chapter is to
provide an overview of how drones can help take agriculture to new sustainability heights.

Chapter 17

Disease Monitoring of Cucumber in Polyhouse Through IoT-Based Mobile Application................. 273
Hemalatha R., Sri Sivasubramaniya Nadar College of Engineering, India
Radha S., Sri Sivasubramaniya Nadar College of Engineering, India
Muthumeenakshi K., Sri Sivasubramaniya Nadar College of Engineering, India

Most countries have an economy that is dependent on agriculture—either in a magnificent or small way,
from employment generation to national income contribution—implying that agriculture is inevitable.
Polyhouse farming is a new and widely accepted method of farming in the present days. The polyhouse
is made in such a way that it can provide water and fertilizers in required amounts in a controlled manner,
which can result in high yields. Polyhouse requires severe monitoring of crops as stagnant air, and lack
of air circulation will lead to breeding of insects and materialistic loss. Hence, this chapter proposes
an IoT-based disease-monitoring prototype for an agricultural/polyhouse application. The prototype is
designed and tested to identify the disease onset in cucumbers. This work initially focuses on recognizing
the critical cucumber diseases in polyhouse using NodeMCU and Raspberry-Pi-based hardware model.
The decisions to be made and the major changes in the sensed parameters if any will be intimated to the
farmers using a specifically designed mobile application.

Chapter 18

Artificial Intelligence in Integrated Pest Management .............ccoceeeeviinienienienienie et 289
Mert Demirel, Bursa Uludag University, Turkey
Nabi Alper Kumral, Bursa Uludag University, Turkey

Climate change, the increase in the international exchange of infested materials, and pest control problems
cause unpredictable pest outbreaks faced by farmers. To overcome these problems, a sustainable pest
control tactic, integrated pest management (IPM), which is providing the effective use of natural resources,
is needed. IPM is an ecologically based control management strategy that considers all factors (i.e.,
natural enemies, economic thresholds, plant susceptibility and breeding factors, pest biology, and climatic
conditions). InIPM, expert staff constitutes the essential element. The expert plays arole in system design,
monitoring ecological factors, and decision-making mechanisms. For sustainable pest management, it is
possible to perform the routine processes such as monitoring biological and environmental components
and choosing the appropriate time and method through artificial intelligence. In this chapter, the use
of artificial intelligence in IPM and information about algorithms, tools, methods used in artificial
intelligence will be explained.

Chapter 19

Application of Convoluted Neural Network and Its Architectures for Fungal Plant Disease

DIBLECTION ...ttt ettt sttt ettt sttt et sat e st e e b st e eate st sate st eae 314
K. Bhargavi, Siddaganga Institute of Technology, India
B. Sathish Babu, R. V. College of Engineering, India

Eighty-five percent of the plants are affected by diseases caused by organisms like fungus, bacteria, and
virus, which devastate the natural ecosystem. The most common clues provided by the plants affected
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by fungal diseases are defaming of the plant color. In literature, several traditional rule-based algorithms
and normal image processing techniques are used to identify the fungal plant diseases. However, the
traditional approach suffers from poor disease identification accuracy. Convoluted neural network (CNN)
is one of the potential deep learning neural networks used for image recognition and classification in
plant pathology. In this chapter, some of the potential CNN architectures used for plant disease detection
like LeNet, AlexNet, VGGNet, GoogleNet, ResNet, and ZFnet are discussed with the architecture and
advantages. The efficiencies achieved by ResNet and ZFNet are found to be good in terms of accuracy
and error rate.

Chapter 20

Deep Learning Applications in Agriculture: The Role of Deep Learning in Smart Agriculture ....... 325
Hari Kishan Kondaveeti, VIT-AP University, Andhra Pradesh, India
Gonugunta Priyatham Brahma, VIT-AP University, Andhra Pradesh, India
Dandhibhotla Vijaya Sahithi, VIT-AP University, Andhra Pradesh, India

Deep learning (DL), a part of machine learning (ML), comprises a contemporary technique for processing
the images and analyzing the big data with promising outcomes. Deep learning methods are successfully
being used in various sectors to gain better results. Agriculture sector is one of the sectors that could
be benefitted from the deep learning techniques since the current agriculture techniques cannot keep up
with the rapid growth in population. In this chapter, the recent trends in the applications of deep learning
techniques in the agricultural sector and the survey of the research efforts that employ deep learning
techniques are going to be discussed. Also, the models that are implemented are going to be analyzed
and compared with the other existing models.

Chapter 21

Development of a Solar-Powered Greenhouse Integrated With SMS and Web Notification Systems346
Lungelihle Jafta, University of Johannesburg, South Africa
Nnamdi Nwulu, University of Johannesburg, South Africa
Eustace Dogo, University of Johannesburg, South Africa

Energy for heating and cooling is among the biggest costs in greenhouse crop production. This has led
to a rethink on energy-saving strategies, including the demand for solar energy as a viable renewable and
sustainable choice for greenhouse farming. This chapter presents the development of a solar-powered
system leveraging on internet of things and GSM technologies for sensing, controlling, and maintaining
optimal climatic parameters inside a greenhouse. The proposed systemis designed to automatically measure
and monitor changes in temperature, humidity, soil moisture, and the light intensity. The strategy utilized
in the design framework provides the user with the information of the measured parameters online and
via SMS regardless of their geographical location. The chapter also incorporates a mechanism to self-
regulate the climatic condition inside the greenhouse, suitable for the plant growth. Such a system can
help improve the quantity and quality of crops grown in a greenhouse. Tests carried out on the system
prove its effectiveness according to the design considerations.
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Xix

Preface

Agriculture plays an essential role in the growth and development of the world. By the year 2050 world
population is expected to hit several 960 crores. It will be required to produce double the quantity of food
than now being produced. To fulfil the human requirements, it will be required to revolutionize a new
agricultural era by introducing advanced technologies to the field and bringing them on the same plat-
form by using modern digital technologies. Agriculture is the backbone of every country and economy.
Smart Farming through IoT technology could empower farmers to upgrade profitability going from the
amount of manure to be used to the quantity of water for irrigating their fields and also help them to
decrease wastage.

This book aims to explore various applications, techniques and use of future ICT in smart agriculture
by exploring the new technical, functional, non-functional future smart technologies for smart agriculture.
This book aims to identify and discuss smart agriculture capabilities, demonstrating critical technology
solutions to make agriculture smart and efficient. The ultimate objective of this book is to determine
whether these management systems are cost-effective in reducing input costs (including labour) and
whether they improve water and nutrient application efficiency and minimize the environmental effects
of production practices.

The chapters of this book are written by experienced researchers and specialists from all over the
world, providing a unique gathering of information relating to the role. The significance and impact
of smart agriculture technologies are also discussed very effectively. This book will provide valuable
knowledge and insights to a vast spectrum of readers at different hierarchical levels, from graduate to
researcher students, and also beneficial to incorporate all the discussed systems into practical use. This
book is divided into twenty-one chapters where each chapter has a distinct focus.

Chapter 1. Digitization in Agriculture: Insight Into the Network World

The chapter starts with a focus on the current scenario of the digitalization in agriculture space. It pin-
points the reason behind the need and explains the emergence of new startups that work on new innova-
tive digital technologies. The chapter also tries to discuss the post COVID implications along with the
merits of digitalization in the agricultural domain. Apart from this, it also discusses different aspects of
the digitalization on the agriculture space in general that includes the concept of telematics, precision
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farming, blockchain, artificial intelligence, etc. At last, some of the main challenges like the issue of con-
nectivity, interoperability, portability & need for public and private sector cooperation were discussed.

Chapter 2. Artificial Intelligence and Its Applications in
Agriculture With Future of Smart Agriculture Techniques

In this chapter, authors discussed how agriculture is now turning to Artificial Intelligence (Al) technology
worldwide which help yield healthier crops, track soil, manage pests, growing conditions, coordinate
farmers data, help with the workload, and advance a wide range of agricultural tasks across the entire
food supply chain.

Chapter 3. Artificial and Natural Intelligence Techniques as an loP and loT-
Based Technologies for Sustainable Farming and Smart Agriculture

In this chapter, authors describe the new challenges and opportunities of blockchain technology for the
Digital Economy in Russia. Their study in Russia showed that the Russian research community has
not addressed a majority of these challenges, albeit they note that blockchain developer communities
actively discuss some of these challenges and suggest a myriad of potential solutions. Some of them can
be addressed by using private or consortium blockchain instead of a fully open network. In general, the
technological challenges are limited at this point, in terms of both developer support (lack of adequate
tooling) and end-user support (hard to use and understand). Their recent advances in developer support
include efforts by the towards model-driven development of blockchain applications sliding mode in
intellectual control and communication, help the technological challenges & created tools.

Chapter 4. Digital Technologies for Smart Agriculture

This chapter provides the reader with an introduction to the modern emerging technologies like cloud
computing, machine learning, and artificial intelligence used in agriculture. Then a glimpse of the
complete crop cycle follows, including seven steps namely: crop selection, soil preparation, seed selec-
tion, seed sowing, irrigation, crop growth, fertilizing, harvesting, and how these digital technologies are
helpful crop cycle is also explained in this chapter.

Chapter 5. Farming Automation

Farming Automation requires a whole lot of new skills and the use of technology for achieving a sub-
stantial increase in the crop yield. Smart farming enables the use of technology in tracking, monitoring,
and analysing various farming operations. Internet of Things (IoT) platform is formed with sensors and
actuators, cameras and drones, telecommunication technologies, edge devices, cloud servers, and spe-
cialized hardware and software. This chapter will discuss the available hardware and software technol-
ogy elements that can be used in Farm Automation. The chapter is comprised of four sections. The first
section provides an overview of Precision Agriculture and Smart Farming. The second section provides
the literature review of existing research. The third section describes IoT techniques, sensors, and cloud
and edge computing solutions for the implementation of Smart Farming. The fourth section provides a

XX
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few case studies of the application of IoT in Smart Farming. Specifically, the chapter will describe the
IoT platform solution for complete farm automation.

Chapter 6. Food 4.0: An Introduction

The fourth industrial revolution is a prospective innovation path for human life to possibly replace
human intelligence and manual labour with artificial intelligence and robotics. The concept of 4IR is
being embraced and applied in all sectors of human life. The academics are researching intensely into
the revolution, while industry captain braces up for the inevitable and fast implementation in energy,
automobile, telecommunication, services, security, medicine, and other industrial sectors. The agriculture
and food sector, which is termed food 4.0, being the highest employer of human resources, is a major
sector that is expected to benefit tremendously from the concept and application of 4IR in driving the
sector into the new era of development.

Chapter 7. Emerging Technological Model to Sustainable Agriculture

Agriculture is undergoing a new technology that revolves around the world. This agricultural industry has
witnessed major technological transformations over the last few decades. The state-of-the-art technolo-
gies are disrupting agriculture and transforming their traditional models into digital ones. From state-
of-the-art technologies, traditional agriculture evolved and shifted towards a smart agriculture system.
In a smart agriculture system, farmers can collect and analyse data to fertilize and tend their crops. The
smart agriculture system provides cost-effective and highly accurate ways to predict and protect the
growth of crops. The incorporation of state-of-the-art technologies essentially digitalizes the agricultural
industry improving profits, decreasing waste, improving efficiency, and becoming more sustainable. The
objective of this chapter is to study the state-of-the-art technologies used in agriculture and propose a
technology model for a smart agriculture system.

Chapter 8. Synergistic Technologies for Precision Agriculture

Precision agriculture (PA) as a concept, allows input optimization by farmers and food producers to
improve productivity and enhance quality yields while minimizing costs and environmental impacts.
Developed countries typically identify with precision agriculture due to very large sizes of farms and the
possibility of mechanized systems of crop production. The method involves the data collection, analysis,
and plotting on productivity, soil quality parameters, and environmental levels at different locations within
the field, to decide on the amounts of the applicable inputs (such as water, nutrients, and fertilizers) to
the field. In most developing countries, precision agriculture technology is still largely missing. The field
sizes are smaller, technology access, training, and financial capital are still grossly limited. Nonetheless,
the farmers in the developing countries still explore the available resources and means at their disposal
to increase their agricultural production and productivity.

Chapter 9. Use of Smart Farming Techniques to Mitigate Water Scarcity

In this chapter, the author discussed the smart farming techniques developed through the use of infor-
mation technology that can help the farmer in managing the water resources, reducing the wastage of

XXi

printed on 2/14/2023 6:08 AMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Preface

water, and even measure the quality of water. Smart farming techniques can aid in solving the biggest
crisis and can help in attaining sustainable development goals.

Chapter 10. Smart Agriculture with Autonomous Unmanned
Ground and Air Vehicles: Approaches to Calculating Optimal
Number of Stops in Harvest Optimization and a Suggestion

This chapter aims to research smart agriculture and its components, robotic systems and machine learning
algorithms, the development of agricultural robots, and their effects on the industry. In application, it is
aimed to collect the harvest of autonomous unmanned aerial vehicles and UGVs in communication with
each other using time minimization of the target. Deterministic, Binary Mixed (0-1) Integer modelling
was used to determine the optimal picking time of the apples allocated to the stalls with the K-Means
method. With this modelling, it has been determined which unmanned aerial vehicle will be collected
and how it is calculated whether the air vehicle has collected the apple or not using 0-1 Binary model-
ling. The route of the unmanned UGV was made by using the Nearest Neighbour, Nearest Insertion,
and 2-Opt methods.

Chapter 11. Smart Sensors for Smart Agriculture

IoT-based smart agriculture system consists of various sensor nodes placed in different locations, internet
service, smart remote devices, or computer systems with the internet that monitor the operation of sen-
sor nodes, WiFi, a camera with a microcontroller, and different interfacing sensing nodes for service.
Some of the examples of such sensors are temperature sensors for temperature sensing, soil moisture
sensors to check the moisture content in the soil, PIR sensors used in the detection of animals, people,
and other objects present in the farm field, GPS based remote control robots that perform spraying,
weeding, security, moisture sensing, etc. This chapter will have the following sequence introduction of
the agriculture sector with the problems it is facing now and a new technique to overcome the current
issues, need of IoT in the agriculture sector, the link of IoT technique with wireless sensor network in
full detail study of IoT based system, [oT based applications, benefits of IoT technique in the agriculture
sector and future scope.

Chapter 12. Smart Agriculture Using WSN and loT

In this chapter, the author discussed the challenges and benefits of 16T and various types of sensors for
data acquisition. The IoT technologies have led to great benefits to the farmers and also improved the
crop production rate and reduction in cost. The different data acquisition sensors and their usage in the
field of agriculture is discussed. The integration of these technologies with Al and other data mining
methods will lead to the creation, innovation, and implementation of new ideas for efficient production
and marketing.

Chapter 13. Smart Soil Monitoring System for Smart Agriculture

Accurate and timely information is crucial to optimize resources. Sensors determine clay, organic matter,
moisture, and nutrients of the soil. Sensors at various locations are connected using different technologies.

xXii
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Its data will be automatically reported to the cloud without any internet connection. Sensors broadcast
data to local base stations (LLBS) at different ranges of distances using WiFi, LPWAN, LoRa, Bluetooth,
etc, and then to the central base station (CBS) which is far away. Modulation, coding techniques, and
Line of Sight keeps signal intact. Data from CBS goes to the cloud for analysis, visualization, and trend
analysis. This helps farmers to get frequent and real-time data without the actual need for physical pres-
ence. It reduces manpower, water usage, and other costs of agriculture and has a positive environmental
impact. Integration with other data like weather forecasts gives more precise information. The conver-
gence of technologies, sensors, cloud, automation, etc without human interaction, contributes to IoT.

Chapter 14. Real-Time Crop Monitoring in Agriculture

In this chapter Real-time crop monitoring in agriculture is discussed. Using this technology, one can
monitor the various activities in the field like Moisture monitoring, water level monitoring, temperature
monitoring, crop state monitoring, weeds monitoring, natural activity monitoring, etc. This innovative
idea will be constructive in the agroindustry due to its remote monitoring nature and high dependability.
The crop monitoring system can be developed by technologies like IoT, Wireless Communications, ML,
and Al

Chapter 15. WSN, APSim, and Communication Model-Based
Irrigation Optimization for Horticulture Crops in Real Time

The use of wireless sensor networks, the internet of things, and advanced technologies lead to a new
direction of research in the agriculture domain called prescriptive agriculture. Prescriptive agriculture
is the enforcement of Precision agriculture, which is observing, measuring, and responding to inter and
intra field variability of the farm field. In this paper, the advent of Wireless Sensor Network, APSim, and
Communication model spurred a new direction in the farming domain at optimizing irrigation. Sensors
are programmed to collect the datasets of climatic parameters such as relative humidity and temperature,
where the datasets were forwarded to the server through a GSM module. Datasets collected were analysed
through Statistical software for grown crops by considering inter and intra farm field conditions. Finally,
information on irrigation is decimated through an algorithm designed by way2SMS and WebHost server.

Chapter 16. Using Drones in Smart Farming

This chapter presents as an eye-opener for industry and farming for advancement and incorporation of
more drones for making farming tasks better and thus yielding the best harvest quality in the future. This
chapter aims to provide an overview of how drones can help take agriculture to new sustainability heights.

Chapter 17. Disease Monitoring of Cucumber in Polyhouse
Through loT-Based Mobile Application

This chapter describes the Polyhouse technology. This is the technique that provides a favourable environ-
ment condition to the plants. It is used to protect plants from adverse climatic conditions such as wind,
cold, precipitation, excessive radiation, extreme temperature, insects, and diseases. It allows precision
farming and overcomes the limitations of the space and disadvantages of climate change. The choice

XXiii

printed on 2/14/2023 6:08 AMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Preface

of crop to be raised in polyhouse is made based on the size of the structure, the economics of the crop
production, and income generated (profit). In this work, the sensors are interfaced with NodeMCU and
the camera is interfaced with Raspberry Pi.

Chapter 18. Artificial Intelligence in Integrated Pest Management: Al in IPM

In this chapter, the author discussed the importance of artificial intelligence in Integrated Pest Manage-
ment (IPM) and also discussed various algorithms, tools, methods of artificial intelligence. IPM requires
intensive field observation, trained staff, and data mining. In this context, it has emerged that the use of
artificial intelligence (AI) algorithms is a necessity for controlling, tracking, and using these agricultural
inputs at the optimal times.

Chapter 19. Application of Convoluted Neural Network and
Its Architectures for Fungal Plant Disease Detection

Eighty-five percent of the plants are affected by diseases caused by fungal organisms like fungus, bacte-
ria, and viruses which devastate the natural ecosystem. The most common clues provided by the plants
affected by fungal diseases are the defaming of the plant colour. In literature, several traditional rule-
based algorithms and normal image processing techniques are used to identify the fungal plant diseases.
However, the traditional approach suffers from poor disease identification accuracy. Convoluted Neural
Network (CNN) is one of the potential deep learning neural networks used for image recognition and
classification in plant pathology. In this chapter, some of the potential CNN architectures used for plant
disease detection like LeNet, AlexNet, VGGNet, GoogLeNet, ResNet, and ZFnet are discussed with
the architecture and advantages. The efficiency achieved by ResNet and ZFNet is found to be good in
terms of accuracy and error rate.

Chapter 20. Deep Learning Applications in Agriculture:
The Role of Deep Learning in Smart Agriculture

Deep Learning (DL), a part of Machine Learning (ML) comprises a contemporary technique for process-
ing the images and analysing big data with promising outcomes. Deep learning methods are successfully
being used in various sectors to gain better results. The agriculture sector is one of the sectors which
could be benefitted from the deep learning techniques since the current agriculture techniques cannot
keep up with the rapid population growth. In this chapter, the recent trends in the applications of deep
learning techniques in the agricultural sector and the survey of the research efforts that employ deep
learning techniques are going to be discussed. Also, the models that are implemented are going to be
analysed and compared with the other existing models.

Chapter 21. Development of a Solar-Powered Greenhouse
Integrated With SMS and Web Notification Systems

Energy for heating and cooling is among the biggest cost in greenhouse crop production. This has led to
a rethink on energy-saving strategies, including the demand for solar energy as a viable renewable and

sustainable choice for greenhouse farming. This chapter presents the development of a solar-powered
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system leveraging on the Internet of Things and GSM technologies for sensing, controlling, and maintain-
ing optimal climatic parameters inside a greenhouse. The proposed system is designed to automatically
measure and monitor changes in temperature, humidity, soil moisture, and light intensity. The strategy
utilized in the design framework provides the user with the information of the measured parameters online
and via SMS regardless of their geographical location. This chapter also incorporates a mechanism to
self-regulate the climatic condition inside the greenhouse, suitable for plant growth. Such a system can
help improve the quantity and quality of crops grown in a greenhouse. Test carried out on the system
proves its effectiveness according to the design considerations.

This book will also highlight outputs of research and development (R&D) projects, which include
smart farming technologies, products, information systems, methods, and approaches to make farming
operations more productive, sustainable, efficient, convenient, and competitive. Scientists, researchers,
and experts from related disciplines will be contributing their book chapters related to Technologies
for Farm Modernization and Mechanization, Smart Nutrient Management for Corn Production, Food
4.0, Smart Water Management Strategies, Smart Crop, Smart Crop Monitoring System and Sustainable
farming, Wireless Sensor Network for Smart Agriculture, etc.

Pradeep Tomar
Gautam Buddha University, India

Gurjit Kaur
Delhi Technological University, India
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ABSTRACT

The chapter starts with a focus on the current scenario of the digitalization in agriculture space. It pin-
points the reason behind the need and explains the emergence of new Agtech-based startups that work on
new innovative digital technologies. The chapter also tries to discuss the post-COVID implications along
with the merits of digitalization in the agricultural domain. Apart from this, it also discusses different
aspects of the digitalization on the agriculture space in general that includes the concept of telematics,
precision farming, blockchain, artificial intelligence, etc. At last, some of the main challenges like the
issue of connectivity, interoperability, portability, and need of public and private sector cooperation
were discussed.
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INTRODUCTION
Current Scenario

The great demand for food, limited supply of natural resources, and uncertainties in agriculture produc-
tivity are some of the key driving trends impacting the food and the agricultural market of today’s world.
According to the UN Department of Economic and Social Affairs report (DESA, U., 2017), the world is
likely to witness a surge in the overall population from 7.6 billion in 2018 to 9.8 billion by 2050. Such
a vast growth in the population is expected to come forward as an influential factor for the food demand
around the globe. Another key factor for the upcoming growth in food supply demand is the expected 12
percent increase in the urban population of the world from 2014 to 2050. Predictions reported that the
world may face water scarcity of 40% along with the deterioration of more than 20 percent cultivable
land by 2030. To fulfill the cereal demand in the world by 2050, its production has to be increased by 3
billion tonnes (Alexandratos et al., 2012). Also by 2030, the livestock demand is likely to be increased
by a margin of 80 percent and going up to the level of 200 percent by 2050.

There exist around 570 million smallholder farms around the world and 28 percent of the workforce
at a global level which comes from the agriculture and food sector. As evident from all these facts and
figures, the agriculture industry is a sector which needs the continuous thrust of technological innovations
to feed the growing population for the years to come. Even though it has been shown that conventional
tools are sufficient to meet the rising food demand, the actual truth comes from the report that estimates
that nearly 821 million people still suffer from hunger due to lack of food supply. This fact itself gives
rise to a big question of how to meet the food requirements of 9 billion people by 2050 in a sustainable
and inclusive manner.

With all these things the world needs introduction of the new scaled-up transformed agricultural
ecosystem at a rapid pace as shown in Figure 1. Industry 4.0 (De Clercq,M. et al., 2018) which is also
known as the Fourth Industrial Revolution is responsible for transmuting various sectors through bring-
ing in innovations through these disruptive digital technologies. The agricultural industry is also not a
special case which is being exempted from this process of digital transformation. This transformation
doesn’t seem possible in the past only because of the unavailability of the information related to the
basic requirements and field challenges that includes inputs like seed, fertilizers, microfinance, or price
accessibility from smallholder farmers.

With the technological revolution around the world, the smallholder farmers are getting acquainted
with the latest technological advancements in mobile communication through smartphones & other related
technologies. All these are contributing to the development of the new digitally driven agrifood systems
(UNICEF, A. et al., 2018). All of these implementations being scaled up could bring the revolution in
the agriculture sector which is for sure only possible through digitalization.

Rural communities have been the most significant source of the next wave of mobile connections
where the majority of the population is occupied in agricultural activities daily (Palmer, T. et al., 2017).
Around 70 percent of the poorest 20 percent population of developing countries have access to these
mobile technologies (World Bank Group., 2016).

If we see on a global level, 40 percent of the population has access to internet services and there are
also ongoing digital initiatives to connect the leftover population especially those from rural areas of
developing nations. Over the next 10 years, Industry 4.0 is likely to bring drastic changes in the system
of agrifood markets. This is possible only through the revolutionary digital technologies like Artificial
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Figure 1. Classification of Agriculture Ecosystem
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Intelligence (AI), Blockchain, Internet of Things (IoT). This change is also because of several other fac-
tors like the changes in the preferences of consumers and their demands, introduction of e-commerce
and its impact on global agri-food trade, changes in the climate, and many more influential factors that
may be responsible for the shift in the system. The Food and Agriculture Organization (FAQ) is bring-
ing in great initiatives to increase food productivity, efficiency, sustainability through the transparent
and resilient agri-food systems. The main objective behind these innovations is to match up with the
UN Sustainable Development Goals (SGD’s) and achieve the dream of making the new world with zero
hunger by 2030. These achievements can only be fulfilled by carrying out the transformation through
these digital agricultural technologies.

We could possibly work towards the successful implementation of digital agriculture which in turn
would help in realizing the potential opportunities and avoiding the possible threats like the “digital
divide” to the global system of the agricultural market. This is only possible through the envision of
various future use cases and scenarios that mainly focus on highlighting the different challenges to
unpredictable degrees (Klerkx, L. et al., 2019). Nowadays the poverty and rural areas don’t have these
digital divide threats associated with them. Digitization has been widely responsible for widening the
gap between different sectors and economies. This gap is related to early adopters and reluctant parties,
gender, and urbanization degrees. Africa has been reported with the strongest growth in terms of internet
usage where the usage increased to 24.4 percent in 2018 compared to 2.1 percent in 2005.

Despite all this transformation that the world is witnessing, there are some of the critical challenges
that are responsible for creating the digital gap. The actual benefit from these technologies is not re-
flected in the agricultural practices. Some of these key challenges include the lack of strong technological
infrastructure, unaware of digital skills and e-literacy, inaccessibility to the internet, and other services
along with the priorities of emerging economies. These challenging situations in the agriculture indus-
try however call for the strong implementation of digital technologies into the sector (Rose, D.C. et al.,
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2018). There is a strong need of figuring out to navigate this new scenario into the agriculture market
through some radical thought processes.

Business leaders, policy-makers, and international organizations need to bring out something in-
novative rather than the old principle of “business as usual” to devise the solution. The agri-food sector
has never been challenged like this when the whole world that is led by the youth population is moving
towards globalization and dynamic digitalization to bring up the massive technology and innovations.
It’s still a challenge to introduce digitalization into the agrifood sector. We need to carry out certain
transformations in various fields. Changes in the system of agriculture, rural economies, and commu-
nities along with the management of natural resources may prove to be suitable strategies to bring the
transformation to achieve its full potential.

Dive Into the Definition

Modern agriculture has recently experienced efficiency, yield, and much more profits through these
technological transformations which were not attainable in previous times (Weltzien, C., 2016). The
establishment of the very first civilization and societies was made possible through the first revolution
in the agricultural sector (ca. 10000 BC) which enabled humanity to settle. The revolutions between
1900 and 1930 introduced mechanization and other changes in the food sector.

Further revolutions like the Green Revolution of the 1960s brought up new varieties of the crop
which were more resistant than before along with the encouragement on the use of agrochemicals to
increase the farm productivity levels. Between the years 1990 to 2005, there was the introduction of
the new technologies to modify the genetics of the farming of the crop. With the help of the digital
agricultural revolution, the survival of humanity is possible along with its possibility to continue in the
future. Industry 4.0 opens up the availability of computational technologies that are more data-intensive

Figure 2. Digital Agriculture Ecosystem
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and highly interconnected, capable of offering new opportunities in the field of digital agriculture, as
shown in Figure. 2.

Digitalization in simple terms is the process of leveraging the digital technologies that work on digi-
tized data to automate the various business processes and operations (Shepherd, M. et al., 2018). For
example, uploading the digital documents to the cloud for making it accessible to anytime anywhere.
Another example is to use Google sheets to work on a collaborative platform which avoids the tedious
tasks sharing an excel file to some other person when required. Generating reports in clicks through
Business Intelligence tools can be thought of as another example of digitalization.

The last term is Digital Transformation (Boulahya, R. et al., 2020) which is the process of using
digital technologies to improve processes, productivity, and customer experiences. It can be thought of
developing a mindset to achieve the customer-driven strategic business rather than implementing sepa-
rately as the projects. It tends to automate the manual business processes and provides agility, customer
focus, and data-driven decisions into the sector which it transforms.

Rise of Digital Agriculture

If we compare the digital transformation in different industries then agrifood business is the most trans-
formative and disruptive among all of them. This transformation will not only change the conventional
old-age farming methods along with the behaviors of farmers but will also make an impact on every
part associated with the sector value chain. We may also see the significant changes in the processing
of, marketing, pricing, and selling of the products by input providers along with retail and processing
companies. What the digitalization in the agricultural sector brings is the change in the management of
resources which would be very much optimized. All this digital infrastructure in real-time would be much
more individualized and intelligently made possible through the interconnection of the subcomponents
within the sector and the huge dependence on the data available (Tang, S. et al., 2002). Management
prescriptions for each of the agrifood fields and crops along with the value chains should be optimized
to a good level along and on an individual basis instead of treating them on a uniform ground. Also, it
should be taken care that all the animals are monitored and managed individually.

At the lowest level of granularity, we can expect some amount of traceability and coordination in
the value chains of the agrifood sector. Systems which are safe and anticipatory along with the good
adaptation to the changes in climatic condition have good levels of productivity. These types of systems
should ideally be the output of the transformation that the digitalization would bring in the agricultural
sector. The increased amount in food security, profit levels, and sustainability can be some of the expec-
tations from these advanced systems. Over the next decade, the agriculture industry and the food sector
will definitely transform through the rise of digital technologies according to some market predictions
and forecasts. Different technologies will have their role and impact in transforming the different parts
involved in the value chain of the agri-food business.

Two key factors generally decide how the integration of these technologies should be managed within
the individual part of the agrifood value chain. The first one is the complexity of that individual part and
the second one is the stage of the maturity of that particular part of the chain in which the technology
will fit into. Digital technologies can be classified as per the below structure which is based on the com-
plexity of that individual technology and the stage of the maturity of that particular part of the agri-food
chain in which the technology will fit into. Digitization tools and technologies, according to a research
study, can result in much higher levels of yield productivity along with increased revenue generation.
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It is predicted that by 2030, these transformations may contribute a total of 14 percent in the growth
of the Indian GDP numbers whose value would be equivalent to US dollar 15 trillion at the current rate
(Vial, G., 2019). The agriculture industry is a US$ 7.8 trillion industry today and technology has played
a vital role in transforming this sector likewise it has impacted other industries. Agrifood business on its
own has a 40 percent share in the global level employment responsible for feeding the world .

Therefore, there is a need to address some of the challenges which are being brought up by the process
of digital transformation. Some of these are inadequate levels of standardized digital solutions in the
aspect of data and the problems surrounding it like incorrect format settings. The properties of the data
are unclear along with its usage and access control activities. Digital transformation in agriculture is be-
ing used by big international companies in this disparate scenario to carry out the business in agrifood.

Solving the social challenges and issues revolving around transforming rural living, unemployment
problems are affecting organizations like government and public sector agencies which are an integral
part of this process. These disruptive technologies may have an impact on the environment of the social
and economic areas which generates the big challenge of making wise use of these technologies and
able to take a good advantage.

Reason Behind the Need of Digital Revolution in Agriculture

We may expect the increase of the world population with a margin of 40 percent by the year 2050 be-
coming a huge number of 9. 6 billion. With this increasing number in the global population, there will
be a need for increased production in food by 70% to fulfill the requirements as predicted by FAO (UN
Food and Agriculture Organization).

The requirements of cereals and livestock would increase by 1 billion tons and 200 million tons re-
spectively per year while utilizing the same or just 5 percent more agricultural land (Krishnan, A. et al.,
2020). To meet this requirement on a sustainable level, we need to take care of the environmental and
regulatory challenges posed by the global agricultural industry. There is a need to achieve these goals
by increasing the farm yields as the majority of farmland is already being farmed. The solution to this
problem of feeding the world is possible through the support of digital transformational technologies
in the field of agriculture.

What one can achieve from this digitalization in the agricultural field is the efficiency, production,
and profit levels which were not anyhow possible through the traditional farming systems. All the journey
started from mechanization (1900 to 1930), moving to the green revolution (1960) which brought up the
development of crop varieties which are more new and resistant along with the usage of agro-chemicals
followed by genetic modification (1990 to 2005).

Among all the industries, digitalization has the highest impact in the agrifood business, changing
every single part of the agri-food value chain. The correction in the nutrition of the soil along with the
management of pests and disease has been on track with the help of technological advancements in the
field of agriculture.

Moreover with the genetic development and innovation cycle shortening of the crops made us achieve
higher crop yields. There are plenty of climatic changes that the farmers are facing despite the increased
demand for food production. Some of these factors are fluctuations in rainfall patterns, extreme weather
conditions, water scarcity, and increased temperature levels which are the hindrance to the optimum yields
(Wang, H.H. et al., 2014). There is a strong need for innovation and improvements in farm productivity
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to meet this demand. All these challenges can be overcome by leveraging the digital technologies which
will facilitate the farmers with the information and contribute to farm productions.

Along with the farmers, consumers are also very vigilant these days about the products they are con-
suming and want high-quality products along with every single information associated with products from
the farms to their doorsteps. All this level of traceability can be achieved by the digital technologies that
can satisfy the consumers and eventually the farm value. Modern agriculture needs innovation more than
what was needed in old times. There are a lot of challenges which the agri-food industry is facing right
now to ensure the transparency and sustainability in the products which the consumers are consuming.

Some of these challenges are the high cost of supplies, labor shortage, and changes in the buying
preferences from the consumers. Agricultural corporations are setting up the demand for the solutions
that are required to solve these challenges in the sector. As a result, there has been a massive growth in
agricultural technology with an investment of $6.7 billion in the last 5 years and $1.9 billion in the last
year; all within 10 years.

Artificial intelligence, indoor vertical farming, modern greenhouse technologies, precision farming,
blockchain are some of the key technologies which have been touched to revolutionize the agricultural
sector (Llewellyn, D., 2018). With the digital transformation, we can have a world where farming
would be considered a high-tech profession and bring a positive impact on the management of natural
resources. This can lead to the elimination of food wastage and fulfill the increasing demand for food
production. Artificial Intelligence, Blockchain, Internet of Things (IoT) (Kaur, G. et al., 2018), all other
digital technologies are changing the way of farming and thus is impacting every part of its value chain.

SURVEY
Digitization and Agtech Transforming Agriculture

With the advent of digital technologies around the globe, the world now has been a lot closer than what
it used to look a decade ago. Mobile devices which are the principal component behind the revolution
are becoming day by day a lot cheaper, faster, efficient, and smaller than they ever had. With many in-
dustries trying to make full use of the emergence of these digital tools, farmers tend to be no exception
(Carolan, M., 2020). These next-generation advances in technology are helping farmers by providing
better control over the day to day operations, ultimately enabling them to get a better hold of the number
of resources they put into use on a daily basis. As a result, the concept of digital technology is currently
finding a myriad set of applications in different agriculture practices that includes agriculture processes
like livestock handling, to farm machinery.

With the onset of digitalization, the concept of smart farming is expected to rise by double in the
coming 5 years. The continuously increasing demand for food for the world has put stress on the wide-
spread adoption of the innovative practices that can leverage the downtrodden old age Agri industry.
Some of these systems like the one using the GPS system in seeding alongside harvesting machinery
with advanced digital monitoring tools have to broaden the farmer’s perspective in terms of the yield.
Similarly in horticulture, there has been digital technology that provides an unimaginable level of man-
agement precision that includes efficient use of water, effective control of disease, and optimization of
the overall yield (Rotz, S. et al., 2019).
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The electronic animal identification with remote sensing capability along with automated weighing
and drafting is one another example of the use of the digital technologies that exemplify the growth rate,
feed conversion ratios altogether with livestock uniformity and quantity. In spite of the development of
all such technologies, only a few of them have proved to find their place in the mainstream.

AgTech in India

With the rise in the population around the world, there has been a great surge in the demand for sustain-
able food, impacting global demand & security. India being an agrarian economy depends mainly on
the good rainfall and human labour for its growth. While most of the developed countries around the
world developed the modern tech enabling tools & machines, farmers in India still have to plod their
farmlands with obsolete farming practices.

Unfortunately, they are neither trained nor equipped with the latest technological advancements to
make their demands met in a faster and efficient way (Deichmann, U. et al., 2016). However, with the
growth of communication infrastructure in India, the concept of digital farming is entering into the con-
fined space of Indian farmers to assist them better in various activities related to their yield & crop safety.
Despite its intervention, this concept still lacks proper penetration into the current market. The main
reason behind this is the lack of adoption & proper training to the farmers with the latest cost-effective
technologies for different farming practices. This is one of the main reasons why the contribution of the
agriculture sector finds it difficult to contribute better to the overall GDP of the nation.

Due to the same reason, the government of India has started to promote new era digital tech-based
startups in this domain through various programs. Following up on the digital India programme launched
in 2015 by Prime Minister of India Mr. Narendra Modi, there has been a surge in the number of agree-
ments between big software firms & the government to develop various digital technologies for farming.
Such an example of such joint collaboration happened in 2019 where the NITI Aayog merged with a
big software firm to develop a system for yield predictions using artificial intelligence so that farmers
can get to know the real-time advisories. According to a report by Cisco (Liang, Y. et al., 2003), nearly
4.6 billion people will be using the Internet by 2021, which means that the agriculture startups around
the world can unleash umpteen opportunities through continuous innovation and can transform the ag-
riculture landscape like never before.

The main challenge that lies in front of India is optimizing growth in agriculture through effective
frameworks, policies, and programs that can empower Indian farmers to enable a technology-driven
ecosystem for farming. Some other challenges confronting the Indian agriculture ecosystem include
declining farm productivity, unsustainable usage of resources, rapidly growing demand for high-quality
& safe food, fragmented landholdings, and stagnating farm incomes (Seth, 2017).

The digitalization of agricultural-based business involves leveraging massive amounts of data from
agricultural tools, equipment, machines, soil, using modern-day tech to automate agriculture which plays
a key role to meet the ever-increasing global demand for food. Apart from this, some of the other useful
applications of digital technology in farms includes livestock & farm management, crop & soil health
monitoring, geographic information system, remote sensing, etc.

All of these applications supply the ordinary farmer with essential details like crop selection, as-
sistance in obtaining insurance & credit, weather-related advisories etc. Similarly, the application of
advanced analytics allows the farmer to make a smart decision about their resources consumptions and
other important parameters that ultimately enable them to save a lot of unnecessary investment (Mittal,
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S. et al., 2010). With over 500 startups in the agtech space in India, the agribusiness sector is greatly
booming only due to the intervention of digital technologies through different stages of farming. With
low cost-efficient digital technologies from these startups, India can bring a revolution in its Agri sector
across pre, post, processing & logistic stages.

Agri-tech Startup Landscape

For the adoption & development of knowledge-based agriculture education, agricultural digitization
projects stood to be of paramount importance. Researchers all over the world are supporting the con-
cepts of smart & precision farming through several innovations & data analytics. Therefore, it seems
quite crucial to empower farmers with the latest innovative digital technologies that can ultimately drive
further R&D and create a culture to understand and expedite the adoption of advanced technologies in
agricultural practices. These latest digital technologies can help farmers to cope better with the calami-
ties and their aftermath in a much better way than what they used to handle with the conventional tools.
Despite the recent progress in the agriculture domain due to the involvement of the government there
still exists a constant challenge to provide food to its continuously increasing population. With the advent
of the Digital India programme in 2015 there has been a surge in the emergence of different types of
agtech based startups in the country.
The three main of them can be classified as follows,

Agriculture Market Place

The startups that belong to this kind of category are useful in providing services like the agricultural
news, weather forecast, price alerts, and local government vegetable market in their respective language.
These startups also help in connecting the farmers to the ultimate seller, ultimately helping in avoiding
the unnecessary need of the middle men or broker.

Digital Farm Management

Startups belonging to this category help in providing an overall overview of their whole operation from
production to inventory management using state of the art technologies like geospatial analytics, machine
learning, and data analytics.

Climate Smart Precision Farming

This category of the startup is responsible to provide better data driven farming decisions using on farm
sensing technology that integrate with data science and artificial intelligence to make better useful pre-
dictions for growth & optimisation of resources. These resources generally include cost savings in terms
of energy, pesticides, water, and fertilizers to product losses prevention, automation and getting real time
alerts to make adjustments in their farming practices accordingly. Since the beginning of digital india
programme (Lele, U. et al., 2017) there has been a huge adoption of mobile technologies and the internet
that open a whole new wave of growth in this sector. As a result there were a number of initiatives that
were launched by the indian government of india in the past.
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Some of the useful ones in this regard includes the india israel innovation bridge, that developed as
a tech platform to facilitate bilateral engagement between the israeli and indian startups, corporations,
and tech hubs that aims on fostering growth in different sectors including agriculture. Another useful
initiative was the ‘Agriculture Grand Challenge’ that was developed by the ministry of government under
the indian government to look for new innovations and concepts in 12 different areas. It was developed
mainly to provide thrust and emerging agri based startups in digital space with the necessary infrastruc-
ture for further inclusion into the indian agriculture sector. Some of the main themes for the challenge
include things like yield estimation, price forecasting, losses prevention, e-marketplace development,
soil testing methods etc. Recently, the department of agriculture and food engineering at IIT kharagpur
has launched an online course on “Application of Digital Technologies in Agriculture”, that focuses on
engaging smarttechnologies for enhancing productivity with minimal effort and cost. These would include
Sensors, Drones, Robots, Artificial Intelligence and Machine Learning, Machine Vision Techniques,
Computer Aided Design and Advanced Digital Technologies application in Agriculture. Knowledge
about Digital Farming Solutions will help the farming community in Enhancing their productivity by
Robots, Drones and AGVs.

Digital Agtech Based Startups

This section will highlight a few notable emerging startups in the agtech space around the world, which
are using digital technologies to bring a revolution in the current dormant agriculture sector (Kimle, K.
L., 2018).

1. Fasal is an Indian based artificial intelligence powered IoT' platform that monitors a number of
growing conditions of the farm to provide better decisions for different farming practices. It uses
Al & data science to provide an extensive overview and knowledge about the way through which
farmers can optimise their yield and get control over the future harvest.

2. The tech giant IBM had partnered with Yara, a global leader in digital farming solutions from nor-
way, to provide smart agricultural solutions for optimization of farming practices to increase yields,
crop quality and incomes in a sustainable way. They put their focus on different verticals in farm
optimization using machine learning, artificial intelligence and farm related data to unlock new
insights for the farmers. Starting from providing hyperlocal weather forecasts alongwith real-time
actionable recommendations, tailored to the specific needs of individual fields/crops, they develop
blockchain-enabled network of food chain players to allow for greater traceability and supply chain
efficiency as well as ways to tackle food fraud, food waste and sustainability.

3. Inability of the farmer to have a formal transaction record of how much they get through the
middlemen is one of the problems that hinders their ability to get access to financial services like
crop insurance, lending etc. To solve this problem, a startup named BanQu came as a rescue some
years ago. It is a blockchain-based software as a service platform that creates a decentralized digital
ledger of each transaction, helping farmers build credit and hold processors accountable. Instead
of cash, each farmer received a digital payment through BanQu’s blockchain platform.
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Post COVID Scenario

The consequences of the raging COVID 19 have been felt all around the world. It not only affected busi-
nesses but also slowed down the economy of the whole nation tremendously. It could be seen through
the percentage declination of the overall GDP of the nation in the first quarter of 2020. Italy being one
of the worst-hit countries suffered a GDP downside of 12.4%, while a country like India experienced
a GDP drop of 23.9% in the first quarter to the same quarter in 2019 (Timilsina, B. et al., 2020). To
get back on track the country must start relying on a technological based agricultural system that can
bolster the dormant agriculture sector. In this period of pandemic across the world, the digitalization of
agriculture could prove to be the biggest advantage for the Agro based industry. It can help in managing
transportation, supply chain, finance in a much better way when there is a need to find an alternative to
human-centric tasks.

They cater to various streams in the agricultural supply chain, including cooperatives, farmers, whole-
salers, importers, exporters, contract farming companies, retailers, and even consumers. In simple terms,
this concept or application of digital technology simplifies the management of farm operation in several
ways. Right from the plantation, it takes care of the quality, storage & sales, and everything that comes
in between them. That’s why enterprise resource planning platform based Agri tech startups could prove
to gain much more appreciation than the other ones in this segment. The digitalization is revolutionizing
the agricultural landscape in the sense that now farmers are getting much more educated, aware, informed
and equipped with the workings & benefits of integrating digital technologies in their agriculture tasks.

With time there has been a demand for the up-gradation of the conventional applications. Thus most
of the digital technologies are combining among themselves to offer a hybrid system that provides
smarter data insights through farm analytics dashboards along with the power of sensors, unmanned
aerial drone, robotics right down to the micro-level. Apart from this, analytics on the nutritional require-
ment of the land, along with water and crop schedules are provided to the farmer for profitable farm
operations (Gregorioa, G. B. et al., 2020) .

Figure 3. Supply Chain Management in Agriculture
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Covid-19 Boosts Digitisation of the Agriculture Industry

Despite its catastrophic impact all over the world, COVID 19 has enabled the farmers of today to adopt
social and digital media platforms to sell their products directly into the market. It has brought a rapid
acceleration in the digitisation of businesses across the agri-sector. The increasing demand for agricul-
tural food products, shift in consumer preferences to higher standards of food safety and quality, and
unavailability of laborers during COVID-19 are some of the driving factors for the market. With millions
of people relying on online grocery order nowadays, there has been a significant increase in the amount
of data giving the demand estimate for each product (Altieri, M. A. et al., 2020). The era of data in food
production and consumption has therefore been rapidly accelerated by COVID ultimately demanding
the fusion of more digital technologies based applications in real-time.

DIFFERENT ASPECTS OF DIGITAL TECHNOLOGIES IN AGRICULTURE

The global food demand is expected to rise by 50% until 2050 according to a report by the food and
agricultural organization (FAO). The future of food production depends upon technological advance-
ment in the agriculture sector. Bringing low-cost Agtech solutions to the farmers could help them to stay
competitive enough to preserve in the coming years. With the onset of growing ownership of smartphones
across the whole world, a large part of our global food system will likely be digitized (Skvortcov, E. et
al., 2018). This will help farmers to get the required assistance to better save the resources in a much
more sustainable way.

In the coming years, the market of global digital farming is expected to grow a lot pertaining to fac-
tors such as rapidly decreasing arable land, growing population with a growing need for high production
of vegetables and grains, etc.In addition to this, the surge in the population of green farming around the
world is also giving a thrust to the digital farming market. The increasing demand for quality crops has
been a major factor for the adoption of digital farming by a lot of farmers to improve the production
ability of their arable lands. As a result, the global farming market is expected to be valued worth 10.23
billion USD by 2025. Other major factors that result in the overall increment in the market share include
increasing demand for automation & control systems, sensing devices, antennas, access points & robots.

Telematics in Agriculture

The services of telematics mainly include the usage of tracking devices to locate the position of the tools
for management purposes. With the growing number of telematics-based applications in agriculture, there
has been a rising demand for digital farming practices. Increasing demand for such management services
is one of the main reasons why we see a growth in the digital farming market (Cambra, C. et al., 2017).

Telematics can be defined as a technology that captures useful data from the farm equipment or
machine operation in the farm and transfers the user data to the monitoring dashboard in real-time for
further actionable decision for farming after proper analysis using the big data tools. In general, it in-
volves Robots and autonomous super-tractors or a fleet of combine harvesters with cameras and sensors
that are connected with the digital platform, for bringing optimization in farming practices like sowing,
fertilizing, and planting.
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Indoor Vertical Farming

The concept of indoor vertical farming can be explained as the process of growing farm produce stacked
one over the other in a closed, confined, and controlled environment. From one over the other, it means
there are shelves mounted vertically in the same area, where the plants used to grow the same as the
farmland (Kozai, T et al., 2019). This method has the potential to increase the yields, cut down distance
traveled in the supply chain & overcome the limited availability of land. It is mainly useful in the city
and urban setup where there is always a limited space. Some of them are unique in the sense that they
don’t need soil to grow, meaning most of them are hydroponic, where crops are grown in a nutrient-dense
bowl of water. In setups for these vertical farming practices, artificial glow light is used most of the time.
Apart from the merits mentioned earlier, another significant advantage of this kind of farming is the less
usage of water. It usually accounts for approximately 70% less usage than conventional farms (Benke,
K. et al., 2017). Apart from these things, the cost of labour is also reduced due to the employment of
robots to handle the process like planting, logistics, harvesting, packing, etc.

Farm Automation

Farm automation in general is a technology that makes farms more efficient and automates the crop or
livestock production cycle. With the growing demand for automation, a large number of companies are
working on innovation related to robotics to develop drones, robotic harvesters, autonomous tractors,
seeding & automatic watering robots (Edan, Y. et al., 2009). The primary goal of farm automation tech-
nology is to cover easier, mundane tasks of the farms in much more time & cost-saving ways.

Livestock Farming Technology

Apart from the important technologies that were discussed earlier, one of the underserviced and overlooked
sectors of the agriculture domain is the conventional livestock industry. Management of livestock has
been known for keeping the business of dairy farms, poultry farms, cattle ranches, and another related
agribusiness alive (Banhazi, T. M. et al., 2012). It is required that in such services the manager must
keep track of the financial records, ensure proper feeding & care of animals along with the supervision
of the related workers. However, with technological advancement, this industry also revolutionized
the agriculture sector to serve a number of essential processes and purposes. These technological ad-
vancements were discovered as the new developments in the form of nutritional technologies, genetics,
digital technology, and more to keep proper track and management of livestock to improve & enhance
the production capacity.

One such example of putting into the mainstream can be seen through the putting of individual
wearable sensors on cattle that can help to keep a track of their daily activity along with health-related
issues. The massive amount of data collected by these sensors are often turned into meaningful, action-
able insights, which help the producers to quickly look and make quick effective management decisions.

Precision Agriculture

With a number of emerging technologies in farms, the agriculture sector is reforming itself like never
before. Precision agriculture companies are bringing innovations in the market to help farmers maxi-
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mize yields by taking control of the variable parameters of crop farming (Srinivasan, A., 2006). The
parameters often include points like moisture levels, soil & climate conditions, pest stress, etc. Apart
from this it also helps farmers by providing accurate techniques for growing & planting crops to manage
cost and increase efficiency.

MAIN DIGITAL TECHNOLOGIES IN AGRICULTURAL DOMAIN

In this section, a brief overview of different technologies for precision farming is covered.
Field Monitoring
Monitoring Crop Health

One of the popularly known methods used to determine the health of crops through satellite imagery
& drones is the Normalized Difference Vegetation Index (NDVI). It takes into consideration different
wavelengths of light falling in both visible and nonvisible, to make the required calculations. This tech-
nology in simple terms allows the farmer to get an assessment of the general health of their crops along
with the detection of crop variability.

Yield Monitoring and Forecasting

With the advancement in precision agriculture technologies, there are different ways to collect information
about the yield of the farm. Some of them consist of sensors fitted on the farmer’s machinery like tractors
or harvesters, drones & satellite imagery. All of them help the farmer in getting important information
related to yield of grains, level of moisture, fertilization & allow them to make a better decision about
their harvesting plan. The vital points regarding the same can be seen in Figure 4.

Figure 4. Advisory & Information Services in Agriculture
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Crop Scouting

This precision agriculture technology is quite similar to the technologies discussed above. The only fea-
ture that makes it quite distinct is the usage of mobile phones and tablets to collect & monitor important
data about the crops like pest population, growth of unwanted plants, etc.

Detection of Pests, or Weeds and Diseases

From many applications of precision agriculture, we have seen that drones have been making an impor-
tant role in providing data related to the detection of weeds, pests, and disease. All this has been made
possible due to the hyperspectral imaging camera that is fitted in it for scanning. It provides in-depth
knowledge of the farm which a typical camera can not capture.

Weather and Soil Quality

To get to know about the quality of the crop, certain plant and ground-based sensors are employed to
collect important information about water and soil. Main things that these sensors measure are the salinity
levels, pH levels, texture of the soil, nutrient status, and organic matter. Reports about the weather are
usually reaching the farmers from the weather stations through their smartphones.

Data Management
Platforms for Farm Management

This kind of software is a platform that usually comes integrated with different hardware devices to help
farmers to manage their crop production efficiently. The data collected from these systems are collected
& compiled onto a central platform where it is processed and analyzed to help farmers make better
decisions on managing & optimizing their overall farm activities & operations, as shown in Figure 6.

Apart from this, it also eases the monitoring and analysis of all related activities & streamlines crop
production and harvesting schedules. In short, the software gives the farmer access to environmental
conditions and finances as shown in Figure 5., so that they can better manage things like record-keeping,
business needs & farm production monitoring functionalities.

With the agglomeration of mobile phones around the world, this kind of software is proving themselves
an important & efficient service to help farmers across different locations & conditions, around the world
by making them work more efficiently whilst saving money, time, and resources. The extensive set of
functionalities that are provided with it also helps specialized companies in the Agri sector to cover the
needs of the farmer in a much more integrated manner.

Variable Rate Applications (VRA)
The Variable rate application is a kind of process that mainly focuses on the automated application of

things like seeds, herbicides, chemicals based on data collected from sensors, maps, and other monitor-
ing sources. It involves the integration of different forms of technologies related to precision agriculture.
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Some of which are like satellite imagery, hyperspectral imaging, machinery on harvesters and tractors,
etc. Cut short, it helps in optimizing the usage of fertilizers, seeds, and other relevant chemicals.

Figure 5. Digital Financial Services in Agriculture
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Agro Machinery Automation
Farm Robots

Over the years, robots have been finding their application in many industries to automate different tasks.
However, with the inception of automation in agriculture, robots have been useful in a ton of applica-
tions (Yaghoubi, S. et al., 2013). One such big use is the automation of weed management, for which
two companies in the united states have developed robots that make use of their cameras to identify
weeds in real-time.

Guidance Systems Based on GPS

Global Positioning System also known as the GPS, is a technology that is mainly used in the agricul-
ture sector to guide automated machinery and vehicles like autonomous harvesters, drones, tractors, etc
(Parasher, Y. et al., 2019).

Telematics

This technology as described in the previous section is a crucial technology in Agri automation that
helps in establishing machine-to-machine communication between the sensors & hardware which are
involved in the process of automation (Parasher, Y. et al., 2018). One such example of this could be
observed during the process of managing weeds on farms.

So, whenever a camera fitted on a piece of machinery identifies a section of weed, it communicates
the information to other related machinery that gets the location of the weed from the former and plucks
it wherever it seems necessary.

Precision Planting

The concept of precision planting which can be shown in Figure 7. describes an automated process that
optimizes the planting of seeds by allowing better depth control, seed spacing, etc (Parasher, Y. et al.,
2019). Usually, the optimal condition for planting is provided with other precision agriculture-based
technologies on which this concept works.

Blockchain

Blockchain in simple terms is a system where digital information is distributed without getting copied.
Meaning to each block of a particular set of data there will be only one owner. Therefore, blockchain
holds tremendous capability in tracking down the ownership records to solve issues like supply chain
inefficient, food fraud & traceability in the current food market (Kamilaris, A. et al., 2019). Its unique
decentralized structure helps in establishing a range of premium products by ensuring the verifications
of products & practices with transparency. Among all the tasks where this technology seems useful, it
finds its need for food traceability. Due to the presence of artificial and perishable food, the whole food
industry resides at a vulnerable end. Whenever a foodborne disease strikes the public health (Singh, P.
et al., 2019), it becomes quite necessary to track down the source of the whole crisis.
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Figure 7. Macro Agriculture Intelligence
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However, huge dependability on paperwork for tracking things is a major time-consuming task. In
such a case, blockchain comes as a rescue. Its structure ensures that each party along the supply chain
generates and shares securely the information points to form an accountable & traceable system. Such
a vast number of points with labels clarifying ownership can be recorded easily with any chance of
alteration. As a result, the whole journey of the food item is available to monitor in real-time (Lin, Y.
P.etal., 2017).

By helping in the quick food tracking mechanism, the blockchain technology adds value to the cur-
rent agri market by building a ledger in the network and balancing the pricing of the market. The price
for buying & selling the farm produce depends on the judgments of the individual players involved in
the market. It also enables verified transactions securely shared with every player in the supply chain of
the farm produce, creating an ecosystem with immense transparency.

Artificial Intelligence

With the rise of new digital technologies in the agriculture domain, there has been unprecedented growth
in the amount of data that is being collected by remote sensors, satellites, UAVs, etc for different purposes
(Patricio, D. L. et al., 2018). These different purposes mainly include processes like monitoring of soil
condition, plant health, humidity, temperature, etc. The vast data that is being collected could only serve
fruitfully when the farmer is able to gain a better understanding of various things involved with the farm.

Therefore to make sense out of it, this data is operated under various artificial intelligence algorithms
(Parasher, Y. et al., 2020) through which farmers can acquire a proper understanding of various pro-
cesses in general. It is expected that by 2050 the world will need to produce 50% more food than what is
producing right now. In such a situation, Al-enabled technologies can help farmers by providing greater
yield using the available resource more sustainably.
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Al Applications in Agriculture and Farming

Autonomous Tractors

With huge investment in the development of autonomous vehicles in the last few years, the agriculture
sector is going to foresee a tremendous surge in the number of driverless tractors, harvesters & other
machinery (Eaton, R. et al., 2008). These self-driving or driverless tractors are programmed with dif-
ferent Al algorithms to perform various tasks in general. Some of them include things like detecting
ploughing positions into the fields, etc.

Agricultural Robotics

Similarly, Al companies are developing robots that can easily perform multiple tasks in the farming field.
Most Al companies in today’s world are developing robots that can automate a set of tasks for a number
of different farming practices. Some of these tasks mainly include things like crop quality checking,
detection of unwanted plants, etc.

Pest Infestations Control

Pests such as grasshoppers, locusts are usually considered as the worst enemies of the farmers. They
damage the crops globally before it is harvested and stored for human consumption. To cope with it,
few Al companies have developed a system that helps farmers though alert on the smartphones, telling
about the likelihood of these pests towards certain farmland or crop fields. These companies are using
the satellite images of the present and past few years of the same area as the data for the Al algorithms
to provide useful information.

Crops & Soil Health Monitoring

Rapid deforestation & degradation of soil quality has been a problem for several years. To cope with it,
a Germany based tech startup had recently developed a deep learning-based image recognition technol-
ogy application that can help in identifying the nutrient deficiencies and potential defects in soil along
with the presence of pests and plant diseases (Jha, K. et al., 2019), if any. Similarly, another machine
learning-based company named Trace Genomic provides soil analysis services to farmers so that the
farmer can cope with it accordingly.

Advantage of Implementing Al in Agriculture

In the agriculture sector, Al plays a lot of different essential roles in doing the controlled & efficient
farming practices through a set of instructions related to water management, timely & optimum harvest-
ing, pest attacks, nutrient management, and crop rotation. They also help in the evaluation of farms for
the presence of pests or plant disease along with poor plant nutrition, analysis of crop sustainability, and
prediction of weather conditions. Apart from this, Al also helps farmers to bring automation to their farm-
ing equipment or machinery to achieve a higher yield of the crop with better quality (Smith, M. J., 2020).

It enables the farmers to understand important data insights for their farms which include parameters
like precipitation, temperature, wind speed, & solar radiation. The usage of Al in the agriculture sector
helps modern-day farmers in many ways. It helps them to understand the data points like wind speed,
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precipitation, temperature, and solar radiation. To get a better outcome, the historic value of all these
data points are usually considered for the analysis through the Al algorithms. Al altogether provides an
efficient way to plant, produce, harvest, and sell the crops into the market.

e  Helps in checking the defective crops

e  Strengthen agro-based businesses

e  Improve crop management activities

e  Deal effectively with problems like the infestation of weeds & pests, climatic variations, etc.
CHALLENGES

Over the years cooperatives have always been considering the integration of digital technologies into
their working farming model to meet the expectations of the stakeholders. In order to capture this op-
portunity the technological innovations, business, and regulatory challenges need to be well managed.
Despite the growth of technological advancement, the key challenge always lies in the proper physical
implementation in the mainstream. Apart from this, another main problem is the need for appropriate
working methods to manage different human challenges within the teams and governance (Tzounis,
A.et al., 2017). Another factor of concern is data ownership laws & regulations. However, it doesn’t
prove itself to be a barrier to continued progress. With tons of agtech startups striving hard to combine
intelligence with automation to improve agricultural production decisions, there are always a series of
main challenges that every single one of them faces on a regular basis. The four key challenges that are
faced by each and every startup in this sector are listed as follows,

Connectivity

One of the main challenges affecting the backbone of the digital technologies adoption across the nation
is access to the internet to every place in the country. Because without the internet the idea of developing
a hybrid Digitech based agricultural system would only be a dream.

The need of the hour is therefore to launch low-cost internet solutions that can help the farmers to
feel the impact of digitization on their produce. One such program in this regard was the IIT Bombay’s
project ‘Gram Marg Solution for Rural Broadband’ under the leadership of Prof. Abhay Karandikar.
The team created an ingenious and “indigenous” technology that utilizes unused white space on the TV
spectrum to backhaul data from village wifi clusters to provide broadband access. The main USP of the
project was that affordability in setting up the required infrastructure. So far, the solution has been rolled
out in 25 villages on a pilot basis.

Interoperability

Another main issue after connectivity is the limited interoperability of various agtech based systems &
applications. This challenge mainly calls for the adoption of hybrid systems that can work in sync with
each other to provide a multitude of applications instead of the proprietary one which was used to put
into use for a long time. These hybrid systems can reduce the risk of inadequate support services and
unsupported systems and can help farmers achieve a lot of benefits out of limited investment.
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Portability

Working with multiple enterprises often gives rise to the challenge of data portability. To increase farm
efficiency, it is important that the data must be transferred from one system to another without deg-
radation. The whole point of this concept is to remove any barrier which is caused by the data access
constraints in the different relevant sectors of importance like finance, energy.

Public and Private Sector Cooperation

A final very important problem that is worthy of consideration in relation to the development of digital
technologies in agriculture is the role of private and public sectors in commercialization and R&D. One
of the main challenges in this segment is the inability of the public R&D agencies to recognize appro-
priate points to hand over the results of their work to private companies with the proper agreement so
that they can develop commercial technologies that can be adopted by farmers. Thus, there is a need for
significant reform in this issue.
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ABSTRACT

Agriculture is the oldest and most dynamic occupation throughout the world. Since the population of
world is always increasing and land is becoming rare, there evolves an urgent need for the entire soci-
ety to think inventive and to find new affective solutions to farm, using less land to produce extra crops
and growing the productivity and yield of those farmed acres. Agriculture is now turning to artificial
intelligence (Al) technology worldwide to help yield healthier crops, track soil, manage pests, growing
conditions, coordinate farmers’ data, help with the workload, and advance a wide range of agricultural
tasks across the entire food supply chain.
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INTRODUCTION

Solutions for the future include Al (Hudson et. al., 2000) and Machine Learning (Pecht et. al., 2019).
Artificial Intelligence stands for Al. Two types of Al— narrow and general (Togelius et. al, 2018) are
different. Narrow Al is written software — often combined with hardware and sensor systems — that
performs linear tasks. For agriculture, an autonomous farm car is something you find to use a specific
Al like a driverless tractor.

General Al is the second type of AL. We are intelligent beings who are self-aware and who can carry
out a variety of tasks. Farmers are recruiting data firms using Al to track crops in areas such as pesticide
monitoring. Additional examples are robots with human features including recognition of voice and
decision-making to improve farmers ‘ production. The Al already used in agriculture today are examples
of robots that sow seeds, can manage water, clean ground, pick cultivations. Where do we go about the
future of Al in agriculture, the question is in the future?

Farming is the cornerstone of any economy’s sustainability. Nonetheless, it can vary by countries
and play a key role in long-term economic development and structural change. Farming was histori-
cally limited to the production of food and crops. Nevertheless, in the last two decades the production,
manufacturing, marketing and distribution of crops and animal products has evolved(Jha et. al., 2019).
Currently agriculture is the fundamental source of livelihood, improves GDP, constitutes a source of
trade, reduces unemployment, produces raw materials in other industries and develops the economy. In
order to provide innovative solutions to support and improve the farming activities, the global geometric
population rise requires a review of agricultural practices. Other technological developments, includ-
ing Big Data Analytics (Geng, 2017), Robotics (Hajja, 2016), the Internet of Things (Hassan, 2016),
availability of cheap sensors and cameras and drone technology and even wide internet coverage in
geographically scattered fields, will allow the introduction of Al in agriculture. Al systems can provide
predictive insights about which crop to plant crop in a given year and the optimal date to seed / harvest
in a given region to increase crop production and decrease the use of water, fertilizers, and pesticides by
analysing soil-management data such as temperatures, weather, soil-analysis, soil moisture and historic
crop performance. The effect on natural ecosystems can be minimized through the implementation of the
Al technologies and safety of employees that increase, thereby keeping the food prices low and ensuring
that food production keeps pace with the population increasingly.

BACKGROUND

Agriculture automation(Jha et. al., 2019) is a major concern and an evolving challenge for every region.
The population worldwide is growing rapidly and the need for food is growing rapidly with the increase in
population. Traditional methods used by farmers to serve growing demand are not enough and therefore
they must hinder the soil through intensified use of harmful pesticides. This has a great influence on
agriculture, and, at the end of the day, the earth remains unfertile. There are fields that affect agriculture
issues such as crop pests, lack of storage space, pesticide control, plant management, irrigation and water
management. Artificial intelligence will overcome all of this.

The history that follows covers Al state-of - the-art and agriculture’s potential. The expert systems
focused on smart agriculture systems were developed by (Shahzadiet al., 2016). The IoT concept in this
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system consisted of sending the data to the server in order to make appropriate decisions by the actua-
tors in the field.

In order to estimate soil moisture in Paddy areas (Arifet al., 2012) built two ANN models with
substantially less weather data. The analysis of measured soil and calculated soil humidity values has
corroborated and tested all models.

The (Hinnellet al., 2012) address neuro-drip irrigation systems in which ANNs have been established
to simulate the spatial surface water flow. Water distribution at the lower level of the soil is of major
importance for the proper operation of the irrigation system. Here, ANNs makes the prediction that is
useful to the user and leads to a rapid decision-making process.

The new field of embedded intelligence analysis (EI) was founded by (Yong et al., 2018). Smart plant-
ing, smart field production, smart irrigation and sophisticated greenhouses are part of the agricultural
embedded intelligence. For a nation to be able to grow these growing technologies in the agriculture
sector, many sectors depend on agriculture.

The use of Losant framework to track farmland and to inform farmers of any anomaly observed by
the system was presented by the company’s (Kodaliet. al., 2016) via SMS or e-mail. Losant is a simple
technology platform based on IOT.

The automatic irrigation system was developed by (Gutiérrez et al., 2014) and used the GPRS module
as a communication device. The device is built into a portal that regulates the amount of water. Water
saving was 90% higher than conventional irrigation systems. It has been demonstrated.

For the sensing and control of irrigation from a remote location, (Kim et. al., 2008) used a distributed
Wireless network.

The apps in which (Gondchawar et. al., 2016) pose themselves are highlighted are the smart remote
GPS-based robot for tasks like spinning, spraying, detecting rain, scaring, watching over birds or live-
stock, etc.

The use of robot in agriculture was explored by (Katariya et.al., 2015). The robot is designed to fol-
low the white line path where a work is required, with a black or brown surface. The device is used to
spray fertilizer, drop plants, provide water and ploughing.

The use of R-CNN for the fruit identification of orchards is the topic of (Bargoti et. al., 2017), while
the training of the network inputs is subjective in three channel colour images (BGR).

The (Chen et al., 2012) proposed an automatic driving system to control undesirable pesticide sprin-
kling on plants. Chen et al. Using the depth sensor, the plant height is measured.

The (Spoorthi, et al., 2017) proposed a drone system. The farmer operates a quad-copter system
utilizing Wi-Fi via smartphone program. Drone systematically sprays chemicals on farm crops.

The (Ozgul, et al., 2018) suggested an X-boat robot device made up of different spray mechanism
parts, an insect repellent machine.

The (Diao, et al., 2017) suggested a system designed to spray pesticides on wheat using a digital
image capture camera module.

In order to spray the pesticide along with prediction of diseases, the proposed eAGROBOT robot
system is built by (Pilli, et al., 2015).

In order to detect soil moisture and spray water, (Patil, et al., 2016) suggested wireless technology that
would use the Arduino as a base microcontroller. Once plants are watered, the farmer gets the message.

The (Srisruthi, et al., 2016) proposed to detect a robot only in leaf colour that would detect the
temperature, heat moisture and light needed by the plant, along with a sprinkling pesticide or fertilizer.
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The (Lal, et al., 2017) proposed a system where robots could identify a way to spray the pesticide
through the field into all the field-infected plants.

The (Ko, et al., 2016) also suggested a steering and speed engine system. This paper addresses the
work and application of strategic navigation in the mechatronics robot architecture sense of advanced
automation and management schemes.

The robot device designed for watering the plant was suggested by (Yang, et al., 2017). This will be
tested by the robot and the borer bug found on tomato plants. A high-speed video processing algorithm
for the identification of infected plants was created.

The (R. Rafia et al., 2016) suggested a framework for robot water sprays, for monitoring water levels,
and for counting trees to indicate that water levels are less than the threshold level. a

The (Singh et. al., 2005) have demonstrated a robot system which uses the use of complex algorithms
based on fugitive logic to generate a spraying process.

The (Tan, 2016) says that the farmer plays the key role, because he can monitor the data in real
time and control the entire machine via software. The pesticide will be applied in a defined quantity
by devices such as a spray device. In the same manner, the irrigation controller assists for controlling
the irrigation system. DSAS deals with data provided by various sensors such as soil humidity sensor,
nitrogen sensor, and so on.

In order that the percentage of soil ingredients and wireless sensory-based irrigation system grew,
(Kumar, 2014) used fertility and pH meter.

IC 89¢52 has been used in the development of an intelligent irrigation system by (Ingale et. al., 2012).
Only if humidity and humidity drop below a fixed standard value does the prototype supply water and
therefore conserve water to some degree.

MAIN FOCUS OF THE CHAPTER
Small and Fragmented Land-holdings

The seemingly large number of net sown lands of 141,2 million hectares and a gross agricultural region
of 189,7 million hectares (1999-2000) is marginal when you see that it is split into tiny and dispersed
assets that are economically unsustainable.

In 1970-71, average farm size was 2.28 ha, but declined by 1980-81 to 1.82 ha and by 1995-1996 to
1.50 hectares.

Sub-splitting and division of farms are one of the main causes of our low productivity in agriculture
and backwardness. Some time and effort is expended in shifting crops, compost, machinery and bovine
animals from piece to piece of land.

In such limited and scattered regions, irrigation (Vishwakarma et. al., 2011) is becoming challenging.
In fact, much fertile land is lost unless borders are established. The farmer cannot focus on improvement
in such circumstances.

Seeds

Seed (Litvinov et. al., 2019) is a significant and important element for the achievement of increased crop
yields and sustainable farm output growth. The distribution of guaranteed seed quality is as essential as
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the manufacture of these seeds. Regrettably, the majority of farmers, especially small-scale and minor
farmers, do not have access to good quality seeds because of exorbitant prices of better seeds.

In 1963 and 1969 the State Farmers Corporation of India (SFCI) were established by the Government
of India to address this problem. In order to increase the supply of improved seeds to farmers, thirteen
SSCs have also been created.

Manures, Fertilizers and Biocides

Over thousands of years Indian soils have been used to farm crops without much attempt to replenish
them. A low productivity has culminated in degradation and enhancement of the soils. Almost all crops
have an average return that is the lowest in the world. This is a significant issue to be addressed using
additional fertilizers and compost.

Fertilizers and manure (Hampannavar et. al., 2018) play the same role as good food for the body in
soils. Just as a good body can do good work, a well-nourished field will produce good returns. The rise
in fertilizer use has been calculated at about 70% of the increases in agricultural production.

The growth in fertilizer use is therefore an agricultural success barometer. Nevertheless, in all areas of
an Indian-sized world populated by poor farmers there are practical problems to provide enough manure
and fertilizer. The perfect compost for the fields is the cow dung.

It is reduced, though, because much cow dung is used in the form of dung cakes as a kitchen fuel.
The situation has been compounded further by the decline in the availability of firewood and increased
demand for fuel in rural areas. Chemical fertilizers are expensive and often beyond poor farmers ‘ reach.
Consequently, both simple and nuanced are the fertilizer issues.

Irrigation

While India is after China the world’s second largest irrigated region, only one third of the cultivated area
is irrigated. Irrigation (Vishwakarma et. al., 2011) is the major agricultural input in a tropical mountain-
ous country such as India, when rainfall is uncertain and unreliable and erratic and Indian agriculture
can not continue unless and until more than half of the cultivated area has been irrigated.

The successes of agriculture in Punjab Haryana and west of Uttar Pradesh are testament to this reality!
About half of the agricultural field is irrigated! Large tracts are still waiting to be irrigated to improve
agricultural production.

Lack of Mechanisation

Despite the large-scale agricultural mechanization in some parts of the country, most farms are carried
out by people in larger parts utilizing plain and manual methods as well as devices such as wooden
plough, sickling etc.

Machines are little or no use to insert, cultivate, irrigate, thin and chop, weaven, thresh and carry
cultivations. Machinery is very small. Small and marginal farmers are the case. This leads to enormous
waste of time and low returns per user.

Agricultural processes must be mechanized urgently(Hampannavar et. al., 2018) in such a way as to
discourage wasting of labor and to render cultivation comfortable and effective. Agricultural machinery is
akey input for efficient, timely farming, facilitates multiple cultivation and thereby increases production.
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Soil Erosion

Wind and water are triggering soil erosion on large parts of productive soil(Hancock et. al., 2020). This
field needs to be treated correctly and its initial fertility returned.

Agricultural Marketing

Marketing of agriculture (Agbo et. al., 2015) in rural India is still badly developed. Farmers will depend
on local merchants and intermediaries for disposal of farm produce that is marketed at a discounted price
in the absence of sound marketing facilities.

Such farmers are mostly forced to sell their goods in poverty, under socio-economic conditions. In
most small towns, farmers offer their produce to the money lender they usually borrow from.

POTENTIAL SOLUTIONS AND RECOMMENDATIONS

The use of Al in farming allows farmers to grasp knowledge on temperature, plaster, wind speed and
solar radiation. The study of historical values provides a better assessment of the desired results. The best
part of Al in agriculture is that it does not destroy the work of human producers, but rather strengthens
their operations. Some of the benefits of Al in farming are,

e Al offers more effective ways in which essential crops are produced, harvested and sold.

e  Emphasis on Al’'s implementation to monitor faulty crops and to increase stable crop production
potentials.

e  Expansion in artificial intelligence technologies has increased the productivity of agro-based
companies.

e  Alisused in applications such as automated weather forecasting machine adaptations and disease
identification or pest identification.

e Al can thus improve the activities of crop management by encouraging other technology compa-
nies to invest in agriculture-enhanced algorithms.

e Al solutions that solve challenges faced by farmers, such as climate change, pest and weed infesta-
tion that decrease yields.

IMPACT OF ARTIFICIAL INTELLIGENCE IN AGRICULTURE:

Al technology easily corrects issues and advises specific actions to resolve the problem. In order to find
answers efficiently, Al becomes effective in tracking details. Let’s see how Al is used to improve results
in agriculture at reduced environmental costs. An illness with 98 percent specificity can be detected by
Al Through the adaption of the light for increased growth, Al lets farmers track fruit and green goods.
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Forecasted Weather Data

Al lets the farmer keep up to date with weather forecasting data(Kuniumon et. al., 2018) in an advanced
way. Farms can increase their yields and profit without risking their crop by the predicted data. The
analysis of the produced data enables the farmer to take precautions by Al awareness and learning. By
using these methods, an intelligent decision can be made on time.

Monitoring Crop and Soil Health

Alis an efficient means by which potential soil defects(Gobhinath et. al., 2019) and nutrient deficiencies
are detected or tracked. Al detects possible flaws of photographs captured by the camera with the image
recognition method. With the aid of Al profound science, flora variations are studied in agriculture.
Tools such as Al help the perception of soil deficiencies, plant pests and diseases.

Decrease Pesticide Usage

Al is accessible to farmers via computer vision, robotics and software education to control weeds. In-
formation are obtained using Al to test the plant, so that farmers can only spread chemicals where the
weeds are. The use of the solvent watering the entire field was thus immediately reducing. Therefore,
Al compared decreases the amount of chemical in the sector.

Al Agricultural Bots

Al-friendly technology lets farmers find more efficient ways of protecting their crops from weeds. It
helps to solve the problem of jobs. Al bots (Rafia, et. al., 2016)can harvest crops at higher volumes
and faster pace than workers in the agricultural sector. By using computer vision, weed monitoring
and spraying helps. It lets growers discover more efficient ways of protecting their crops from weeds.
Artificial Intelligence.

Farm Data Accessed by Al

Hundreds of thousands of datasets are produced by farms on the land. However, with the help of Al,
farmers can now analyse several things in real time. You will be able to assess the season, temperature,
water or soil conditions gleaned from your farm to explain your choices. For starters, Taranis, a lead-
ing agricultural intelligence company, partners with farms across four continents and provides farmers
with the eye on high-definition cameras. Al-driven innovations thus help farmers maximize their plans
to produce more generous yields by crop choices, best hybrid seed choices and optimization of capital.

Improving Harvest Quality
Today, Al systems help farmers enhance the quality and precision of their harvests with precision farm-
ing. This utilizes Al to help identify weed, insect, and low plant nutrient diseases in crops (Rupanagudi

et. al., 2015). In the right buffer area, Al sensors can detect and target weeds to decide which herbicides
to use. This helps prevent the use of herbicides and serious contaminants in crops today. For example,
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an Al for the identification of plant diseases was developed by the research team. TensorFlow, an open-
source library of Google, created a library of 2,756 images of manhook leaves from plants in Tanzania.
The team used the method, transfer of learning to teach Al to identify harvest disease and plague damage.
In this case, the disease with 98% precision has been detected by Al

Computer Vision Enabled Farming

Computer vision and deep learning algorithms are used by farmers to monitor their farms to capture
data from drones that fly over their fields. Al-powered cameras can capture images of the farm in almost
real time and evaluate images in order to identify problems and potentially improvements from drones.
Records revealed that, at the onset of an African swine fever epidemic in China, many major industrial
farms had, for example, attempted to identify and confiscate infected pigs using computer vision(Kapoor
et. al., 2016). Therefore, in much less time than humans, drones can capture much more ground.

Indoor Farming

New technology farmers today are optimistic and are switching to indoor cultivation. Indoor Farming
(Sabri et. al., 2005) is a technique of growing cultures or plants in a crowded setting, typically on a large
scale. The farm also utilizes cultivation techniques such as hydroponics and uses artificial luminaires
to provide plants with the required growth nutrients and light levels. Indoor agriculture fuelled by IA is
now enticing an entire new generation of farmers. For starters, the first fully automatic interior cultiva-
tion facility in the world opened last year at 80 Acres Farms, a leader in indoor production. Every step
of the increasing process is monitored by the IA-driven technologies.

The use of Al in farming makes it easier for farmers around the world to operate and allow farms of
all sizes to keep their food worldwide.

Food Quality and Quantity

Let us first look at the growing food quality concern. This covers food safety, pesticides and food prod-
ucts ‘ nutrition claims. The automated sorting process of products called optical sorting is one way of
improving food quality. The study of substance at the chemical level allows the system to spot secret
defects is focused on hyper-spectral cameras Optical sorting systems, especially in the potato industry
and for various vegetables, fruits and noodles, were increasingly being used. These systems both increase
efficiency and food safety by improving the accuracy of the detection of infected items. In pesticide
usage, robotics are generally able to improve the current situation by selecting the appropriate region
of use more accurately, i.e. enhancing spot spraying. Automatic machines for lettuce dilution, weeding
and spot spraying were built and their findings were promising.

UAV (Unmanned Aerial Vehicle) is the key breakthrough in increasing food production. We will
address many big farms problems by checking large areas for soil analysis, population count of plants,
plant diseases, disease detection, etc., in real time.

These can also be used to spray chemical successfully on seeds. The main advantages of UAVs are
that they can leave and landing vertically and that they can travel at low altitudes, rendering them ideal
for the most ground and plant forms. A second series of solutions is equipped with sensor networks to
maximize or at least secure food supply. A stand-alone early warning system has been developed for fruit
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fly outbreaks. Through wireless sensor network and GSM networks and predictive maps (two machine-
learning techniques), when the fruit population flies over a certain level, it can automatically send warn-
ing text messets to farmers and government officials. This method often improves the quality of food by
rising pesticide requirements. Greenhouse temperature sensors are another feature of sensor network. It
also increases the quality of the food through the elimination of the pesticide requirement. Greenhouse
temperature sensors are another feature of sensor network. For a while, sensors have been included in
greenhouse climate control but the introduction to traditional systems of Al-based technologies such as
neural networks or genetic algorithms has increased the returns and reduced water and energy usage.

Lack of Human Labour

Most of the above-mentioned innovations help reduce the need for human work in farming. The effective
human movement of optical sorting devices, automatic spot spraying machines and autonomous UAV's
has been performed for this purpose only. This is the case, for starters, with electric harvesters, driverless
tractors and robots(Singh et. al., 2005). As for the latter, I would take the Belgian example of Robovision
if I can be a little nationalist. Located in Ghent, this company offers deep learning technologies and ap-
plications for various industries, such as agriculture. A system utilizes deep neural networks and is in a
position to know how to plant a new plant form within a few minutes. Several institutions united on the
other side of the Atlantic to set up a powerful automated harvesting machine known as Demeter. It uses
two navigation systems complementary, one based on GPS and one based on camera. “Demeter is able
to plan harvesting operations for a whole field and then carry out its scheme by cutting crop line, cutting
consecutive rows, repositioning itself in the sector, and finding unforeseen obstacles.”

Water and Land Management

In many universities and research bodies more efficient irrigation schemes have been established and
Al techniques in this field have been successful. Most of the groundbreaking solutions are focused on
sensors and modeling parameters. The Enorasis project, a project funded by the European Union which
developed an intelligent irrigation system combining a weather analyser and a wireless sensor network
to offer farmers and water management organizations optimized and sustainable water management. The
business ConserWater achieved another impressive achievement in this respect. For machine-learning
soil moisture it has created an algorithm. It therefore only uses satellite data, historical weather data
and a variety of other factors without ground sensors. More than 100 farmers in several countries have
already been shown to be very effective and useful. The handy way it is distributed to customers can also
explain its success: a smartphone application available on Android and iOS. Increasing yields could be a
means of reducing the need for farmland. This can be achieved on many platforms (improving fruit and
vegetable sorting systems by using sensor networks in fields and greenhouses and so on) some of these
are already mentioned in this article. FarmView, a research team at the Carnegie Mellon School of Com-
puter Science (USA), specialized in increasing crop yield, is also exploring the plant breeding channel.
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THE POSSIBLE IMPACT OF THE Al (R)EVOLUTION

All these advances could improve the efficiency of agriculture to unprecedented levels that are needed to
overcome the many challenges facing the sector. But it is important to emphasize that these mainly focus
on big farmers  needs and that they are actually prohibitively expensive even if they could be beneficial
for small producers. They have to note that agriculture in Europe is highly heterogeneous. Therefore,
developing new innovative tools could broaden the already growing gap between two agriculture styles
by increasing production concentration and obliging small-scale farmers in niches on food markets to
survive. The concentration trend has been seen for more than a decade: the number of small-scale farms
dropped significantly during the period 2005-2013, and the number of larger farms slightly increased.

It’s not inherently bad, but the transition must be monitored and managed carefully. This could
also happen across countries inside nations. In reality, Al technology does not just reflect expensive
investments for farmers in purchase costs but also in research and development for public institutions.
Moreover, R&D for Al appears to be largely conducted in rich countries. Even if developing countries
adopt technology from other nations, they may not be enough for their specific agricultural sector. So
it is reasonable to think that developed countries are going to import food rather than technology. Over
and above the problem of various agricultural structures, developing countries may fail to implement
Al technologies in their agriculture sector due to a lack of well-educated workers in managing these
cutting-edge instruments. Nonetheless, having sufficient training for farmers should be of great impor-
tance to every state that is prepared to modernize its agricultural sector, as is important to optimize future
productivity growth and competitiveness for investment.

The European Union appears to be aware of future developments in farming and, more importantly,
its possible consequences. In agricultural policy but also in education and general trade policies this
situation requires subtle responses. Nevertheless, it remains unclear to date what context the traditional
agricultural policy for innovation will provide for post-2020.

Precision farming is one of the most disserted fields of agriculture today in the current world scenario.
Drone imagery may lead to a comprehensive field study, crop monitoring and farm testing. The Drone
Data and IoT will make sure that farmers take quick steps by combining computer vision technology.
Data from the drone picture will produce real-time warnings to speed up precise farming. Commercial
drone manufacturers including Aerialtronics for time image analysis have incorporated IBM Watson’s
IoT Framework and the Visual Recognition API. The vision processing and interpretation means that the
photos of the plant leaf are broken into areas such as the setting, the sickness region or the non-diseased
portion of the bladder. The contaminated or diseased region is then treated and sent for further testing
to the laboratory. This will also help to identify disease and deficit in the sensing of nutrients. Identify
the readiness of crops maturity of the green fruits is tested by photographs of different plants taken
under white and UVA illumination. Based on these analyses, farmers could produce different levels of
fruit or crop readiness. And attach them to different stacks before they are delivered to the sector. Farm
management Real-time forecasts can be obtained by farm mapping and identifying areas where crops
are required for fuel, fertilizers and pesticides utilizing high-definition imagery from drone and copters
systems. It strongly facilitates the utilization of capital. The best choice for plant and hybrid seeds based
on several criteria such as soil quality, weather forecast, crop form and plague infestation in specific
areas is suggested to farmers for optimum combination for agricultural products Cognitifer Solutions
recommend farmers. A tailored suggestion focused on the farm’s requirements, local conditions and previ-
ously successful farming results. Farmer decision-making could also include other external factors such
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as market trends, agricultural costs, consumer demands, specifications and aesthetics. Remote sensing
(RS) techniques and 3D laser scanning are essential for constructing crop metrics over thousand acres
of cultivable soil. It can contribute to a radical change in how agriculture is managed both in time and
effort by growers. It system is also used during their entire life cycle for tracking seeds, including record-
ing in the event of abnormalities. Irrigation is one of the working concentrated methods of cultivation,
helping farmers to irrigate. Al-structures will optimize irrigation and improve overall output, as they are
informed of historical weather pattern, sole condition and plants to cultivate. Around 70 percent of the
freshwater supplies worldwide are used for irrigation, which can conserve water and help farmers control
their water samples. Significant drone total market potential for drone related products in the world is
$127.3 billion, according to the latest PWC (Price Water House Coopers) report. Yet cultivation is $32.4
billion. Of livestock. Such Drone based solutions have many implications in the agricultural sector, such
as dealing with adverse weather, productivity gains, precise farming and management of crop yields.
Precision agriculture Farming precision is a more precise and regulated farming technique which,
in addition to providing guidance about crop rotation, substitutes for repetitive, hard-working farming.
High-precision farming, geological mapping, remote sensing, integrated electronic communication, vari-
able rate technology, optimal plants and harvest time calculator, management of water resources, plant
and soil nutrient management, attacks on pesticides and rodents are key technologies. This enables the
production of high-precision crop production. Objectives in precision agriculture Return on investment
Recognizes the strategic value of products and industries focused on expense and gross income. Effi-
ciency Improved, quick and cheap farming resources can be used by bringing in an efficient algorithm.
This allows effective total capital utilization. Sustainability In each season, improved additivity for all
performance indicators is ensured through the better economic and environmental operation. Precision
farmer cases handle the calculation through high resolution images and numerous sensor data by Al, of
the various stress levels in a field. This whole dataset produced from several sources must be used for
Al machine learning as an input data. It enables the integration of these data and recognizes plant stress
identification parameters. The developed Al machine learning models are educated on a variety of plant
photos and can identify different plant stress levels. The cumulative strategy can be divided into four
concurrent steps in which better and better choices can be defined, graded, quantified and predicted.
Yield Management using Al With the development of futuristic technologies such as artificial intel-
ligence, ML, satellite imaging and advanced analytics, a smart, efficient and sustainable agricultural
environment has been developed. The merger of these technology allows farmers to achieve a higher
yield per hectare and a more effective control of food grain prices to ensure that they continue to benefit.
Microsoft Corporation is currently in India, in the State of Andhra Pradesh, working with farmers ren-
dering farm consultancy services through Cortana’s intelligence suite, including machine learning and
power BI. It pilot project utilizes Al-based sowing, proposing a sowing date, cultivable land planning,
fertigation driven on soil analysis, FYM necessity, seed treatment and picking, incorporating farmers
¢ recommendations for seed volume, resulting in a 30 percent higher average crop per ha. AI models
can also be used to classify optimum crop seasonal factors, statistical climate data, real-time Moisture
Adequacy data (MAls), statistical rainfall data and soil moisture to build prediction diagrams and carter
inputs to farmers on the best seed time. Microsoft is designing a Pest Detection Software Interface in
partnership with United Phosphorus Limited and offers a strategic advantage of IA and machine learning
in advance, which is a possible pest threat. In accordance with United Phosphor Limited. Based on the
atmosphere, the stage of crop growth on the farm, pest attacks are expected to be large, medium or low.
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FUTURE RESEARCH DIRECTIONS

While Al provides huge opportunities in agriculture, a lack of familiarity with sophisticated high-tech
machine learning solutions still prevails across farms around the world. Exposure of farmers to external
factors, such as temperature, soil and pest-attack susceptibility, is strong. At the beginning of harvesting
a crop raise program planned at the beginning of the season may not seem appropriate because of exter-
nal parameters. To take reliable projections or estimates, Al systems too require a great deal of data for
training machines. Just when the regions are very growing, spatial data can be quickly obtained whilst
it is difficult to gather temporal data. Only once a year when the plants are grown can the various crop
specific data be obtained. As the software needs time to mature, a stable Al machine learning model is
built over a considerable period. This is a significant reason for the use of Al as seeds, fertilizers and
pesticides in agronomic products rather than as field-precision solutions. Eventually, the sustainability of
agriculture in the future depends primarily on the application of cognitive approaches. While extensive
research is still ongoing and many solutions are currently available, there is still no service available
to the agriculture industry. While the problems and demands faced by farmers are being addressed, Al
decision-making tools and quantitative approaches are being used to address them, Al farming is just
starting. Frameworks in agriculture should be more reliable in order to exploit the immense potential of
AL It will then be able to deal with frequent changes and shifts in external conditions on its own. This
would allow decision-making in real time and sequence the correct model / program for efficient collec-
tion of contextual data. The other important aspect is the extortionate quality of the different cognitive
approaches available on the market for farming. To order to ensure that development hits the farming
community, the Al technologies have to become feasible. When Al cognitive technologies are delivered
in an open source environment, solutions would be inexpensive, resulting in faster implementation and
a better understanding among farmers.

CONCLUSION

Today, Al research is used to address the problems of several sectors. In the fields of banking, infra-
structure, education, and now agriculture, Al is being used. Al helps farmers to track their crops without
having to watch the field directly. Most start-ups and businesses look forward to agricultural Al produc-
tion. The conventional agriculture model is being redefined by Al. AI’s vision of agriculture is far ahead
of offering innovative solutions to radical changes.

The purpose of the article was to provide an analysis of the latest Al and Agricultural robotics
developments as well as their ability to better transform this age-old and critically significant human
activity and to address the implications. But Al is not the only solution, even though it is a fantastic way
to overcome the challenges of the changing situation. Certain approaches to achieve sustainability, such
as permaculture, will dramatically improve food production while improving quality and reducing the
need for resources such as water and energy. Urban agriculture also provides a viable solution to the
problem of urbanization by moving part of the production of food closer to the working people as well
as to customers. It also helps to strengthen the picture of agricultural production by stressing the role of
growing food in the climate and the society. This optimizes land use, finally. There is a bright future for
agriculture, but the farmers of history may not.
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Chapter 3

Artificial and Natural
Intelligence Techniques as loP-
and loT-Based Technologies
for Sustainable Farming
and Smart Agriculture

Vardan Mkrttchian
HHH University, Australia

ABSTRACT

In this chapter, the author describes the main new challenges and opportunities of blockchain technol-
ogy for digital economy in Russia. The study in Russia showed that the Russian research community
has not addressed a majority of these challenges, and he notes that blockchain developer communities
actively discuss some of these challenges and suggest myriad potential solutions. Some of them can be
addressed by using private or consortium blockchain instead of a fully open network. In general, the
technological challenges are limited at this point, in terms of both developer support (lack of adequate
tooling) and end-user support (hard to use and understand). The recent advances on developer support
include efforts by of the towards model-driven development of blockchain applications sliding mode in
intellectual control and communication and help the technological challenges and created tools. The
chapter shows how avatars may communicate with each other by utilizing a variety of communications
methods for sustainable farming and smart agriculture.

INTRODUCTION

The degree of development of industrialization and the widespread introduction of new technologies
unquestionably lead to the transition of the world into a new digital era. This period is characterized by
the rapid development of high technologies that penetrate into all spheres of our life. The widespread
use of cloud technology, the Internet of Things (IoT), virtual and augmented reality, 3D printing, and
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the development of quantum technologies, robotics and other technologies as a result has become the
driving force of the Fourth Industrial Revolution, also known under the term “Industry 4.0 “.

If at the turn of the century not a single farm around the world used sensor technologies, then by 2025
their use is expected to increase to more than 500 million sensors, and by 2050 - more than 2 billion
smart agro sensors. Moreover, it is expected that for the period 2017-2022. The aggregate average an-
nual growth rate of the Internet of things market in the agro-industrial complex (agriculture IoT, AloT)
will be 16-17%. According to the PwC (Price water house Coopers) forecast, the minimum economic
effect of introducing IoT technologies into the agro-industrial complex by optimizing personnel costs
and reducing crop losses and fuels and lubricants by 2025 could amount to 469 billion rubles.

If we talk about the long-term effect of the introduction of IoT technologies in agriculture, then it will
be primarily associated with significant savings in materials and resources and, as a result, optimization
of the costs of agricultural enterprises. In addition, new technologies will increase yield and, as a result,
increase revenue. All this in the future will have a direct impact on the marginality and competitiveness of
enterprises. According to forecasts of the development of the world food market by 2050, in connection
with an increase in the population of the Earth (by about 2.3 billion people (about 33%) and an increase
in its well-being, consumption will naturally occur, moreover, in favor of agricultural products. The
country in terms of potential for increasing the arable land necessary for food production is, of course,
the Russian Federation. Thus, against the backdrop of ongoing changes and taking into account the main
trends of world development, the search and implementation of new methods, methods and technolo-
gies in the agro-industrial complex is one of the paramount tasks. At the state level, this issue is being
actively discussed and worked out. As part of the National Technology Initiative (STI), the concept of a
FoodNet market roadmap is currently being developed. The FoodNet market is a market for the produc-
tion and sale of nutrients and final types of food products (personalized and general, based on traditional
raw materials and their substitutes), as well as related IT solutions (for example, providing logistics and
selection services individual nutrition). The key market segments will be “smart” agriculture, acceler-
ated selection, new sources of raw materials, affordable organics, personalized nutrition. Ultimately,
according to NTI, it is planned to create such services and products that will occupy from 5 to 15% of
the global market (depending on the segment). The basis for the development of the above segments of
the FoodNet market is the use of Internet of things technology.

As part of the execution of the order of the Deputy Prime Minister of the Russian Federation A.V.
Dvorkovich dated October 21, 2016 in accordance with the Decree of the President of Russia Vladimir
Putin dated July 21, 2016 “On measures to implement the state scientific and technological policy in
the interests of agricultural development” “In order to implement the” Strategy for improving the qual-
ity of food products until 2030 ” A draft roadmap was developed for the development of the Internet
of Things (IoT) in the Russian agro-industrial complex (AIC). The development of this document was
carried out by experts of the Internet Initiatives Development Fund (IIDF) with the participation of the
Open Government, the Internet of Things Association (IoTA), the Department of Information Technol-
ogy (DIT) and the Russian Ministry of Agriculture. According to the draft roadmap, by 2020 the share
of developments in the domestic component base for creating equipment in the field of the Internet of
Things should be 14% (today it is 7%), the share of agricultural enterprises using IoT solutions should
reach 30%. In addition, by the same time, it is planned to implement at least 20 pilot projects for the
implementation of IoT technologies in the agricultural sector.
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MATERIALS AND METHODS

The blockchain technology won the interest of many individuals and corporations due to its technological
capabilities and scalability for various use cases. This led towards the disruption of traditional internet
/ intranet, business models alongside services such as the way we conduct business, transactions and
managing information in effective and secure ways. These use cases clearly communicate a message for
systems and experience designers to get equipped with relevant skills and to keep polishing them as the
technology grows. Following the evolution brought by this rapid introduction, the blockchain technology
nowadays consists of three types being the ‘public’, ‘private’ and ‘federated / consorted’. In a nutshell
these block chains share similar functionalities. In terms of differences, pretty much they rely on the use
cases, permission levels and privacy. The blockchain within the business context brings several advan-
tages such as time saving over work processes, minimizing costs, risk reduction and increase in trust.
By learning these values and benefits, we designers will have the ability to foresee how this technology
can reshape our clients’ businesses notwithstanding the knowledge and confidence we need to guide
and proposing right solutions fitting their needs. However for that to happen, the business must have a
network of some kind in order to ensure a solid foundation of a good blockchain use case. It is often said
that ‘with great power comes great responsibility’. This statement is heavily applicable when it comes to
this technology. The blockchain restores control and ownership of information back to its rightful owner
thus eliminating dependencies on central authorities and third parties (Mkrttchian & Aleshina, 2017).

BACKGROUND

The Internet of things is one of the key technologies that can radically change the economy of the coun-
try and the world at the present stage. The agro-industrial complex, in view of numerous causes and
global trends, is the most important area where these technologies can and should be implemented. The
rapid development of information and communication technologies and their widespread use largely
determine the fundamental social transformations. New social realities are also characterized by the
increasing role of human capital as the basis for the development of the knowledge economy. The most
important factor in the formation of social capital is the development of science and education. In order
to be a successful and highly qualified professional today, a person needs to be able to competently
navigate in a rapidly changing environment, quickly make the right and informed decisions, which is
only possible if he is able to constantly replenish and update his knowledge and develop skills, and gain
experience. This suggests that his studies do not end with the walls of an educational institution and
receive an appropriate diploma. A person simply needs to learn throughout his life, in addition, the age
of information technology provides unlimited opportunities for this. Of particular relevance is the idea
of lifelong learning. Being one of the key trends in the development of education, along with informa-
tion, individualization, differentiation, diversification, multivariate and multi-level, the possibility of
obtaining continuing education is impossible without the use of ICTs that can provide the maximum
flexibility and variety of forms. Let us examine in more detail how the development of information and
communication technologies influenced education and was reflected in the change in various forms of
training. It is worth noting here that it is not the forms of training themselves that are changing to a greater
extent, but rather the forms of representing educational resources, visual and technical teaching aids.
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The development of technical means was reflected in the changes associated with the visualization of
educational information. So, from paper visual materials, one can trace the transition to their electronic
form, then to the use of various technical demonstration tools. The development of the Internet has
significantly expanded the possibilities for exchanging educational materials, first through e-mail, later
chat and, of course, social networks, including providing the opportunity to work with a large number
of students simultaneously. The following types of information educational technologies can be distin-
guished: electronic technologies, computer technologies, multimedia technologies, distance technologies,
Internet technologies, and video conferencing technologies. The development of educational informa-
tion technologies is associated with the introduction of personal computers in the educational process.
Electronic technologies that appeared in the 70s of the XX century were based on the use of computers
and information retrieval systems, but already in the 80s they were replaced by computer technologies.
It was during this period that the personal computer became a learning tool.

THE ANALYSIS OF WORLD EXPERIENCE IN TRANSFORMING
INDUSTRY INTO THE DIGITAL ECONOMY AND THE TRANSITION TO
CYBER-PHYSICAL SYSTEMS OT THE INTERNET OF THINGS

In analysis of world experience in transforming industry into the digital economy and the transition to
Industrial IoT shows that work is being carried out in accordance with the concept of the fourth industrial
revolution Industry 4.0 as part of the transition to the digital economy and the introduction of Smart
Manufacturing, Digital Manufacturing, Internet of Manufacturing, Open Manufacturing technologies
(Abubakar, et all, 2017).

The foundations of the transition to the digital economy have been described for a long time in the
writings of Tapscott, D. (1996) (Baliga, et all, 2011). . Digital economy - various the way to effective
application of technologies (BIM, PLM, CAD, IOT, Smart City, BIG DATA and others). The Inter-
national Journal of Open Information Technologies, 4 (1)) on the digital economy was devoted to the
importance of the integrated application of technology. It noted, for example, that the joint use of build-
ing information modeling (BIM) technology and geographic information technology (GIS) is the path
to building systems that work efficiently in the life cycle of the design, construction and operation of a
building. This is a conclusion made by leading world experts and practitioners (Kopytko, et all,2018).

The essence of cyber-physical systems is that they connect the physical processes of production or
other other processes (for example, transmission and distribution control of electric power), which require
the practical implementation of continuous control in real time, with software and electronic systems.
This is a rather little studied topic in Russian literature. At the same time, its importance is obvious
(Babu, et all, 2016), (Blanco-Nova, et all, 2017).

Cyberphysical systems are characterized by multidimensionality, structural and functional complexity.
Research in this area lies at the intersection of many disciplines and is still in the initial stage of develop-
ment. All this determines the need to develop adequate methods for their design. The most promising
approach is the model-based approach. A review of the design methods, modeling and integration of
CFS, as well as signs of their use are presented. The diversity of descriptions of such systems, consisting
of physical, cybernetic and communication parts, requires a certain unified approach to the descrip-
tion, which would allow simple integration of parts into a single whole, reuse of parts, and also support
portability and interoperability. These requirements can be satisfied to some extent using the languages
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UML, SysML, XML. However, the disadvantage of these languages is either a focus on the presentation
of syntactic information, or limited semantics. Semantic Web technologies offer much greater opportuni-
ties. For example, descriptions based on ontologies make it possible to present semantic information in
addition to syntactic information. In addition, there is the possibility of ontological rezoning, which is
useful in the analysis, verification and validation of the ontological model (Guo, et all, 2019).

The models and methods proposed in the project correspond to the world level of scientific research,
which is confirmed by the increase in the number of scientific publications in recent years in the field
of creation and development of intelligent cyberphysical systems such as “Smart Energy Grid”, “Smart
Road”, “Smart city” (Smart City). These systems are developed on the basis of technologies for distrib-
uted processing of big data, methods of intellectual analysis and machine learning, M2M interaction
of cyberphysical devices in the network of the industrial Internet of things, etc. In recent years, many
foreign publications have appeared in a similar field (Kailas, et all,2012).

An example of the smart environment for Smart City is the Smart Road. Therefore, research and de-
velopment in this area occupy a large place. For such environments, the main component is an intelligent
transport infrastructure monitoring system; Smart City Road Monitor by Imagem and Antea Group wins
Geospatial World Excellence Award. http://geoinformatics.com/smart-city-road-monitor-wins-award/].
An example of research on the analysis of streaming information and forecasting the development of
situations in this area is the development of a road traffic modeling system for forecasting traffic incidents
with coordinate reference to digital map layers. To process sensory data in cyberphysical systems, it is
proposed to use nodes of sensory networks (a layer of “foggy” computing). Wireless sensor networks
are now widely used in various fields of human activity, which determines the huge interest in them
from scientists and research to create new innovative developments. Leading developers of software
and hardware, for example, NXP, offer innovative developments in terms of integrating several network
technologies and protocol stacks (technological and network convergence), for example, the connected
ZigBee and Bluetooth modules in the sensor node. Examples of publications in the field of wireless
sensor network application research. The fog computing platform is a variation of the cloud computing
model, which differs in that the computing nodes for distributed data processing are not servers, but
sensor nodes with limited computing and energy resources. Ontologies and ontological models began to
be used in modeling cyberphysical systems relatively recently proposes a semantic framework based on
the use of models for system design, tracking requirements, simulation and assessment of cyberphysical
systems. In this paper, domain ontologies are used for computing and decision making (Li, & Li, 2015).

Work is associated with the development of knowledge structures to support the correct (“‘correct-
by-design”) design of cyber-physical systems (CFS). This article presents a new ontological knowledge
base and logical conclusion to support decision-making for cyber-physical systems. This allows the
development of deterministic, provable and feasible models of cyberphysical systems supported by reli-
able semantics, which strengthens the approach to the design of cyberphysical systems based on model
management (Leslie, et all,2012).

An approach is proposed to develop a digital representation of all information available about an
object and from an object, which can be a hardware system or software platform. Digital presentation
is based on semantic knowledge presentation formalisms such as RDF, RDF Schema, and OWL. In this
paper, we also introduce the concept of the Semantic 14.0 component, which solves the problems of
communication and understanding in the scenarios of Industry 4.0 using semantic technologies.

The brief overview given above testifies to the facts of using ontological models for modeling structures
of cyberphysical systems, contexts of cyberphysical systems, verification of projects of cyberphysical
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systems, decision-making in the design process, and presentation of information about an object. At the
same time, it can be stated that at the moment there are no works that use dynamic ontological models
in which changes would be incorporated into their semantics (Nagy,et all,2016).

Currently, the ontological approach is used in combination with model-oriented design, and in the
future it can completely replace. In general, ontology-based software development refers to new methods
by which ontologies can help improve models, techniques and software development processes. Benefits
include optimal verification of program code, reusability of artifacts, and increased levels of interaction
and integration of software system components (Peffer, et all, 2015).

The direction of development of management methods and forecasting the behavior of cyberphysical
systems and processes are technologies for extracting knowledge and the intellectual analysis of big data.
Big data has a number of properties . High speed of generation and processing of data in real time, which
allows you to make the most appropriate decisions regarding specific impacts on the control process. C)
Diversity - a wide range of information generated from various sources in various formats, with differ-
ent structure and size, sorted into different categories related to all aspects of the management process,
which allows preparing classifications, groupings, correlations. D) The complexity of processing and data
management - the heterogeneity of data that are taken from various sources requires a comprehensive
and heterogeneous data processing methodology (Philips Lighting Catalog., 2014).

The method of deep analysis of processes (Process mining) can be considered as the development of
the method of deep analysis of data (Data mining), but as a result of the use of Process mining, an output
is obtained that describes the dynamics of the system. The ancestor of the Process mining method is
Wil van der Aalst. This method is actively developing in its group. The basic principles of the Process
mining method are described. The process mining method begins to be actively used in monitoring
systems (Roman, et all,2013).

A new approach to the automatic generation of trust properties obtained as a result of studying and
analyzing the system using the Process mining method and comparing with the formal specification of
the tested system is proposed (Stojkoska, & Trivodaliev, 2017).

The use of the Process mining method in an online and traditional audit system is proposed. Moreover,
a continuous information monitoring system is proposed, which can identify and prevent risks in the big
data environment in advance by monitoring risk factors in organizations and enterprises. The aim of this
work is to develop a preliminary risk factor verification system using practical examples of sales audits.

A promising direction is the expansion of the Process mining method of the semantic component. An
attempt in that direction was made. This study examines the learning process - how data from various
process areas can be extracted, semantically prepared and converted into executable mining formats to
support real-time detection, monitoring and improvement of processes. At the same time, the proposed
method allows predicting individual patterns / behavior through further semantic analysis of the gener-
ated models. The article proposes the formalization of the so-called “Semantic Learning Process Min-
ing (SLPM)”, technically implemented as a “fuzzy semantic miner” (Semantic-Fuzzy Miner), (Singh,
Khosla., & Mittal, 2019).

An analysis of the literature on the use of the Process mining method in monitoring systems showed
that a promising, but not yet explored segment is the extension of the Process mining method of the
semantic component based on the use of ontologies (Shie, Lin, Su, Chen, & Hutahaean, 2014).

In conclusion, we note that a review of the scientific literature and existing design studies in this field
of knowledge showed that there are a number of problems, which include the lack of adequate mathemati-
cal models for the analysis of large sensory data and the in-depth analysis of processes in cyberphysical
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systems, the imperfection of technologies for accounting for hidden patterns in time series and event
logs, taking into account the influence of external factors and random fluctuations on the behavior of
the cyberphysical system, the complexity of automation to accept I make decisions in the process of
monitoring and process control in cyber-physical systems. This confirms the relevance of the proposed
project, aimed at developing new models and methods for modeling and designing cyberphysical systems
(Singh, et all, 2019).

The Main Scientific Competitors

The most widespread research in the field of knowledge related to the development of cyberphysical
systems and technologies of the Internet of things is conducted in the countries of the USA, EU, China,
Japan and Korea by research institutes, universities with the support of public authorities. Let’s consider
some projects in this area (Tsai, et all, 2014).

1. Intel is developing models, methods and technologies of cloud and GRID computing to increase
the efficiency of distributed computing, reduce the complexity of the practical use of cloud solu-
tions and increase the security and stability of distributed computing systems. The main focus is
the development of solutions and tools for cloud data centers.

2. Toshiba is working in the field of combining cloud computing, big data and smart technologies to
support the work of the energy sector, healthcare and services as part of the implementation of the
“Smart Human Community” concept.

3. Cisco is developing Internet of Things technologies using the network infrastructure of multiple
sensors and distributed data processing systems based on a fog and cloud computing model. Toshiba
and Cisco are conducting joint research on the Internet of Thing, creating the ubiquitous wireless
Internet, machine communications, fog and cloud computing in a wide range of devices for managing
multimodal transport and smart cities. The main goal is to increase the efficiency of technological
processes, productivity and functional capabilities of production, transport and the urban environ-
ment. The basis is the development of the ubiquitous Internet (Internet of Everything) by combin-
ing the infrastructure of the Cisco Fog Computing network with Toshiba Group technologies in
the area of network point management. This will allow you to track and maintain geographically
remote devices, to develop distributed computing technologies.

Scientific research in terms of the creation and development of an industrial Internet of things net-
work for cyberphysical systems, smart energy grids (Smart Energy Grid), and the use of fog computing
are carried out by:

1. A research team led by Professor Ivan Stojmenovic from Deakin University, Burwood, Australia
and University of Ottawa, Canada. It discusses the use of the fog computing paradigm for build-
ing hybrid control systems for distributed monitoring systems and creating smart traffic lights &
connected vehicles and smart roads for unmanned vehicles (smart road trip & smart car).

2. Ascientific group of researchers led by Professor Umakishore Ramachandran (Georgia Institute of
Technology, USA), which offers the concept of creating a mobile fog based on building a computing
environment based on mobile communication devices that will simultaneously solve distributed
data processing tasks in the background by analogy with construction of GRID computing systems
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based on stationary computers connected to the Internet. A group of researchers is developing a
migration model of distributed data processing based on the migration of cloud and fog comput-
ing models. This allows you to use cloud-fog resources in dynamic mode, for example, to perform
calculations either in the cloud or in a foggy environment, depending on the resources provided at
the current time when changing the ability to access resources, changing bandwidth, etc.

3. The research team led by Professor Alois Zoytl. He is currently a professor in the field of cyber-
physical systems for design and production at Johannes Kepler University, Linz, Austria. He is
also a part-time professor at the Fortiss Research Institute, Munich, Germany, where he led the
Industry 4.0 area of expertise. 4. The research team led by Professor Thomas Strasser (Thomas
Strasser). He is currently a Senior Fellow at the Center for Energy, AIT of the Austrian Institute
of Technology, Vienna, Austria. His main responsibilities include strategic development of Smart
Grid automation projects and validation of research projects.

To scientific competitors in this field of knowledge can also include:

1. Jose Martinez Lastra - Professor, Tampere University of Technology, Tampere, Finland. His re-
search is related to the use of information and communication technologies in the areas of industrial
automation and industrial systems. He leads the FAST lab at Tampere University of Technology,
whose goal is to integrate human and machine knowledge. He has participated in several European
R&D projects, for example, Arrowhead (2013-2017), C2NET: Cloud Collaborative Manufacturing
Networks (2015-2017), Movus: S ICT Cloud-based platform and mobility services: available,
universal and safe for all users (2013-2016).

2. Mark Austin - Associate Professor, University of Maryland, USA. Currently, his research interests
are: a) system design and integration of cyberphysical systems based on ontological models; b)
Modeling, analysis and design of cyberphysical systems; ¢) Semantic approaches to modeling the
behavior of distributed cyberphysical systems.

3.  Birgit Vogel-Heuser - Professor at the Technical University of Mu