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Future Communication Systems Using
Artificial Intelligence, Internet of Things
and Data Science

Future Communication Systems Using Artificial Intelligence, Internet of Things and Data
Science mainly focuses on the techniques of artificial intelligence (AI), Internet of Things
(IoT) and data science for future communications systems.

The goal of AI IoT and data science for future communications systems is to create a
venue for industry and academics to collaborate on the development of network and sys-
tem solutions based on data science, Al and IoT. Recent breakthroughs in IoT, mobile and
fixed communications and computation have paved the way for a data-centric society of
the future. New applications are increasingly reliant on machine-to-machine connections,
resulting in unusual workloads and the need for more efficient and dependable infrastruc-
tures. Such a wide range of traffic workloads and applications will necessitate dynamic and
highly adaptive network environments capable of self-optimization for the task at hand
while ensuring high dependability and ultra-low latency.

Networking devices, sensors, agents, meters and smart vehicles/systems generate mas-
sive amounts of data, necessitating new levels of security, performance and dependability.
Such complications necessitate the development of new tools and approaches for provid-
ing successful services, management and operation. Predictive network analytics will play
a critical role in insight generation, process automation required for adapting and scal-
ing to new demands, resolving issues before they impact operational performance (e.g.,
preventing network failures and anticipating capacity requirements) and overall network
decision-making. To increase user experience and service quality, data mining and ana-
lytic techniques for inferring quality of experience (QoE) signals are required.

AT IoT, machine learning, reinforcement learning and network data analytics innova-
tions open new possibilities in areas such as channel modeling and estimation, cognitive
communications, interference alignment, mobility management, resource allocation, net-
work control and management, network tomography, multi-agent systems and network
ultra-broadband deployment prioritization. These new analytic platforms will aid in the
transformation of our networks and user experience. Future networks will enable unpar-
alleled automation and optimization by intelligently gathering, analyzing, learning and
controlling huge volumes of information.



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


https://taylorandfrancis.com

Future Communication Systems
Using Artificial Intelligence,
Internet of Things and
Data Science

Edited by
Dr Inam Ullah, Dr Inam Ullah Khan, Dr Mariya Ouaissa,
Dr Mariyam Ouaissa and Dr Salma El Hajjami

CRC Press
Taylor & Francis Group
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business




Designed cover image: Shutterstock Images

First edition published 2024
by CRC Press
2385 N'W Executive Center Drive, Suite 320, Boca Raton FL 33431

and by CRC Press
4 Park Square, Milton Park, Abingdon, Oxon, OX14 4RN

CRC Press is an imprint of Taylor & Francis Group, LLC

© 2024 selection and editorial matter, Dr Inam Ullah, Dr Inam Ullah Khan, Dr Mariya Ouaissa, Dr Mariyam Ouaissa,
Dr Salma El Hajjami; individual chapters, the contributors

Reasonable efforts have been made to publish reliable data and information, but the author and publisher cannot
assume responsibility for the validity of all materials or the consequences of their use. The authors and publishers
have attempted to trace the copyright holders of all material reproduced in this publication and apologize to copyright
holders if permission to publish in this form has not been obtained. If any copyright material has not been acknowl-
edged please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmitted, or
utilized in any form by any electronic, mechanical, or other means, now known or hereafter invented, including pho-
tocopying, microfilming, and recording, or in any information storage or retrieval system, without written permission
from the publishers.

For permission to photocopy or use material electronically from this work, access www.copyright.com or contact the
Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923, 978-750-8400. For works that are
not available on CCC please contact mpkbookspermissions@tandf.co.uk

Trademark notice: Product or corporate names may be trademarks or registered trademarks and are used only for
identification and explanation without intent to infringe.

ISBN: 9781032632032 (hbk)
ISBN: 9781032648279 (pbk)
ISBN: 9781032648309 (ebk)

DOI: 10.1201/9781032648309

Typeset in Minion
by codeMantra


https://doi.org/10.1201/9781032648309
http://www.copyright.com
mailto:mpkbookspermissions@tandf.co.uk

Contents

Preface, vii

Editors, ix

Contributors, xiii

SECTION |

CHAPTER 1

AloT and Challenges for Future Communication Systems

= Artificial Intelligence in the Internet of Things, Recent
Challenges and Future Prospects

CHAPTER 2

FazaL WAHAB, MosA KHAN, INAM ULLAH AND YUNING TAO

= Artificial Intelligence (Al)-Powered Internet of Things (loT):
Smartening Up loT

18

CHAPTER 3

AMAL SAIF AND QASEM ABU AL-HAIA

= Bridging the Future: The Confluence of Internet of Things
and Artificial Intelligence in Communication System

30

SecTioN I

CHAPTER 4

RAHIM KHAN, XUEFEI MA, SHER TaJ, HINA HASSAN, INAM ULLAH,
ABDULLAH ALWABLI, YUNING TAO AND HABIB ULLAH

The Future of Data Analytics in Communication

= The Future of Artificial Intelligence in Communication

57

CHAPTER 5

SADAF HUssAIN, TANWEER SOHAIL, RABIA AFZAAL AND MUHAMMAD ADNAN KHAN

= Data Science Meets Intelligent Internet of Things

73

CHAPTER 6

INAM ULLAH, JAZ AHAMD, MUHAMMAD SHAHID ANWAR, YUNING TAO
AND MUHAMMAD SHAFIQ

= Data Science and Big Data Analytics

92

FaisaL REHMAN, MUHAMMAD MUNEER, MUHAMMAD HAMZA SAJJAD AND NAVEED RiAz



vi m Contents

CHAPTER 7 =

Artificial Intelligence and Machine Learning with Cyber
Ethics for the Future World

110

WASSWA SHAFIK

SectioN Il loT-Based Techniques for Smart Future Architectures

CHAPTER 8 =

Internet of Metaverse Things (loMT): Applications,
Technology Challenges and Security Consideration

133

CHAPTER 9 =

MUHAMMAD SHAHID ANWAR, WADEE ALHALABI, AHYOUNG CHoI, INAM ULLAH
AND AHAD ALHUDALI

Social Internet of Things (SloT): Recent Trends and Its
Applications

159

CHAPTER 10 =

IRSHAD KHALIL, ADNAN KHALIL, INAM ULLAH, YUNING TAO, JAz KHAN,
SHAHZAD ASHRAF AND WALEED M. ISMAEL

The Role of Software Defined Internet of Things (SDloT)
in Cloud Computing

193

CHAPTER 11 =

HANIA BATOOL, ADILA MEHDI AND AHTHASHAM SAJID

Internet of Vehicles (loV): Challenges, Threats
and Routing Protocols

205

CHAPTER 12 =

MARIYA OUAISSA, MARIYAM OUAISSA, SOUKAYNA RIFFI BOUALAM,
ZAKARIA BOULOUARD, INAM ULLAH KHAN AND SARAH EL HIMER

Edge Computing in the Digital Era: The Nexus of 5G, loT
and a Seamless Digital Future

213

INDEX, 235

ZAHID RASHEED, YONG-Kui MA, INAM ULLAH, YUNING TAO, 1Az KHAN, HABIB KHAN
AND MUHAMMAD SHAFIQ



Preface

T ECHNOLOGICAL ADVANCEMENT HAS CHANGED the overall world dynamics. Integration
of artificial intelligence (AI), Internet of Things (IoT) and data science has transformed
the landscape of communication systems. Future communication systems will be mainly
based on data. New technologies will easily connect and exchange information from one
place to another.

AT and machine learning are used to improve the efficiency of intelligence commu-
nication systems. With the help of machine learning techniques, predictive analysis can
be made possible, while AI-based techniques will easily redefine communication systems.
Also, cyber ethics will play a pivotal role during human-machine interaction.

Interconnectivity can be made possible through the IoT. Intelligent communication sys-
tems will facilitate real-time applications within smart homes and cities, which will lead to
industrial automation.

Data science is basically utilized to extract meaningful information generated by
Artificial Intelligence of Things (AIoT) devices. This will open new opportunities for
researchers, engineers and scientists. The merger of Al, IoT and data science will enhance
communication systems.

This book provides detailed information about future communication systems. Also,
it explains the relationship between Al, IoT and data science. Each chapter presents tech-
nological advancements, solutions, ethical considerations and opportunities. This book
presents a detailed guide for researchers and practitioners about future communication
systems.

This edited book proposes comprehensive knowledge about Al IoT, data science, social
IoT, internet of metaverse things, software defined IoT, cloud computing, routing proto-
cols, 5G, digital computing, threats, internet of vehicles, machine learning and future of
communication systems. We invite readers all around the world to explore the limitless
possibilities and impact of advanced technologies. The technological revolution is reshap-
ing the entire world through intelligent and connected communication systems.

This book will be divided into three sections. The first section will introduce AT and IoT
as actors that can help address the challenges of future communication systems. The sec-
ond section will go in depth and shed light on the future of data analytics in communica-
tion, and the last section will explore IoT techniques applied in smart future architectures.

vii
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SECTION [: AloT AND CHALLENGES FOR
FUTURE COMMUNICATION SYSTEMS

In the opening section, we set the stage. Chapter 1 provides a comprehensive study that
explores the integration of Al and IoT. Al plays an important role in the advancement of
societies. Data-centric decision-making will improve our daily lives. Chapter 2 focuses on
AT and IoT applications that are reshaping industries. This integration of technologies will
boost the healthcare and transportation industry. This transformation will lead to smart
cities. With the help of Al-based tools, precision agriculture, networked environment,
resource optimization and ethical considerations need to be regulated. Chapter 3 presents
the merger of IoT with AI Basic concepts of 10T, challenges and real-time applications are
discussed. This chapter provides an understanding of the synergistic potential of IoT and
Al in shaping the future of communication systems.

SECTION II: THE FUTURE OF DATA ANALYTICS IN COMMUNICATION

Our journey then takes a deep dive into the future of data analytics in communication.
Chapter 4 illustrates the future of AI in communication. Privacy, security, transparency
and accountability are discussed in detail. AT’s impact on human-computer interaction is
briefly explained. Al-enabled chatbots, virtual assistants, and language models are discussed.
Chapter 5 aims to investigate the potential of convergence to disrupt industries, build smart
cities and nurture a more linked and efficient future through real-world examples. Basically,
this chapter explains well the concept of data science with IoT. Chapter 6 covers previous
research in big data analytics aimed at exploring new patterns in this field to solve academic
and business problems, as well as addressing current obstacles. Chapter 7 demonstrates the
significance of integrating cyber ethics into the fabric of MAI development, enabling a future
world where these technologies serve as tools for positive societal transformation.

SECTION 11I: 1oT-BASED TECHNIQUES FOR
SMART FUTURE ARCHITECTURES

IoT techniques applied in smart architectures emerge as focal points. Chapter 8 provides
an in-depth overview of common Internet of Metaverse Things (IoMT) applications and
applications of metaverse in different sectors such as healthcare and therapy, education and
training, gaming and entertainment, smart city, estate, retail, e-commerce, socialization,
work and collaboration, advertising and marketing. In Chapter 9, a novel idea is intro-
duced which is named as social IoT. Related trends and applications of SIoT are discussed.
Chapter 10 is basically a survey paper, where the history of SDN and its integration into
cloud computing systems are discussed. Also, this chapter focuses on the architecture of
SDN-enabled IoT cloud networks, and its related applications are discussed. Chapter 11
explores the challenges and opportunities of the internet of connected vehicles, and rout-
ing protocols are presented. Chapter 12 presents various computing models, highlight-
ing cloud, edge, fog and moisture computing and salient features of edge computing.
Integration of 5G, IoT and digital communication systems is well explained.
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CHAPTER 1

Artificial Intelligence in
the Internet of Things,

Recent Challenges and

Future Prospects

Fazal Wahab

Northeastern University

Mosa Khan
University of Malakand

Inam Ullah

Gachon University

Yuning Tao
South China University of Technology

1.1 INTRODUCTION

In this chapter, we will explain Artificial Intelligence (AI) in the Internet of Things (IoT),
Machine Learning (ML), and their applications in IoT.

1.1.1 Artificial Intelligence in the Internet of Things

The IoT and AT are two significant developments in the ever-evolving field of technology
that are having a profound impact on the world as we know it. The IoT is no longer a futur-
istic theory but a pervasive reality that has profoundly altered the way we interact with the
physical world. The integration of a wide range of devices, sensors, and systems creates a
complex network that permeates our everyday lives. This network facilitates the gathering,
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dissemination, and independent analysis of data on an unparalleled level. The IoT has sig-
nificantly transformed the way individuals establish connections, engage in communication,
and interact with the tangible environment [1]. The acronym IoT refers to a sophisticated
network of interconnected objects, sensors, and systems with autonomous capabilities to col-
lect, exchange, and analyse data. In contrast, artificial intelligence (AI) comprises a variety
of technologies, including ML and deep learning, which facilitate the emulation of human
intellect by machines. These technologies enable machines to acquire knowledge from data
and utilise it to make informed judgements. The integration of AI and IoT, referred to as
AloT, offers substantial prospects for enhancing efficacy, security, and convenience across
several industries, such as manufacturing, healthcare, and intelligent communities.

The immense potential of AIoT becomes apparent when we contemplate the boundless
opportunities it holds for the future. The potential of AIoT capabilities is set to be enhanced
by the emergence of technologies such as 5G connectivity and edge computing, hence
expanding the boundaries of what can be achieved. Al algorithm sophistication contin-
ues to rise, promising deeper insights from IoT-generated data, more exact forecasts, and a
higher level of automation. The stage is set for more innovation, with AIoT serving as the
driving force behind transformative advances in various industries and aspects of human
existence [2]. Together, Al and IoT build a new paradigm in which data play a central role,
intelligence permeates all aspects, and the only thing limiting the possibilities is our ingenu-
ity. In the dynamic environment of technological advancements, the partnership between
human creativity and machine intelligence is limitless, leading us to a future where the inte-
gration of Al and IoT fundamentally transforms our global reality. Every industry and area
of study feels the effects of smarter applications’ improved use of data insights. Technology
and methods for learning from and acting on the massive volumes of data created daily are
the main forces behind this shift. Deep neural networks, conventional ML methods, and
scalable GPU computing have all contributed to the tremendous development and reduced
impediments in adoption [3]. Python is widely regarded as the most prevalent programming
language for scientific computing, data research, and ML due to its extensive collection of
low-level libraries and intuitive high-level application programming interfaces (APIs).

This study thoroughly examines the interconnected domains of Al and IoT. This anal-
ysis will explore the complex dynamics of their interaction, highlighting the significant
influence they have already exerted across multiple industries and providing informa-
tion on future prospects. The exploration will encompass the domains of enhanced data
analytics, energy optimisation, healthcare, smart cities, and manufacturing, allowing
us to observe the integration of intelligence via AIoT into the fundamental structure of
these areas. However, it is essential to acknowledge that along with the potential ben-
efits, significant responsibilities must be addressed. As we embrace this technological
revolution, we will carefully discuss the various problems and factors that come with it.
These include ensuring data interoperability, security, scalability, and energy efficiency.

1.1.2 Artificial Intelligence

The discipline within computer science, commonly referred to as Al, is dedicated to the
development of computer programs and hardware capable of executing activities that
have traditionally been associated with human intelligence and behaviour. In the middle
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of the twentieth century, researchers developed a subfield of AI called ML, which sought
to mimic the brain’s conceptual structure and function in order to create AI [4-6]. The
utilisation of ML continues to be imperative in the advancement of AI. ML is widely
recognised as a scientific discipline that centres on the advancement of computer models
and algorithms capable of executing specific tasks, often including the identification of
patterns, without the requirement of explicitly coding them. Computer programming is
a fascinating and complicated field focusing on automating and improving routine tasks.
For the purpose of automating mail sorting, for instance, a programmer can employ zip
code recognition software. Developing a comprehensive set of rules that can be imple-
mented in a computer program to effectively execute this activity is frequently a laborious
and demanding process. In the present context, the term “ML” pertains to the research
and development of technologies that enable computers to automatically make complex
decisions by recognising patterns in labelled data and drawing inferences about the rel-
evance of those patterns without being explicitly programmed with the rules to follow.
In the previous example of zip code identification, ML was used to develop a model from
labelled cases, resulting in very accurate recognition of both machine-generated and
hand-written zip codes.

The term “artificial intelligence” (AI) refers to a type of technology that aspires to endow
computers with the ability to reason in a manner like that of humans. The process by which
different industries are digitally reforming themselves will be sped up as a result of this
recent revelation. Enabling interconnectedness and augmenting decision-making capa-
bilities across various entities, including individuals, animals, plants, robots, appliances,
natural elements, and infrastructure, have the potential to transform the global landscape
into a more self-sustaining ecosystem [7-9]. This transformation will take place regard-
less of whether it is people, animals, plants, machines, or appliances. Suppose we want to
achieve our goal of providing the environment and the physical things in its full autonomy.
In that case, the system will need to incorporate not only a data analysis (DA) module but
also an ML module that models human learning. ML is credited for developing method-
ologies that facilitate autonomous and self-sustaining learning in different components
and devices within a network. On the contrary, data analytics (DA) focuses on evaluating
and examining the data generated over a period of time to identify historical patterns and
enhance future efficiency and effectiveness. The observed trend has exhibited growth, and
ongoing efforts are being made to integrate ML and DA into the sensors and embedded
systems of intelligent systems. The scientific underpinnings of AI are highly intriguing,
prompting a reevaluation of our understanding of existential concepts, such as the purpose
of human existence and the nature of employment [10]. The lightning-fast speed at which
ML and DA are driving AI makes it necessary for us to have a dialogue about the tenden-
cies, challenges, and dangers that will eventually become more serious.

Despite the efficient elimination of redundant human labour and the ability of Al-based
systems to provide outputs in a shorter timeframe, it can be argued that human inven-
tiveness will always serve a distinct purpose in productive endeavours. The vast bulk of
ongoing research and development in AI fall under the umbrella term of “Narrow AI”
This suggests that the employment of technology is only beneficial to a select few endeav-
ours and not all of them. Despite this, our goal is to achieve something that is orders of
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magnitude more significant than that. Keeping this in view, experts from a wide variety
of fields have worked together to accelerate the development of AI. The multidisciplinary
nature of Al has been reinforced via the collaborative endeavours of numerous academic
fields, such as statistics, philosophy, physics, computer science, sociology, mathematics,
biology, and psychology, among various others. The accumulation of data in each of
these areas is crucial in the growth of intelligence [11,12]. To understand what the under-
lying principles are, some sort of analysis of these facts must be performed. In spite of
the fact that the human brain is fully capable of performing the task, it takes a significant
amount of time to do so.

This phenomenon can be ascribed to the existence of numerous undesirable attributes
in the data acquired from sources in the real world, encompassing but not restricted to the
subsequent:

 Unstructured in its nature

« Huge in its volume

» A wide variety of data sources

+ A requirement for real-time processing

« Ongoing and consistent change

Furthermore, there exist supplementary attributes, such as volatility and virility, among
others. Al is a systematic approach that aims to optimise the utilisation of data in a man-
ner that ensures comprehensibility for data providers, allows for modifications to rectify
errors, has value within the specific application environment, and possesses meaningful-
ness. Hence, Al exhibits a significant reliance on the approaches employed within the field
of data science. In a more expansive context, data science can be delineated as the scientific
discipline concerned with the development of tools and methodologies for the purpose
of scrutinising vast quantities of data with the objective of extracting valuable insights.
Consequently, the discipline represents an amalgamation of various distinct research sub-
disciplines. The primary source of inspiration for the advancement of tools stems from the
domain of computer science, which predominantly focuses on the efficacy of algorithms
and the expandability of storage [13].

1.1.3 Machine Learning

ML is a burgeoning discipline within the realm of computer science that facilitates the capac-
ity of inanimate computer systems to gain the aptitude for learning all without necessitating
the explicit implementation of code. Digital computers have transformed practically all areas
of economic activity during the past few decades [8,14,15]. We are currently on the verge
of a significant and accelerated transformation due to recent advancements in ML, which
have the potential to expedite the process of automation. The absence of consensus regarding
the domains in which ML systems excel has resulted in a corresponding lack of consensus
regarding the specific anticipated impacts on labour and the broader economy. Although
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ML is often categorised as a “general purpose technology” akin to the steam engine and
electricity, facilitating a wide range of innovative developments and prospects, this statement
remains valid. The consequences pertaining to employment exhibit a level of complexity that
surpasses the simplistic focus on replacement and substitution. On the contrary, it is possible
that specific individuals may lack these particular attributes. Although the notion of the “end
of work” is not expected to occur in the near future, it is important to recognise the signifi-
cant long-term implications of ML on the economy and the labour force.

When addressing the potential benefits and drawbacks of ML and its possible effects on
the economy, there are two fundamental considerations to keep in mind. Significant prog-
ress is yet to be made in developing highly intelligent machines [16]. According to scholarly
research, it has been observed that humans possess a more comprehensive array of skills
compared to machines [17]. The impact of technological advancements on wage inequality
is significant despite the positive effects they have had on income and living standards. The
initial wave of pre-ML information technology (IT) systems, mainly, has generated tril-
lions of dollars in economic value. However, there is substantial evidence supporting the
argument that technological progress has played a role in exacerbating wage disparities.
Numerous reasons, including the expanding process of globalisation, contribute to the
presence of inequality. However, it is important to acknowledge that the economic con-
sequences of this phenomenon can be highly disruptive. The rapid and profound changes
that can be brought about by ML are primarily responsible for this upheaval. These changes
can take place in as little as ten years. Policymakers, business executives, engineers, and
academics all have a role to play here.

As robots replace more and more human workers in a process or industry, the value
of non-SML occupations may rise. Technology can help people reach their full potential
and introduce them to new ways of doing things. Therefore, even within highly mecha-
nised professions, the overall effect on the need for labour could be either positive or nega-
tive. Jobs that are close substitutes for the capabilities of ML are more likely to see a drop
in labour demand, whereas jobs that are complements to these systems are more likely
to experience an increase in demand, but the broader economic effects can be complex
[14,18,19]. When an ML system can complete a task as well as a human but for less money,
profit maximisation is the goal. More and more bosses and CEOs are looking for ways to
automate human jobs. Impacts on productivity, prices, labour demand, and the structure
of diverse industries could have far-reaching effects on the economy.

In comparison to traditional computer applications, the IoT introduces a situation where
the speed, diversity, volume, and intricacy of data are so immense that it becomes unfea-
sible for a human programmer to provide specific, detailed, and precise job requirements
that can be utilised to execute the tasks. Consequently, the concept of ML is around the
acquisition of implicit learning abilities, enabling a computer or system to autonomously
educate itself, adapt to its surroundings, and make independent decisions. The smart con-
cept in CPS or IoT can thus be made up for by using ML in this way [13,20].

ML is an approach to attaining AI that revolves around the concept of providing
computers with access to data, enabling them to acquire knowledge autonomously. This
concept is known as the “data-driven learning hypothesis.” Researchers often assume a
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premise that they possess the knowledge necessary to predict the future development of
AT that can rival human capabilities. Undoubtedly, significant advancements are being
made towards the objective at an increasingly rapid pace. A significant proportion of the
advancements achieved in recent years can be ascribed to the fundamental paradigm shifts
that have occurred in our comprehension of the operational mechanisms of AI. ML has
predominantly been the catalyst for these advances. Consequently, the decision to associ-
ate ML with the capacity to bestow intelligence upon computers is a justifiable one.

Even just a few decades ago, the idea of being able to have a video conversation with
family members who lived on another continent was unfathomable to everyone. These
days, it is an everyday occurrence. All of these things are the result of technology becoming
more affordable and new devices appearing on the market with enhanced and augmented
capabilities [21]. Paying bills, sending emails, transferring money, or even scheduling a
taxi are some things that can be accomplished with a button on a smartphone. The term
“Internet of Computers” (IoC) has been in use since 1991, and it steadily expanded in scope
as an ever-increasing number of individuals began to make use of it.

1.1.4 Reinforcement Learning: A Type of ML

Reinforcement learning, a captivating domain within ML, exhibits notable parallels with the
learning processes observed in humans. Several research presented the reinforcement learn-
ing method and effectively implemented it in the context of checkers, wherein a linear value
function was employed to guide decision-making [22,23]. The field of ML includes reinforce-
ment learning. Reinforcement learning differs from other learning approaches because it
evaluates new actions based on previous ones. Taking action is required because it is the
correct choice. Since the agent is clueless, they should not try anything. Instead, it investi-
gates how to maximise positive outcomes through specific forms of action. Therefore, RL is
a system of trial-and-error learning where experimentation and response are the way to go.

1.2 INTERNET OF THINGS

The IoT is a transformative revolution in which interconnected physical gadgets, build-
ings, vehicles, and diverse objects form a networked system. These entities are outfitted
with software, sensors, and networking capabilities, facilitating their ability to com-
municate and share data. These technologically advanced devices are specifically engi-
neered to gather and share data through internet connectivity, facilitating their ability
to communicate with one another and central systems [24-26]. The establishment of
connectivity enables the ability to monitor, control, and automate many operations in
real time, resulting in enhanced efficiency, convenience, and insights across multiple
domains. The IoT has become pervasive in both our personal lives and various indus-

tries. It encompasses a range of applications, such as smart home devices that adapt
lighting and temperature settings according to user preferences, as well as industrial
sensors that enhance manufacturing processes. This technology holds the potential to
create a future where the boundaries between the physical and digital realms seamlessly
merge, resulting in advancements that enhance our overall well-being and revolutionise
business operations.
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Data science and Al studies have been concentrating on this problem as their primary
focus. Therefore, IoT and Al together may represent a significant step forward. It’s not
just about cutting costs, being resourceful, reducing manual labour, or following the lat-
est fashion. More than just making people’s lives simpler is at stake here. Many serious
issues, such as ethical and security problems, beset the IoT and are not going away anytime
soon. What counts is not how fascinating the IoT plus Al appears to be but rather how
the ordinary person perceives it [27]. As time goes on, the internet’s capabilities will shift
from those associated with the “Internet of Computers (IoC)” to those associated with the
“IoT.” Furthermore, integrating many elements, such as infrastructure, embedded devices,
human agents, intelligent objects, and physical surroundings, leads to the emergence of
highly interconnected systems commonly referred to as Cyber-Physical Systems (CPS). In
the future, we will live in a world where the “Internet of Everything” is seamlessly con-
nected to the “Smart Cyber-Physical Earth.” There is hope that “data science,” in concert
with IoT and Cyber-Physical Systems, will spark the next “smart revolution.” The primary
concern arises in determining the most effective approach to manage the vast quantities of
data given the limited processing capabilities presently accessible.

Being “smart” as a notion fascinates us much. However, the current state of our
resources is still quite a way off from matching human intelligence. Let’s use a smartphone
as an example, which, despite its “smart” label, can’t handle anything independently. For
instance, the gadget cannot put itself into “silent mode” for notifications and message
alerts when the owner is behind the wheel of a car. It would be a more useful piece of
technology if it could reduce the number of disruptions caused by notifications while the
owner is behind the wheel. For this system to operate, it is necessary to establish a wireless
connection between the individual, their smartphone, and the vehicle. If the smartphone’s
owner suddenly gets ill, a distress call should be placed to a member of the owner’s family
or a nearby medical facility.

To actualise this vision, it will once again be imperative to establish specific connections
and acquire comprehensive data pertaining to the individuals comprising the family unit
and the healthcare facilities involved. By consistently presenting such instances, it becomes
evident that in order to satisfy various sets of criteria, practically all entities in the physical
realm must establish connections with one another. If we want these things to have intel-
ligence, we are going to have to resort to some form of AL

1.2.1 Architecture of loT

For the IoT, there is no generally accepted blueprint for the network’s infrastructure.
Researchers have come up with a wide variety of innovative architectural concepts.

1.2.2 Three- and Five-Layer Architectures

As illustrated in Figure 1.1, the fundamental arrangement consists of three distinct layers
[3-6]. The origins of this subject can be traced back to the initial phases of scientific inquiry.
The system is structured into three distinct layers, namely, the “perception” layer, the
“network” layer, and the “application” layer. The physical layer, also known as the percep-
tion layer, encompasses a set of sensors responsible for detecting and gathering data about
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FIGURE 1.1 Different IoT architectures.

the immediate environment. The device has the capability to see and analyse environmental
factors, as well as identify and interact with other entities possessing intelligence [28,29].
The network layer is responsible for managing connectivity to various intelligent creatures,
network nodes, and servers. The utilisation of its capabilities extends to the transmission
and analysis of sensor data as well. The application layer (Layer III) offers program-specific
functions to the user. The IoT comprises a diverse array of applications, such as the imple-
mentation of intelligent agricultural practices, the development of technologically advanced
urban environments, the integration of technology in educational environments, the cre-
ation of intelligent residential spaces, and the establishment of advanced healthcare sys-
tems. Figure 1.1 represents the three- and five-level IoT architectures.

1.2.3 How Does loT Work?

Each IoT echo system has a slightly distinct method of operation. However, their funda-
mental principles of operation are the same. Devices, such as smartphones, digital watches,
and electronic appliances, begin the IoT’s workflow by securely exchanging data with the
IoT platform. To ensure the provision of highly pertinent information to devices, the plat-
forms employ data aggregation techniques that encompass a diverse array of sources [30].
Figure 1.2 illustrates the working environment of IoT.

The inception of the IoT can be traced back to the development of portable telecommu-
nication devices and other interconnected devices. Throughout its development, the reach
of this phenomenon has broadened due to the increased affordability and accessibility of



Artificial Intelligence in the Internet of Things = 11

Cloud
infrastructure

FIGURE 1.2 IoT working environment.

personal computers, mobile phones, laptops, and tablet computers to the general popula-
tion. Based on the forecasts provided by Gartner Inc., the global use of connected devices
is expected to reach 6.4 billion in 2016, reflecting a growth rate of 30% compared to the
previous year. According to the cited source [31], the figure is projected to increase to 20.8
billion by 2020. In 2016, it was observed that daily, an average of more than 5.5 million new
devices were being connected to the internet. These data highlight the significant capac-
ity and possibilities presented by the IoT. The IoT encompasses diverse sectors due to its
fundamental characteristic of facilitating continuous connectivity among various things.
Consequently, the IoT might be construed as a means of amalgamating several disciplines.
Figure 1.1 provides a list of domains that are illustrative of those that are included in the
IoT [32]. These domains make up the IoT. Most of these fields have similar conceptual
underpinnings and methodological techniques. The IoT is basically a network that con-
nects humans and a variety of inanimate and live creatures, such as appliances, crop fields,
plants, and animals. It is also known as the Internet of Everything (IoE). Using intelligent
devices hooked to both technologies and able to transmit, receive, and process data is the
means by which humans are connected to them. These intelligent things can send, receive,
and process data. These intelligent objects represent the entity (either a living being or an
inanimate object) to which they are connected in the network. This entity may be a living
being or an inanimate object [33,34].

Over the past decade, there has been a notable surge in the quantity of internet-connected
gadgets, coinciding with the proliferation of concerns pertaining to cybersecurity. AI plays
a pivotal role in the vanguard of cybersecurity endeavours due to its capability to facilitate
the creation of intricate algorithms aimed at safeguarding critical infrastructure, including
the IoT. Nevertheless, hackers have successfully harnessed the potential of AI and have been
employing adversarial Al in their illicit activities. The utilisation of AI by cyber criminals
has been observed. This review study integrates information from many prior surveys and
research articles about IoT, Al, and attacks involving Al, as referenced by source [35-37].
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This was done with the intention of providing a comprehensive presentation and synthesis
of relevant work on these topics. Figure 1.3 illustrates the IoT’s basic architecture.

Since its inception in the early 2010s, the IoT has been rapidly spreading and is already
widespread in many residences and places of business. The IoT can be defined as “a system
in which objects embedded with network connectivity and individually generated iden-
tification numbers (UIDs) exchange data with one another without the need for human
intervention” [38,30]. This definition takes into consideration the dynamic nature of the
IoT, acknowledging its transformation and development since its first conceptualisation.
Frequently, this phenomenon manifests as an interaction between a human entity and a
central device or software application, commonly found in the form of a smartphone appli-
cation. Subsequently, this connection facilitates the transmission of data and commands
to one or several edge IoT devices [39]. Peripheral devices possess the capability to execute
essential functions and transfer data to the central device or application, enabling the user
to assess afterwards and analyse the information.

The idea of the IoT makes it possible to improve accessibility, integrity, availability, scal-
ability, confidentiality, and interoperability among linked devices. However, since they are
still relatively new and not enough time has been spent defining security standards and
processes, IoT is vulnerable to being attacked. Cybercriminals have the potential to employ
a diverse range of cyberattacks against IoT devices, contingent upon the specific compo-
nent of the system they aim to exploit and the objectives they seek to accomplish [40-43].
As a result, a significant amount of research has been conducted to tackle the matter of
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augmenting the security of the IoT. This section encompasses a range of methodologies
that employ Al for the purpose of safeguarding the IoT infrastructure against malevo-
lent hackers. In contrast, the IoT provides hackers with a significant advantage as they
only need to identify a single vulnerability to target an entire network, while cybersecurity
experts are tasked with safeguarding several entities. Consequently, there has been a rise in
the utilisation of AI by malevolent actors in the realm of cybersecurity as they endeavour
to evade detection by intricate algorithms designed to identify abnormal activities [38].
They do this to circumvent the algorithms.

1.3 AloT IN DIFFERENT SECTORS

AloT, the combination of AT and IoT, is a revolutionary trend that is changing many differ-
ent sectors and aspects of people’s daily lives.

« The Utilisation of Advanced Data Analytics to Gain Deeper and More
Comprehensive Insights: One of the most notable features of Al in the IoT is its
ability to derive essential insights from the vast quantities of data produced by IoT
devices [44,45]. Al algorithms possess the capability to evaluate the aforementioned
data in order to discern patterns, irregularities, and connections. This ability facili-
tates the implementation of predictive maintenance, resource optimisation, and
instantaneous decision-making.

 Energy Efficiency and Optimisation: The integration of Al and IoT has brought
about a significant transformation in the field of energy management systems. The
utilisation of Al-driven analysis in examining energy consumption patterns enables
the implementation of immediate adjustments, hence mitigating inefficiencies and
decreasing expenses in smart grids and buildings.

« Transforming Medical Practices: The utilisation of IoT devices, such as wearable
technology and remote monitoring systems, is significantly transforming the land-
scape of healthcare delivery [46,47]. The utilisation of AI in the analysis of patient
data has facilitated the timely identification of diseases, the development of tailored
treatment strategies, and the enhancement of patient outcomes.

« Intelligent Communities Progress: The advancement of smart cities is significantly
influenced by the integration of AIoT. IoT sensors are utilised to gather data pertain-
ing to traffic patterns, pollution levels, and energy usage. Simultaneously, Al algo-
rithms are employed to optimise traffic flow, mitigate emissions, and improve urban
planning [48-50].

o Industry 4.0: The integration of AIoT is driving the transformation of the manufactur-
ing sector, marking the advent of the fourth industrial revolution, which is also known
as Industry 4.0. The implementation of this technology enables the optimisation of pre-
dictive maintenance, quality control, and autonomous manufacturing processes, result-
ing in enhanced productivity and minimised periods of operational inactivity [51-54].
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1.4 CHALLENGES AND CONSIDERATIONS

The potential of Al in the IoT is vast, yet various problems and considerations accompany
its implementation.

« Data Protection and Privacy: The proliferation of data created by IoT devices gives
rise to substantial apprehensions over preserving data security and privacy. The
implementation of robust procedures is crucial in securing sensitive information.

« Scalability: The problem of controlling the growing number of networked devices
and guaranteeing smooth integration with AI systems becomes significant as IoT
networks expand in size and complexity.

« Interoperability: Interoperability is a critical factor in maximising the capabilities of
varied IoT devices and Al platforms. The process entails creating effective communi-
cation and collaboration among various technologies.

« Energy Efficiency: The consideration of energy efficiency is of utmost importance for
IoT devices that are dependent on battery power. In order to optimise longevity and
reduce the need for maintenance, it is crucial to utilise energy-efficient Al algorithms.

1.5 FUTURE PROSPECTS

The symbiotic relationship between Al and IoT is developing rapidly. The possibilities of
AloT will be further enhanced by emerging technologies such as 5G, 6G connectivity, and
edge computing. With the increasing sophistication of Al algorithms, there is a poten-
tial for unlocking profound insights from IoT data. This has the potential to enhance the
accuracy of forecasts and improve automated processes, hence fostering innovation across
diverse industries.

1.6 SUMMARY

The integration of AI with the IoT, known as AloT, is a transformative occurrence that
is bringing about significant changes in several industries and impacting our daily lives.
The integration of Al with the IoT (AIoT) holds the potential to bring about significant
transformations in multiple sectors, including data analytics, energy efficiency, healthcare,
and urban development. Nonetheless, it also poses certain difficulties pertaining to the
protection of data privacy, the ability to handle larger volumes of data, the compatibility
between different systems, and the energy efliciency of the technology. The ongoing devel-
opment of Al and IoT technologies holds significant promise for innovation and benefi-
cial societal outcomes, therefore establishing AloT as a crucial area of academic inquiry
and practical implementation. This article comprehensively analyses the intricate inter-
play between AI and IoT, delving into their collective potential, existing implementations,
accompanying obstacles, and prospective developments. This article seeks to pro-
vide insights into AI's dynamic evolution and crucial function within the IoT domain.
By comprehensively evaluating relevant literature, this chapter attempts to highlight the
significance of Al in the context of linked smart systems.
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2.1 INTRODUCTION

Artificial Intelligence (AI) and the Internet of Things (IoT) are concepts associated in many
studies, although each constitutes a pure science. IoT has become widely available, as many
of the devices present in our daily lives produce vast amounts of data that are transmitted,
analyzed, stored necessary, and made decisions based on these data. These devices include
computers, smartphones, wearable devices, and sensors that collect environmental infor-
mation, medical instruments, etc.

By 2025, the number of IoT devices will reach more than 30 billion, predicts Gartner [1].
Also, according to a McKinsey estimate, the IoT sector will make between $2.7 and $6.2
trillion in economic contributions to the world economy by 2025 [2].

As PWC mentioned, Al and IoT are the main pillars of the Fourth Industrial Revolution,
improving the capability of different industry fields, increasing productivity, and decreas-
ing costs [3]. AI with IoT is called a digital twin [4]. This twin creates smart cities with
intelligent lighting and safety control systems. This twin also shows in monitoring and
controlling water quality and management systems. It also exists in the healthcare sector.
There are light and dark sides in the realm where AI meets IoT. This cooperation benefits

18 DOI: 10.1201/9781032648309-3


https://doi.org/10.1201/9781032648309-3

Artificial Intelligence (Al)-Powered Internet of Things = 19

the economics, livelihood, production, and sustainability levels. But it also has severe secu-
rity, privacy, and complexity severe issues.

This merger has increased the presence of IoT devices, as applying it to various sectors
has become possible, leading to an energy drain. And for this reason, a new concept also
appeared, which is known as green IoT. Green IoT aims to have an energy-efficient con-
cern in the IoT design and to consider environmental sustainability. Many methods exist
to achieve these goals, such as making the devices work with minimal energy consump-
tion, paying attention to recycling, and depending on renewable energy [5]. This chapter
provides different applications that merge these two concepts where the Internet of Things
devices provide massive data being analyzed through A, lists some challenges, and pro-
vides a brief background about these two technologies.

2.2 BACKGROUND OF Al AND loT

IoT is the term that describes connected devices/sensors within local or world networks.
It is the definition of device-device and device-human communications. The Al is the term
that describes analytical methods and algorithms that can make decisions based on the
trained data. There is a need for a unified definition of IoT to define the essential ideas and
technologies crucial to the IoT [6]. Figure 2.1 shows the related entities and connections
of the IoT, which defines IoT as connecting any devices and anyone through any network
accessed at any time and place [7].

AT mimics human intelligence and behavior [8]; it consists of a subset called Machine
Learning (ML). ML models need handcrafted features where human intervention is
required. ML includes another subset called Deep Learning (DL) that eliminates the
human intervention to extract the features; it can learn from the most important features.

Al including ML and DL models, has produced many taxonomies. One of these taxon-

omies divides the AI into supervised, unsupervised, semi-supervised, and reinforcement
learning. Supervised learning depends on labeled data, while unsupervised learning is the

FIGURE 2.1 IoT connections and related entities. See [7].
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FIGURE 2.2 ML methods. See [10].

way of extracting the patterns of the data to generate clusters that include data with similar
patterns. Semi-supervised learning combines the previous two methods, where partially
labeled data are provided. Reinforcement learning differs from what was mentioned; this
type of learning learns from trial and error [9]. Figure 2.2 shows the main categories of ML
methods and their sub-methods as classified in Ref. [10].

Adaptive Convolutional Networks (ACNs), Autoencoders (AE), Generative Adversarial
Networks (GANs), Convolutional Neural Networks (CNNs), Graph Neural Networks
(GNNs), Recurrent Neural Networks (RNNs), and Fully connected Neural Networks
(FNNs) are examples of some DL algorithms that used in IoT environments alongside other
traditional ML models such as Decision Tree (DT) and Support Vector Machine (SVM) [11].

The selection of an Al model depends on the application; CNN models are used for
image recognition and detection, and RNNs are used for text analysis.

This digital twin consists of two sides: the data collection from the IoT sensors and the
transmission of the data from one side, and the analysis with preprocessing, integration, and
making decisions from the Al side. IoT' may include vision sensors; the output of these sensors
is compatible with DL models that deal with object detection and image processing. One of
the interesting applications is using GANSs to generate new data and share the same statistics
as the original data. Another type of sensor is the voice sensor, where AI models concerned
with voice and text data play a core role in extracting important features and providing ser-
vices based on analyzing the voice, such as Siri [12]. It is hard to mention all types of sensors
that contribute to [oT; many sensors construct smart cities, smart systems, smart homes, and
endless applications that turn every simple thing into smart. In general, the IoT architecture
consists of three layers: the perception layer, where the sensors and actuators collect the data;
the network layer, which is the layer that allows communication and transmission of the data;
and the application layer, which represents where the data are being stored and analyzed [2].

2.3 APPLICATIONS OF Al IN THE loT

2.3.1 Smart Cities

According to forecasts, 60% of the world’s population will reside in metropolitan regions
by 2030 due to recent migrations into these locations. As the population grows, various
smart applications are released to simplify life and support smart city development [13].
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FIGURE 2.3 Smart cities. See [15].

There are many definitions of smart cities, but they all agree that smart cities raise liv-
ing standards through the use of innovative technologies and provide the citizens with
knowledge about what is happening around them through the communications that occur
between systems to achieve high standards of economics, education, health, safety, and
education. It is achieving sustainability in all areas of life, as shown in Figure 2.3. There is
real competition between countries to reach the best model of smart cities [14].

2.3.1.1 Smart Libraries

Al is extensively used for prediction tasks [16]; it can preserve the borrowing time for the
readers, predict the next books to reserve based on the reader’s history, suggest books
for readers, authorize the readers, and predict the number of copies needed to deliver to
each library’s branches. The IoT sensors control the borrowing-returning process without
human intervention, saving time and effort compared to traditional libraries. This sys-
tem helps in different cases like the pandemic of COVID-19. The IoT consists mainly of
Radio Frequency Identification (RFID) technology readers and tags, WIFI access points,
and BLE. At the same time, the AI fundamental keys are Natural Language Process (NLP)
and other Deep Learning (DL) models [17]. Three main concepts in the smart libraries are
shown in Figure 2.4.

2.3.1.2 Smart Home

AT and IoT in smart homes (AISH) exist in controlling the air-conditioning; reducing
energy consumption; enhancing the home environment to make people more comfort-
able; and providing a caring system for older people, children, and patients at home [18].
Figure 2.5 shows a smart home model; AI can automate the device control by analyzing
the collected data.
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FIGURE 2.4 Smart libraries. See [17].
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FIGURE 2.5 Smart home. See [19].

2.3.1.3 Smart Agriculture

Sensors in agricultural IoT monitor and collect plant factors, save this environment from
excessive pesticide and fertilizer use that pollutes the environment, and improve produc-
tion quality [20]. Frost intelligent control is done by getting data about the soil, weather,
and water in the greenhouse, and frost impacts could be avoided. Climate change has
demonstrated the importance of these applications and AI-IoT models and introduced
fundamental changes to the greenhouse environments. Also, the frost forecast helps the
greenhouse systems to provide a suitable environment for the plants [21].
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The smart greenhouse does not mean that the environment is just being monitored;
according to the sensors’ outputs, the AI makes decisions for the machines to control
what to do to have ideal parameters of humidity, temperature, water level, and CO, [22], as
shown in Figure 2.6.

2.3.1.4 Autonomous Vehicles

Many benefits are provided by autonomous vehicles (AVs), such as reducing accidents
as humans are responsible for about 90% of crashes and reducing fuel consumption.
The main challenge of this application is the data size, where sensors provide information about
time, motion, other vehicles, speed, image recognition, and a long list of further details. It is a
complex application that needs a high level of security. Al models handle these sensors’ outputs
and make decisions to control the vehicles. IoT devices are cameras, ultrasonics, radar, and sen-
sors for long and short distances. This application faces many challenges other than complexity,
such as the road and weather conditions and the liability, which make the actions harder [23].

2.3.1.5 Enterprises and Manufacturing

The small- and medium-sized enterprises (SMEs), the economic backbone, have adopted
AT with IoT in their environments. For example, sensors with AT models can predict the
maintenance need for machines [4]. Manufacturing intelligence is device connections to
automate services to enhance productivity and reduce costs. In addition, it can provide
adaptive smart decisions. Reinforcement learning is suitable for these environments where
it provides dynamic plans; then the rewards are the cost, time, and equipment utilization
to let the model learn the best plan [24].

2.3.1.6 Generating a Renewable Resource of Energy

IoT sensors generate energy from renewable resources. The importance of this application
is reducing the demand for electricity energy, which is mainly generated from petroleum
resources, and going toward clean energy resources. Using multiple sensors is more effec-
tive than a single sensor; however, to control the total generated power based on many fac-
tors like the number of sensors and the weather, there is a need for Al predictive models.
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This methodology of combining these two terms in the energy generation field was pro-
posed in Refs. [25,26]. They employed the ANN model to predict the total generated
power, providing good results among root mean square error (RMSE) and R2 metrics.

2.3.1.7 Healthcare and Wearable Devices

One of the trendiest topics that merge AI with IoT is the healthcare sector. AI-IoT model is
used to diagnose different diseases, where this cooperation creates the Internet of Medical
Things (IoMT) concept [27]. Heart disease, diabetes, cancer, liver disorder, and many other
diseases can be diagnosed accurately using AI-IoT models [28].

The data have been collected from wearable devices or instruments in the patients’ rooms;
the early diagnosis helps in saving human lives and giving an appropriate treatment. These
devices help not only with the medical sector but also with sports. They required lightweight
authentication and security algorithms [29]. Wearable devices with 5G introduce the bodyNET
term [30], and the Al integration with bodyNET takes the data value to another level.

2.3.2 Security of loT Using Al Models

As aresult of valuable information provided by IoT devices, it makes them vulnerable to differ-
ent attacks. Al plays an essential role in protecting and enhancing the security of the IoT. Denial
of service, man in the middle, and false data injection are attacks that could occur in IoT envi-
ronments. Al can be used to attack IoT devices or to enhance the security of these devices [31].

Poisoning attacks and changing the labels of the generated data targeting the AI models
cause severe risks to IoT devices. CNN, ensemble learning, and graph neural networks
detect suspicious behavior like malware [32]. Other approaches go beyond implementing
a particular AI model for intrusion detection in IoT; they combine clustering and classifi-
cation methods and conduct hundreds of experiments to enhance the performance of Al
algorithms in the Intrusion Detection System (IDS) [33].

One of the interesting classifications of the Al role in IoT regarding security is what was
discussed in Ref. [10]; the AT security impacts on IoT were classified as good, bad, and ugly.
The good thing is using Al in combating attacks such as anomaly, misuse, and malware
detection. The bad thing is exploiting the adversarial weakness in Al to attack the data, the
training and testing phases, and launching white-box and black-box attacks. The ugly use
is to use the AI to attack the IoT, such as evasive attacks, obtaining unauthorized access,
and phishing attacks [34].

2.4 CHALLENGES AND THE FUTURE OF Al IN loT

2.4.1 Al-loT Challenges

Many challenges are the focus of researchers’ attention. These challenges resulted from the
IoT and Al separately, and new challenges resulted from the IoT-AI combination; some of
them are given as follows:

1. Computation complexity is a primary challenge in developing AI models for IoT [33].
This is because of the AI models’ parameters; lightweight models affect the model’s
accuracy. Therefore, developing a lightweight model with high accuracy is a target for
many researchers [35].
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2. Al should develop adaptive security models for different application scenarios.

3. Embedding AI with IoT devices to make local decisions instead of being remote. For
example, some cameras have GPU cards to process the videos and images without
sending them to an analytical system; this reduces the required response time and
supports real-time response [36].

4. The complexity of interpreting the AI models. This is considered a big challenge for
DL models; it is vital to justify the AI predictions and outputs in IoT, but things
become more complex; a proposed model that embeds an explainable layer to one of
the IoT datasets concluded that SHapley Additive exPlanations (SHAP) with density
function analysis could enhance the AI performance by selecting the appropriate
model and the important features [37].

5. Preprocessing the data collected from different resources and the common big data
challenges like velocity, volume, heterogeneity, etc. [38].

6. Preserve an acceptable level of Quality of Service (QoS). Harvesting power enhances
the security level; in contrast, it causes a loss in the QoS. Therefore, it is essential to
have a balanced solution based on the application [39].

7. Collisions may happen due to the number of users and the lack of resources that
could serve all these users.

8. Data privacy is a concern in AI-IoT models; the sensitivity of the data is different, and the
diversity of the ways of dealing with the provided data by the models is also different.

9. Data liability is a complex topic, as the laws’ levels and restrictions should be varied
according to the application. It is only possible to list some applications, stakeholders,
environments, etc., and determine who will take responsibility.

10. Provide real-time functioning; some GPUs, TPUs, and edge computing try to mini-
mize the response time by allowing local processing and storing of the collected data.

11. Adopting AI-IoT approaches increases the need to develop proactive regulations as
the pace of these technologies increases. However, the multi-stakeholders, dynamic
roles, complexity of the model, diversity of the environments, many interacting fac-
tors, and the difficulties of applying similar regulations in all countries make con-
taining all the issues more complicated [40].

As this digital twin is a promising technology for raising living standards in all fields, and
many publications and articles have been discussed in detail and proposed unlimited con-
tributions, it still has many challenges and gaps that innovative ideas can improve.

2.4.2 Future of Al-loT

There will be a revolution in technologies in various fields, and it will directly affect people
and businesses to reach a complete world of automation of things. This is clear from the
rapid development of this field, as shown in Figure 2.7.
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2.5 CASE STUDY

To conclude this chapter, imagine this case as an example of the use of Al and IoT, and
then you will be left with open questions to think about. In a city known for a traffic jam,
the government decided to take the benefits of using new technologies; they proposed an
AI-IoT model to manage traffic. The system has all the required hardware and software
(sensors, cameras, real-time analytical systems, traffic light control systems, etc.). Their
target was to enhance the traffic flow to get a near-optimized solution.

Everything was as planned in trial, testing, and production, and they started thinking

about generalizing this solution to other cities and sharing their experience. However, an
unexpected event significantly disrupted the traffic flow [42].

Initial quick investigations showed that a software bug generated random decisions, the
intersections suffered from chaos, and the drivers were stuck in congestion for hours. It took
work to solve the problem, which needed to be clarified. This makes people lose trust in this
solution, especially since their work has been delayed. After several hours, the bug was solved.

This is a simple case about the effect of mistakes in the AI-IoT model. For instance, you
can project this incident onto more significant examples such as healthcare. Now think
about the following questions:

1. What to do if a cyber-attack caused this disruption?

2. Who will be liable, especially since we know that negative predictions exist in any Al
model?

3. How can we increase the trust in the AI-IoT models?
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4. Is the human oversight of these models enough to avoid a similar situation?

5. Suggest an alternative solution if the AI model malfunctions in general.

6. Are there some sectors in which we cannot deploy AI-IoT models?

There are many aspects to consider in this era’s challenges.
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3.1 INTRODUCTION

In the ever-evolving landscape of technology, two groundbreaking innovations have
emerged as catalysts for transformative change: Al and IoT [1]. These two technological
giants have not only redefined the way we connect and communicate but also paved the

way for a future where our devices, systems, and environments become more intelligent
and interconnected than ever.

In this chapter, we embark on a journey into the fascinating world of IoT and AI, explor-
ing their individual realms and uncovering the profound impact they have on communica-
tion systems. We will delve into the fundamental concepts, mechanics, and applications of
both IoT and Al shedding light on how they work in tandem to revolutionize the way we
monitor, control, and interact with the world around us.

From the foundational principles of IoT and its ecosystem components to the intricate
workings of Al, we will unravel the complexities of these technologies. We will discuss the
myriad benefits and challenges that arise from their convergence, as well as the boundless
possibilities they offer for shaping our future. As we navigate through this chapter, you will
gain a comprehensive understanding of not only what IoT and AI are but also how they
synergize to create Al-aided IoT technologies.

3.2 THE EVOLUTION OF INTERNET OF THINGS

The Internet has profoundly influenced how we live, communicate, connect, travel, and look
after ourselves. Many modern household devices and gadgets, capable of online communica-
tion and interaction, include vacuum cleaners, washing machines, and more. These devices

can be monitored and managed remotely using smartphone apps. This burgeoning field is
termed the IoT. IoT settings, as mentioned in Ref. [1], comprise smart home products and
services that communicate with one another in real time. Governments worldwide, includ-
ing those of Japan, the UK, and the USA, have poured substantial funds into IoT research and
development, underscoring their commitment to this transformative technology [2]. IoT has
the potential not only to transform the lives of everyday people but also to redefine the global
economic landscape, affecting governments, industries, and service sectors.

A primary aspiration of consumer IoT is enhancing daily convenience. For instance, nobody
likes having to leave their comfort zone to turn off the TV or a lamp. Smart home solutions that
are IoI-powered automate these processes. These intelligent homes can adapt to user prefer-
ences, whether it’s adjusting lights, regulating room temperature, or playing music, through
sensor-based technology. As devices evolve, the smart home can integrate these advanced fea-
tures, like setting laundry times in intelligent washing machines. When individuals are away,
soil humidity and ambient temperature sensors can ensure plants are watered adequately. If
someone is about to leave home, smart cars can sense this and adjust their settings accordingly.

However, IoT’s potential stretches beyond individual convenience. The next [oT devel-
opment is anticipated to give rise to smart cities and countries. To improve energy con-
servation, traffic control, and planning for cities, data from homes, communities, and
institutions may be combined at the city level. This approach will assist the general pub-
lic and offer additional advantages. In the corporate realm, this translates to streamlined
operations, automation, efficient resource utilization, and enhanced customer experiences.



32 = Future Communication Systems Using Al, loT and Data Science

Yet, with these advancements come significant concerns, primarily about security and
privacy. Our devices often transmit information to external entities, including home secu-
rity providers, energy suppliers, and vehicle makers. Online, smart assistants analyze our
spoken instructions, which could potentially lead to data being compromised. Such data,
if misappropriated, could compromise our security and privacy. Questions about the data
type and volume collected, and who has access to it, remain pertinent. Each improperly
managed device can become a security vulnerability, regardless of its user—be it an indi-
vidual, a business, or a government entity. All stakeholders need to proactively address
these security concerns.

Many are unaware of the depth and breadth of data collection by their smart devices.
This finding serves as the main argument of my thesis, which seeks to answer questions
such as: How does your smart TV observe your activities? How might hackers exploit
security weaknesses in everyday items like light bulbs? Or why might your heating
system request your phone number, potentially relaying it to marketers? It’s high time
we prioritize security, privacy, and safety. Consumers should be discerning about the
smart devices they purchase and the paramount considerations when using them.

In conclusion, manufacturers bear a significant responsibility. As connected devices
become prime targets for hackers and cybercriminals, manufacturers must ensure the
security of their products, routinely update them, and empower consumers to counteract
the ongoing threats posed by malicious cyber activities.

3.3 WHAT IS THE loT?

It is important to first define the IoT before delving into its core elements. Broadly stated,
the IoT can be defined as an intricate web of physical entities empowered with the following:

« Sensors: These gather data.
« Identifiers: They pinpoint the data’s origin, such as specific sensors or devices.

« Software: This is used for data analysis.

Internet Connectivity: This ensures communication and alerts.

IoT is essentially a network of uniquely identifiable devices that are connected to the inter-
net everywhere. This network allows these objects to relay information to manufactur-
ers, operators, and other interconnected devices using the Internet’s telecommunications
infrastructure. It enables tangible objects to relay specific data and to be remotely managed
over the Internet. This facilitates a more seamless merger between our physical environ-
ment and digital systems, enhancing efficiency, precision, and economic advantage. Every
object is distinctively identified through its in-built computing mechanism, enabling it to
function within the broader Internet framework.

There is a consensus among businesses and tech experts about the exponential growth
in the number of IoT-connected items. Gartner envisaged a future where the operational
count of devices would reach a staggering 20 billion by 2020. On the other hand, Cisco’s
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FIGURE 3.1 Basic definition of IoT.

estimation was even more ambitious, predicting a whopping 26.3 billion devices to be in
existence within the same time frame. These projections encompassed a wide range of
gadgets, including tablets, televisions, smartphones, computers, and various other items
that are connected to the online realm. Some argue these numbers are understated, specu-
lating that soon, any object equipped with a basic microcontroller, rudimentary switch,
or even a QR code could be Internet-connected. Such a perspective is further supported
by the renowned Moore’s Law, which astutely observes that the number of transistors on
an intricate integrated circuit tends to double approximately every 18 months. Figure 3.1
shows the basic definition of IoT.

At its essence, the IoT strives to interconnect nearly all entities—encompassing sen-
sors, gadgets, contraptions, individuals, creatures, and even foliage—via the World Wide
Web, with the primary intent of monitoring and/or overseeing. These connections are
not just informational; they are tangible, allowing users to access and control these
“things” as needed. Therefore, the mere act of connecting objects is not the end goal. The
true objective is extracting insights from these connected entities to enhance products
and services.

3.4 HOW TO REMOTELY MONITOR AND CONTROL
ITEMS WORLDWIDE?

Let us embark on this journey by delving into the primary inquiry. The essential pre-
requisites for the IoT encompass an individualized identifier for every entity in question
(such as an IP address), the capability for these entities to engage in discourse with one
another (as exemplified by wireless communications), and the aptitude to ascertain spe-
cific particulars about said entities by means of sensors. With these three constituents
firmly established, one can scrutinize these “entities” from any corner of the world.
Additionally, a vital foundational need is a means of communication, typically man-
aged by a telecommunications network. Figure 3.2 illustrates the essential components
of an IoT solution.
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FIGURE 3.2 Fundamental prerequisites of an IoT resolution.

3.5 WHY DO WE SEEK TO OVERSEE AND REGULATE THINGS?

There exist diverse incentives for remotely supervising and regulating objects through the
Internet. Some justifications encompass granting specialists the ability to oversee factors
like an individual’s body temperature or blood pressure from the comfort of their own
homes; attaining wisdom by directing a smartphone towards a fascinating object; request-
ing information that current search engines, such as Google, do not provide (for instance,
the whereabouts of one’s vehicle keys); empowering authorities to efficiently manage
resources in intelligent cities, such as energy or the granting of driver’s licenses and other
Department of Motor Vehicles documents for senior citizens; and presenting cost-efficient
entertainment and games for both juveniles and elders. These circumstances epitomize
substantial commercial and service prospects that can amplify the economic influence for
consumers, enterprises, governments, medical facilities, and various other establishments.

3.6 WHO WILL BE IN CHARGE OF MONITORING AND MANAGEMENT?

Usually, both individuals and machines can monitor and control IoT services. For instance,
a homeowner might use a mobile device to monitor their house via a security system they
have installed and set up. In the realm of possibilities, individuals possess the capability
of exerting their influence over various aspects, such as illuminating radiance, initiating
the atmospheric cooling process, or ceasing the operation of the warmth-inducing mecha-
nism. Conversely, in a different scenario, a designated entity could be entrusted with the
supervision and administration of essential amenities for patrons from a central hub of
network operations, as visually depicted in the embodiment showcased in Figure 3.3.

It is crucial to emphasize the importance of security in this context. Unauthorized
access must be prevented, especially from malicious hackers who could potentially deceive
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FIGURE 3.3 Representation of network operations center monitoring systems.

homeowners by showing them outdated footage while a burglary is underway. For sectors
with high stakes, such as patient health monitoring or banking, the need for tight control
is even more pronounced.

3.7 UNDERSTANDING THE FUNCTIONALITY OF THE loT

The digital realm has revolutionized the worldwide scenery and the manner in which

communication and labor are carried out. This progression is destined to persist with
the advent of cutting-edge technologies such as 5G and groundbreaking digital protocols
like Li-Fi. The IoT enhances this interconnectedness by facilitating numerous devices to
synchronize concurrently via the internet, fostering not only human-to-machine but also
M2M communications [3-5]. Such capabilities have unlocked a myriad of opportunities at
both personal and professional levels.

Understanding and leveraging the IoT might seem daunting, but its complexity largely
depends on the technological prowess of the intended audience. It is anticipated that
younger individuals and families will be more inclined to harness its benefits compared to
the elderly [6-8].

In a basic IoT setup, devices equipped with sensors connect to IoT platforms. These
platforms gather, share, and assimilate data from various devices, subsequently employ-
ing intelligent analytics to convey crucial details to specific applications designed to meet
particular requirements [9,10]. These advanced IoT platforms discern the essential data
from the irrelevant. The acquired data serve myriad functions, such as pattern recognition,
offering suggestions, pinpointing potential issues, and facilitating informed decision-mak-
ing [11,12]. Figure 3.4 displays the functionality of IoT.
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FIGURE 3.4 The functionality of IoT.

For example, consider owning a sports clothing and accessory business and wanting to
ascertain the popularity of various optional sports gear, such as fishing equipment, skat-
ing gear, or skiing accessories. Through IoT solutions, sensors can be employed to monitor
which sections of the store attract the most traffic and where customers linger the longest.
Leveraging these data, one can refine the business approach, identify top-selling items,
ensure popular products remain in stock, and optimize both time and resources.

The reach of IoT is vast, spanning numerous economic sectors. Its commercial uses span
the gamut, from household gadgets to transportation to factories to hospitals to banks to
the military [13]. Moreover, IoT systems can integrate Al and machine learning (ML) to
enhance and streamline data collection.

3.8 ELEMENTS WITHIN THE loT ECO SYSTEM

Integration of several technologies—AI, data analytics, sensors, network access, and a
graphical user interface—forms the foundation of the IoT ecosystem. Let us delve into
them individually:

3.8.1 Devices

IoT devices encompass various hardware forms such as sensors, gadgets, household appli-
ances, and machines designed for specific tasks and with the capability to transmit data
online. Mobile phones, factory gear, military hardware, healthcare gadgets, environmental
sensors, and more might all benefit from using these components [14]. Consequently, these
devices find their application in a wide range of products, from lights, refrigerators, secu-
rity systems, and printers to mobile phones, washing machines, headphones, and wearable
gadgets. Their complexity varies, and they can gather and disseminate data, facilitated by
the affordability of computer chips and the existence of swift wireless networks.

3.8.2 Sensors

Sensors are an indispensable part of the IoT infrastructure. They have the capability to
detect and observe changes in their surroundings and convert these observations into
signals comprehensible to both humans and machines [15]. There are two main types of
sensors: active and passive, as well as analog and digital. Common types of sensors used
in the IoT include thermometers, accelerometers, gyroscopes, gas analyzers, hygrometers,
barometers, light detectors, and infrared cameras. Their pivotal role enhances operational
efficacy, reduces costs, and boosts worker safety and productivity [16].
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3.8.3 Connectivity

The essence of IoT devices lies in their ability to connect via the internet. The scale of these
networks can be adapted based on the size and reach of the IoT system [17]:

o LAN (Local Area Network): This refers to a collection of devices interconnected at a
single physical point, such as a home, office, or building. A LAN can range from a sin-
gle-user home configuration to thousands of users, as well as gadgets in a large-scale
business network in an institutional context.

o PAN: This network facilitates data transfer among devices in close proximity to an
individual. It usually involves wireless communication between smartphones, PCs,
tablets, etc., aiming for data exchange between the devices or to a central server. The
IEEE 802.15 group predominantly oversees advancements in PANSs.

o MAN (Metropolitan Area Network): This network bridges computers across a met-
ropolitan region, which might include a major city or a cluster of smaller cities and
towns. A MAN is characterized by a larger coverage area compared to a LAN but is
still more limited in scope when compared to a WAN.

+ Wide Area Network (WAN): It comprises interconnected LANs or other networks.
In essence, a WAN is a network that is comprised of several interconnected networks,
with the Internet serving as the most prominent and expansive manifestation of a
WAN on a worldwide scale.

3.8.4 Artificial Intelligence

Individually, IoT and AI stand as immensely potent technologies. However, when inte-
grated, their efficacy is magnified. Al is typically defined as a system’s ability to execute
tasks or intelligently analyze and learn from data. When AI converges with IoT technology,
it results in a device capable of analyzing data and making informed decisions autono-
mously, encapsulating the core ideas of IoT. Figure 3.5 shows the fundamental building
blocks of an IoT setup.

3.9 RELATED TECHNOLOGIES FOR THE loT

Internet Protocol version 6; WSN; RFID devices; cloud computing; near-field communica-
tion systems; service-oriented architectures; global positioning systems; third-, fourth-,

Devices Field gateway Cloud gateway Storage Data analytics

FIGURE 3.5 Fundamental structure of an IoT system.
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FIGURE 3.6  Principal technologies and protocols enabling IoT systems.

and fifth-generation mobile networks; and geographic information systems are all essen-
tial to the smooth functioning of the IoT. Of these technologies, IPv6, RFID, and WSN are
deemed fundamental for the optimal functioning of the IoT. Figure 3.6 showcases various
technologies implemented in different IoT systems.

3.10 CHALLENGES OF INTERNET OF THINGS

IoT is undoubtedly a captivating topic of discussion. Sophisticated sensors, ultra-low-power
microcontrollers, and wireless technologies have all contributed to making IoT a reality,
but its broad acceptance is still an open question. Despite these advancements, several key
issues prevent the full realization of an IoT-dominated world.

3.10.1 Connectivity

The global reach of the internet has expanded, yet many remote areas and small vil-
lages remain offline. Companies like Google have explored innovative solutions like bal-
loon-powered internet, but universal internet coverage remains elusive. A foundational
assumption of IoT is the availability of consistent, fast, and reliable network connectivity,
which is currently one of the biggest hurdles.

3.10.2 Security and Trust

The twin challenges of trust and security are significant barriers to the widespread accep-
tance of IoT. Users harbor legitimate concerns about the safety of sharing their data in an
interconnected world. The interlinking of information and devices creates potential vul-
nerabilities. For instance, an IoT-connected home might be more susceptible to burglaries,
or a company might face data breaches with competitors accessing its production data.
Despite robust security measures, issues surrounding trust persist.

3.10.3 Interoperability

Establishing meaningful connections between a myriad of devices is challenging. For
seamless functioning, IoT demands standardized platforms that ensure connectiv-
ity, remote operability, cross-device programmability, and independence from specific
models, manufacturers, or industries. Essentially, IoT should be platform-agnostic and
compatible with varied operating systems, OEMs, connectors, versions, and protocol
standards.
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3.10.4 Energy and Environment

Many contemporary devices are battery-operated with limited lifespans. Anticipated pop-
ularity growth in IoT will lead to a significant increase in both the quantity of devices and
the scale of the network. Relying on current energy sources will be untenable for powering
this expansive network. A shift toward alternative energy sources will become crucial.
Additionally, if upcoming devices maintain short lifespans akin to current devices, the
resulting electronic waste will be monumental. This would not only disrupt environmental
equilibrium but also pose significant hazards. Hence, the evolution of IoT should empha-
size environmentally friendly designs. This entails research into alternative energy sources,
creating longer-lasting devices and focusing on the reusability and recycling of materials.

3.11 FUTURE APPLICATION AREAS OF INTERNET OF THINGS

The IoT is still in its developmental phase, hindered by various factors that prevent its
full utilization. However, the horizon for IoT is expansive, encompassing technological
advancements and their anticipated applications. Key initiatives in this domain could sig-
nificantly propel the growth of this rapidly evolving technology. Here are some potential
applications for the IoT:

3.11.1 Agriculture

With the escalating need for food, there is immense strain on agricultural production.
IoT can enhance agricultural yield and productivity, as well as modernize storage and
distribution methods. In developing nations, high initial investment costs often hinder
growth in this sector. M2M or IoT solutions can alleviate these challenges. Presently, devel-
oped regions like North America are leading in satellite-based M2M/IoT adoption, while
regions like the Middle East and Africa anticipate a 5.2% annual growth. In Asia, agricul-
ture’s potential growth could double revenues by 2023, raising its global share from 17.6%
in 2013 to 23.2% in 2023.

3.11.2 Construction Industry

IoT in construction provides comprehensive structural details, including imagery, over
time. It aids in identifying hazards posed by environmental factors, earthquakes, engi-
neering efforts, landslides, and industrial activities. IoT surveillance reduces the need for
frequent site visits. Its adoption in this sector is expected to witness a 25% annual growth,
reaching $3.4 billion by 2022.

3.11.3 Healthcare

In developing nations, dropping sensor costs will soon amplify IoT’s advantages. These
reduced expenses will foster the increased application of IoT in healthcare, exemplified by
innovations like smart bandages. These bandages, with integrated sensors, can notify both
patients and doctors about healing complications. Very Small Aperture Terminal networks
are also essential, acting as a fallback for terrestrial networks, especially vital in healthcare
in developing regions. The adoption of IoT tools, such as wearables and remote monitoring
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instruments, will surge, particularly after the COVID-19 pandemic, which hastened tele-
health efforts.

3.11.4 Geospatial Data Mining

Certain IoT applications demand geospatial analysis data. Geospatial mapping is increas-
ingly used for urban mapping, including traffic, pollution, and specific areas, as well as
disaster monitoring like earthquakes and landslides. Potential applications include devel-
oping urban risk maps through crowdsensing from mobile devices or real-time urban
sensing for personalized travel guidance using data mining and geospatial techniques.

In the realm of Al, gleaning valuable insights from intricate environments at varying
spatial and temporal resolutions remains a tough research topic. Contemporary techniques
employ shallow learning combined with both supervised and unsupervised methods. The
field of ML needs to shift its focus toward deep learning (DL), which seeks to understand
multiple abstraction layers to interpret data accurately. Additionally, resource limitations
in sensor networks present chances to integrate DL.

3.11.5 GIS-Based Visualization

Advancements in display technologies have paved the way for innovative visualiza-
tion techniques. The progression in this technology has led to enhanced data portrayal
via touch-screen interfaces, enabling users to navigate information more effectively and
swiftly. The introduction of 3D displays promises greater potential for research in visual-
izing processes or events. Yet, data sourced from ubiquitous computing are not always
primed for immediate visualization; they often require additional processing, especially
for diverse spatio-temporal data. There is a need to devise new visualization strategies to
present data from varied sensors within a 3D environment that also changes over time.
Another intricacy in visualizing IoT-collected data is its geo-relevance and sparse distribu-
tion, suggesting a need for an Internet GIS-based framework to address these challenges.

3.11.6 Sensor Fusion

The growth in sensor fusion has unveiled new possibilities, notably in domains like smart
homes and healthcare. Nonetheless, such applications can pose substantial privacy issues,
which are critical for understanding IoT management. Platforms developed for sen-
sor fusion have the potential to introduce unprecedented services. For instance, sensors
placed on cardboard boxes for fruits and vegetables can monitor location, temperature,
and movements. They can even detect the freshness of the produce and provide early alerts
on potential spoilages.

IoT evolution demands that entities such as environments, cities, buildings, vehicles,
wearables, and mobile gadgets continually accrue associated data. This enables them to
generate novel information. The emergence of 5G is anticipated to amplify data transmis-
sion speeds and bolster real-time analytics, thereby enhancing the efficiency and efficacy
of IoT devices.
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3.12 ARTIFICIAL INTELLIGENCE OF THINGS (AloT)

The term “smart” captivates us, yet current advancements do not quite embody human-like
intelligence. Take smartphones as an example. Even though they are labeled “smart,” they
do not perform many tasks autonomously. Ideally, a smartphone should mute notifica-

tions when the user is driving to minimize distractions. Achieving this would necessitate
a connection between the individual, the smartphone, and the vehicle. Similarly, if the
user falls ill, the smartphone should be capable of placing an emergency call to a relative or
nearby hospital. To facilitate such functionalities, the device would need access to relevant
data and connections. If we delve into more examples, it is evident that for objects to truly
function smartly, everything in the physical world needs to be interconnected. Achieving
genuine “smartness” hinges on the capabilities of Al

Al is poised to endow machines with human-like thinking, propelling industries into
a new digital era. Whether it is humans, fauna, flora, machinery, household gadgets, or
natural elements—networking them and enabling intelligent decision-making can lead to
a more automated environment. Real autonomy of the physical world necessitates ML [18],
which imitates human learning processes, and a data analysis (DA) [19] component. While
ML develops methods for self-reliance and automation, DA interprets historical data to
refine future actions. The momentum behind integrating ML and DA into smart systems,
including sensors [20] and embedded systems [21], is palpable. AI's underlying technology
is mesmerizing, prompting us to reevaluate our understanding of life’s essence and our
professional roles. The rapid evolution driven by ML and DA in the realm of AT highlights
the necessity to examine its trajectory, challenges, and potential risks.

Central to this wave of change is the IoT [22-24], envisioning a world teeming
with interconnected smart devices or smart objects [25-27]. These connections span
human-to-human, human-to-object, and object-to-object interactions. The Internet of
Everything [28] expands on this, proposing a network where every entity, whether ani-
mate, inanimate, or digital, is linked. When implemented, the result is a cyber-physical
system [29]. This interconnected ecosystem is a data goldmine, paving the way for extract-
ing insights. Multiple fields, including database management systems [30], pattern recog-
nition [31], data mining [19], ML [18], and big data analytics [32-34], will need to refine
their techniques to manage this influx of information.

3.13 ARTIFICIAL INTELLIGENCE

ATinvolves the creation of machines designed to mimic human intelligence, enabling them
to perform tasks that have traditionally been the purview of the human mind. Applications,
processing speed, flexibility, and usefulness are just a few of the areas where the reach and
potential of Al-driven systems are growing quickly. As they improve in capability, robots
are taking over an increasing number of previously human-only activities. While humans
inherently “make” perfect decisions based on context, Al systems merely “select” the best
decision for a given moment. In essence, the nuanced creativity in human decision-making
is absent in AI. Although human creativity will inevitably redefine productive roles, Al
systems have proficiently minimized redundant human tasks and delivered faster results.
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FIGURE 3.7 Evolution from conventional libraries to intelligent libraries through the
implementation of Al and IoT.

Presently, most Al initiatives fall under “Narrow AL” which enhances specific tasks. Yet,
the aspiration is to surpass this limitation.

The development of Al is being driven by a convergence of fields such as computing,
philosophy, mathematics, biology, statistics, psychology, physics, and sociology. These
fields collaborate to accentuate AT’s interdisciplinary character. The essence of intelligence
lies in the vast data emerging from these domains. Analyzing these data to discern under-
lying principles is crucial. While the human brain can achieve this, it is often a lengthy
process due to the challenging characteristics of real-world data, such as its immense vol-
ume, unstructured format, diverse origins, the requirement for real-time processing, and
constant flux. Other nuances include volatility and virality.

In essence, Al represents a sophisticated approach to effectively harness these data,
making it comprehensible, amendable (especially when inaccuracies arise), relevant, and
insightful. Central to AI's prowess is its dependency on data science techniques. Broadly
speaking, data science crafts tools and methodologies to scrutinize vast datasets and extract
valuable insights. Thus, data science emerges as a convergence of multiple research areas.

In contrast to conventional libraries, individuals can primarily experience the advan-
tages of library advancement propelled by Al and IoT across three main areas: intelligent
services, sustainable smart solutions, and enhanced security, as illustrated in Figure 3.7.

3.14 HOW DOES ARTIFICIAL INTELLIGENCE OF THINGS WORK?

In the realm of the Artificial Intelligence of Things (AIoT), Al is integrated into infrastruc-
ture elements such as programs and chipsets, all of which are linked via IoT networks.
Application programming interfaces ensure seamless operation and communication
between all hardware, software, and platform components, eliminating any hassles for the
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end user. When active, IoT devices generate and collect data, which Al then evaluates to
offer insights, enhancing efficiency and productivity. These insights are derived through
techniques like data learning.

AloT systems can be classified into two primary categories: cloud-based and edge-based.

3.14.1 Cloud-Based AloT

Often referred to as the IoT cloud, this approach manages and processes data from IoT
devices through CC platforms. It is crucial to link IoT devices to the cloud as it serves as
the central hub for data storage, processing, and accessibility for various applications and
services. Figure 3.8 illustrates the implementation of AloT architecture in a cloud-based
environment. The cloud-based AIoT is structured into four main layers:

1. Device Layer: This layer encompasses diverse hardware types such as tags, beacons,
sensors, vehicles, industrial equipment, embedded systems, and health and fitness
gadgets.

2. Connectivity Layer: This segment includes field and cloud gateways, which can be
either hardware or software components, connecting cloud storage to controllers,
sensors, and other smart devices.

3. Cloud Layer: This layer is responsible for data processing through an Al engine, data
storage, visualization, analytics, and data accessibility via an APL.

4. User Communication Layer: This section involves web portals and mobile apps.

3.14.2 Edge-Based AloT

Here, data from IoT devices are processed close to the source, which reduces the band-
width needed for data transfer and prevents potential analysis delays. Figure 3.9 shows
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FIGURE 3.8 Implementation of AloT architecture in a cloud-based environment.
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FIGURE 3.9 Implementing AIoT architecture at the edge.

the implementation of AloT architecture at the edge. The edge-based AIoT is divided into
three key layers:

1. Collection Terminal Layer: This layer spans a variety of hardware devices such as
embedded systems, vehicles, industrial machinery, tags, beacons, sensors, mobility
gadgets, and health and fitness devices, all linked to the gateway over existing power
lines.

2. Connectivity Layer: This layer includes the field gateways to which the collection
terminal layer connects over existing power lines.

3. Edge Layer: This part provides facilities for data storage, processing, and generating
insights.

3.15 WHAT ARE THE BENEFITS AND CHALLENGES OF AloT?
The benefits of AIoT encompass the following:

« Operational Efficiency: IoT devices with Al capabilities can interpret data to identify
patterns and insights, allowing systems to adjust operations for greater efficiency.

+ Real-Time Adjustments: Systems can produce and evaluate data to pinpoint failures
and make necessary modifications immediately.

« Data Analysis Efficiency: Less human intervention is needed to monitor IoT devices,
leading to cost savings.

« Scalability: The number of devices within an IoT framework can be augmented to
refine existing processes or add new functionalities.

« Innovative Technology Synergy: AloT is revolutionary, providing mutual advantages
for both AI and IoT. IoT improves Al by increasing connection and data exchange,
whereas AI enhances ML and decision-making in IoT. Enhanced value extraction
from IoT data is one way in which this consolidation might help businesses improve
their products and services.
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« Improved Security: While IoT devices might be vulnerable to security threats, Al
can pinpoint and counteract these threats by analyzing sensor data to detect anoma-
lies and possible security infringements.

o Minimized Human Errors: Businesses suffer significant losses annually due to
human mistakes. Integrating ML with IoT can substantially reduce these errors. As
data flow through various stages or locations, it’s prone to errors, such as incorrect
data entry. AloT examines data at its origin, decreasing data transit and intermediar-
ies, and subsequently, the likelihood of mistakes.

+ Personalization: Al can utilize data collected by IoT devices about user preferences
and behaviors to enhance user experiences. For instance, an intelligent speaker can
ascertain a user’s music tastes and autonomously curate personalized playlists.

However, AloT is not without potential pitfalls. For instance, a malfunctioning autono-
mous delivery robot could delay product deliveries. Smart retail outlets might misread a
customer’s facial features, leading to unintentional shoplifting, or a self-driving car might
overlook an approaching stop sign, resulting in an accident.

AloT also presents several challenges:

o Cybersecurity Concerns: The expansion of AloT-connected devices amplifies the
threat of cyberattacks and security breaches.

« Integration Complexity: Merging IoT with Al can be intricate, requiring specialized
knowledge and expertise.

« Data Management Issues: Robust data management strategies are needed to process
the diverse data collected by sensors.

« Expense: Implementing AloT technologies often requires specialized hardware, soft-
ware, and skilled personnel, leading to high costs.

« Privacy Risks: Questions arise about the handling and storage of data collected by
AloT devices, potentially leading to privacy infringements and legal ramifications.

3.16 loT TECHNOLOGIES ENHANCED BY Al
Both IoT and AI have significantly transformed the field of librarianship. Yet, depending

solely on a single technology doesn’t maximize its potential in real-world applications.

From a service standpoint, the introduction of RFID-based self-checkout machines has
undoubtedly increased efficiency compared to traditional librarian tasks. However, if these
machines are placed in less-than-optimal locations, their efficiency can be reduced due
to underutilization. Leveraging AI can assist in determining the best locations for these
machines by analyzing past usage data and patterns of readers using Al algorithms.

In terms of sustainability, having high levels of light in a reading room corner where
books are seldom accessed is wasteful. By analyzing previous data on reader motion pat-
terns, Al can intelligently change the brightness. In addition, many air conditioners,
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which use a lot of power, are installed in study nooks, data centers, and compact stacks.
Overusing these devices in low-traffic areas is inefficient and wastes resources. This issue
can be addressed by either placing the right number of air conditioners or dynamically
adjusting their operational modes, informed by historical environmental data.

Regarding security, potential malicious borrowing activities can be preemptively iden-
tified through AT’s analysis of past borrowing data collected from RFID self-checkout
machines. This can then initiate further verification steps, such as confirming alert mes-
sages from the Al system. Generally, AT can swiftly detect anomalies when there’s a notice-
able departure from standard operations.

However, solely relying on AI has its limitations. For instance, the RFID monitoring
system might alert staff if someone with bad intentions tries to leave the library with stolen
books in their luggage. Moreover, without IoT devices, it’s impossible to gather and analyze
the reader data essential for AI algorithms [35-38].

The benefits of both AI and IoT in the setting of a Smart Library can be amplified
by the other. A holistic exploration of how AI supports IoT in the “Smart Library” is
approached from three distinct perspectives.

3.16.1 Library Service Applications with Intelligent Features

Librarians work to provide a welcoming space for their patrons and utilize the library’s
limited resources. Traditional methods have not fully addressed the issue of seat arrange-
ment. For instance, a vacant yet reserved seat, especially during exam times, represents a
significant resource wastage. Newer solutions using AlI-powered IoT are being introduced
to tackle these challenges. The work in Refs. [39,40] shows a system where seat usage can
be dynamically tracked and managed using web applications, pressure, and RFID sensors.
In Refs. [41,42], users can easily manage reading room seats using a mobile device, adjust-
ing based on real-time data. This concept is also applied in study room management, as
illustrated in Ref. [43]. Here, a step-by-step process employs facial recognition and sensors
to manage reservations. A block diagram representing this study room occupancy pro-
cedure is shown in Figure 3.10. Intriguingly, a network of BLE beacons, KNN algorithm,
and Wi-Fi may be used to track the changing occupancy of a given area [44]. This enables
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FIGURE 3.10 A diagram depicting how the classroom’s available seats are assigned and used.
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FIGURE 3.11  Depicting the flow chart of the personalized activities learning system.

students to form study groups based on real-time location and interests, thus optimizing
space and enhancing smart service efficiency.

Book sorting is crucial for enhancing the efficacy of the book circulation service.
Barcode and DL-powered optical character recognition (OCR) work together to dramati-
cally improve productivity [45]. Figure 3.11 depicts the organizational structure of the sys-
tem, including the components of the Data Collection Model as well as the Data Process
Model. In Ref. [46], a drone robot equipped with visual localization and OCR assists with
book inventory tasks. The setup in Refs. [47-49] uses CC and recommendation systems to
suggest books to students based on their reading history, saving time and costs. For the
visually impaired, the solution in Refs. [50-52] uses OCR, deep learning, and sensors to
convert physical book content into audio. Lastly, Ref. [53] introduces an innovative model
for online teaching. Using real-time class interaction data and ML, the system updates
cloud-stored data, offering tailored evaluations of students’ cognitive features.

In Ref. [54], a set of solutions is presented to address the issue of incorrectly reading
RFID tags during the circulation process. By using prior received signal strength (RSS)
measurements combined with KNN, it is possible to accurately locate the RFID tags on
books. This aids in differentiating between correctly identified books and those that were
misread. Similarly, Ref. [55] presents a technique that uses RFID and ML methods to pre-
cisely localize bookshelves. This method significantly enhances the precision in identifying
books situated in specific rows, cabinets, and racks. Another technique, as mentioned in
Refs. [56-58], relies on RSS data from RFID combined with DL to locate books on shelves.

The success of a personalized book service may be evaluated in part by how well it
captures the reader’s attention to a certain title. In Ref. [59], researchers combine RNN
DL with CRFID to record users’ book-related behaviors, including browsing, rearrang-
ing, page-turning, borrowing, and reading. Data on these activities are gathered through
CRFID, which inherently has sequential characteristics, making it particularly suited for
RNN-based ML. This approach aids in offering valuable recommendations to meet reader
demands. The detailed process of Ref. [59] is depicted in Figure 3.12.

3.16.2 A Sustainable Smart Library with Practical Applications

When thinking about the long-term health of human civilization, the carbon footprint is a
major factor to consider [60]. The day-to-day maintenance and administration of a library
require a large number of resources. Moreover, they produce notable metabolic by-products,
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FIGURE 3.12  Intelligent book sorting system architectural diagram.

including carbon footprints. Therefore, there is an urgent need to manage resource consump-
tion sustainably. Al-enhanced IoT can strategically schedule sustainability based on real-world
requirements. As documented in Ref. [61], a series of Al-supported IoT methods have been
introduced to adjust the lighting in libraries, optimizing natural light usage. The smart mode
may be activated by going into the device’s settings menu. The system’s sensors then mea-
sure light intensity and angle, adjusting autonomously based on user settings, as depicted in
Figure 3.13. In another study [62], a system designed to boost sustainability efficiency in smart
libraries is introduced. Several sensor networks, servers, as well as sensors are all part of this
system. These sensors gather data on aspects like temperature, humidity, and user details, as
illustrated in Figure 3.14. All data are harmonized with the server, allowing the server’s control
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FIGURE 3.13  Depicts the smart light shade system’s management structure.
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FIGURE 3.14 The smart sustainability managing framework’s practical procedure for accomplish-
ing tasks.

center to make smart decisions on equipment operation. For instance, lighting can be adjusted
based on historical and real-time data. Lastly, Ref. [63] presents an innovative approach to
maintaining optimal environmental conditions. This approach utilizes multiple sensors and
visual data monitoring to ensure the best possible environment for preservation.

3.16.3 Applications for Secure Smart Libraries

Libraries provide a tranquil and convenient environment for readers. However, in such
public settings, there’s a potential risk of unintentionally exposing personal items and pri-
vate data. As we usher in the era of big data and its related processing methodologies, the
demand for privacy safeguards will increase. Leveraging Al-powered IoT can significantly
reduce the risk associated with the exposure of personal items and privacy. Studies men-
tioned in Ref. [64] suggest an innovative authentication framework designed to protect
reader privacy. Specifically, in Ref. [64], the data gathered through RFID are encrypted
using a smart authentication algorithm, enabling secure transactions through multiple
data interactions, as depicted in Figure 3.15. Using sophisticated fuzzy sets as well as
case-based reasoning, the IoT risk warning system introduced in Ref. [65] can keep tabs on
the health of connected devices and user behavior without any intervention.
IoT warning system with AI described in Ref. [65] has many steps in its operation:

« Risk abnormalities are detected through sensors.

« Information gathered by these sensors is sent to an IoT-based assessment and pro-
cessing layer.

« Within the processing layer, this information is compared with records of unusual
occurrences that have been saved over time.

o The evaluated data are then passed on to the decision-making layer, where fuzzy sets
as well as case-based reasoning are used to classify the precise nature of the anomaly.

+ Once a decision is reached, the historical dataset is updated and reserved for future
data processing and comparison, as illustrated in Figure 3.16.



50 m Future Communication Systems Using Al, loT and Data Science

RFID reader ((‘r))
—
Verification
interactions
RFID tag %

Built-in chip sesass

FIGURE 3.15 The structure of a smart RFID authentication system workflow.

¢
X

Decision
layer

FIGURE 3.16 Illustrates the structure of an IoT warning system enhanced with AI workflow.

3.17 CONCLUSION

In conclusion, the convergence of the Internet of Things (IoT) and Artificial Intelligence
(AI) marks a significant milestone in technological advancement, offering groundbreaking
possibilities that promise to redefine our interaction with the physical and digital worlds.
This confluence, often referred to as AloT, amalgamates the pervasive connectivity of IoT
with the cognitive capabilities of AI, paving the way for smarter devices, more intuitive
interfaces, and streamlined operations.

Both IoT and Al independently have brought about significant changes, making our
lives more convenient, efficient, and interconnected. When fused, they promise a world
where cities are smarter, industries are more automated, and everyday experiences, from
household tasks to library visits, are enhanced. The potential applications span from
urban planning and traffic management to revolutionizing the library experience with
AloT-driven solutions, such as personalized book services, intelligent seat management,
and eflicient resource consumption.

However, the marriage of these two domains is not without its challenges. The extensive
data collection and sharing brought about by IoT devices, coupled with the processing
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power and decision-making capabilities of AI, amplify concerns related to security, pri-
vacy, and complexity. As these technologies become more intertwined, the vulnerabilities
they may introduce become more intricate, requiring a proactive approach from all stake-
holders. Cybersecurity, privacy risks, and the complexities in integrating and managing
AloT technologies are issues that need earnest attention. The cost implications, while pro-
viding transformative outcomes, must also be assessed judiciously.

It is of paramount importance for manufacturers, developers, governments, and con-
sumers to prioritize security, privacy, and ethical considerations. Only with a balanced
approach can we harness the full potential of the AIoT synergy, ensuring that the benefits
are maximized, and the associated risks are minimized. As we step into this new era of
interconnected intelligence, the challenge lies not just in technological innovation but in
responsible and informed adoption. The future beckons a world transformed by AIoT, but
it is up to us to navigate this journey wisely and ethically.
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4.1 INTRODUCTION: BACKGROUND AND DRIVING FORCES

Artificial intelligence (AI) has rapidly advanced and become a ubiquitous presence in our
daily lives [1]. It is being used across various industries for efficiency gains and cost reduc-
tions. Al has also brought about significant changes in the way we work and live, becoming
a national strategy for development and application [2]. From voice assistants like Siri and
Alexa to chatbots and virtual assistants, Al is now an integral part of the way we com-
municate. With ChatGPT being the fastest growing “app” on record, it’s clear that AT will
have a huge impact on us, society, and the way we communicate. Al has found extensive
applications in clinical medicine, aiding in image analysis, lesion determination, health-
care management, and disease prediction [3]. Al is rapidly evolving and is expected to have

a significant impact on communication in the future [4,5].
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Al is already being applied in various industries, including the news industry, where
it is used for news gathering, content production, distribution, and consumer consump-
tion [6]. In the field of smart grid, AI techniques are being used to address the challenges
of integrating renewable energy sources into the electrical grid [7]. The development and
deployment of AI have economic, social, and geopolitical implications, which require
international policy coordination and cooperation [8]. Al technology is still in the research
and development stage, with the potential to enhance human welfare and benefit human-
ity. Overall, AT is poised to reshape the way we connect and interact, offering new possibili-
ties and opportunities for communication.

This chapter explores the exciting prospects of Al in the future of communication, delv-
ing into the transformative impact it is expected to have on various aspects of human
interaction.

4.1.1 Al in Communication

One of the most significant benefits of Al in communication is its ability to improve acces-
sibility and efficiency. For example, chatbots and virtual assistants can provide instant
responses to inquiries and customer service requests, freeing up human customer service
agents to focus on more complex tasks. This can lead to high availability, customer satis-
faction, low response time, and cost savings [9]; they can be used in various settings such
as care management for monitoring patients’ health conditions and recovery, resulting in
improved outcomes and strong trusting relationships with care managers [10]. Firms using
virtual agents (VAs) in service encounters should maximize perceived VA humanness, as
it positively affects customer satisfaction [11]. Systems and methods that manage conversa-
tions in real time with human customers based on a dynamic and unscripted conversation
flow with a virtual assistant can offer significant improvements to chatbot conversational
experiences, providing a more natural and efficacious dialogue experience. Overall, chat-
bots and virtual assistants have the potential to enhance customer service experiences
and optimize resource allocation. AI-powered translation services can also break down
language barriers and facilitate communication between individuals who speak different
languages [12].

AT can also enhance the personalization of communication. With access to large
amounts of data [13,14]. AI can also be used to create personalized symbols for individuals
who struggle with speech or writing [13]. Additionally, AI can enable the personalization
of wireless networks based on each user’s actual quality of service requirements and con-
text, optimizing user satisfaction levels [14]. Furthermore, AI can be used for hyper-per-
sonalization in online business, addressing users’ real-time needs and delivering the right
information at the right time to the right customer through the right channel [15].

Al-powered tools can analyze user behavior and preferences, tailoring communication
to suit the individual’s needs. Additionally, AI can use predictive capabilities to antici-
pate what a user may need or want, providing suggestions and recommendations that can
enhance the user’s experience. For example, Spotify uses Al to curate personalized playlists
for its users, based on their listening history and preferences [16,17].
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Another benefit of Al in communication is its ability to analyze and interpret large
amounts of data, providing insights that can help individuals and organizations make
more informed decisions [18]. For example, social media monitoring tools can use AI to
analyze trends and sentiment across social media platforms, helping businesses to better
understand their audience and improve their marketing strategies.

4.1.1.1 The Challenges and Risks of Al in Communication

The challenges and opportunities of distinguishing between Al-generated and
human-generated communication are explored in the provided abstracts. One challenge
is the Replicant Effect, where participants mistrust hosts whose profiles are labeled as or
suspected to be written by AI. While AT has the potential to revolutionize communication,
it also poses certain challenges and risks. For example, as AI becomes more sophisticated,
it may become difficult to differentiate between Al-generated and human-generated com-
munication [19]. This could lead to issues with trust and transparency, particularly in areas
such as journalism and marketing. Additionally, AI algorithms may perpetuate biases and
reinforce existing inequalities if they are not properly designed and tested.

Research has shown that AI language models can perpetuate gender and racial biases,
reflecting the biases that are present in the data they are trained on. Studies have demon-
strated that language models inherit higher bias when trained on unbalanced data, but
using debiased pre-trained embeddings can help reduce bias [20]. For example, a study by
the AI Now Institute found that popular language models such as GPT-2, 3, 4 and BERT
have gender biases, with male pronouns and names being more frequently associated with
career-related words than female pronouns and names [21]. Furthermore, research has
shown that gender bias is also present in syntax textbooks and academic articles, where
women are underrepresented and subjected to gender stereotypes [22]. These findings
highlight the need for awareness and efforts to address gender biases in language models,
academic publications, and everyday speech.

4.1.1.2 The Future of Al in Communication
Despite the challenges and risks of AT in communication, the potential benefits are too sig-
nificant to ignore. Al has the ability to enhance efficiency and productivity, freeing com-
munication professionals to focus on the creative side, strategy, and analytical thinking
[23]. As AT continues to advance, it can become more sophisticated and capable of under-
standing and responding to human communication in more natural and nuanced ways
[24]. The development of humanoid robots, such as Sophia, demonstrates the potential for
AT to interact with humans in a lifelike and natural manner [25]. However, it is impor-
tant to ensure that Al is developed with safety, transparency, and ethical considerations in
mind. By addressing these challenges and harnessing the potential of AI, communication
professionals can benefit from its capabilities while also being aware of its impacts and
ensuring its responsible use [26].

Additionally, the use of Al in communication is expected to increase in fields such
as healthcare, education, and customer service. For example, telemedicine and telether-
apy services are using Al-powered chatbots to provide instant mental health support to
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patients. Al is also being used to develop personalized educational content and provide
students with individualized feedback.

4.1.1.3 Enhanced Personalization

In the foreseeable future, Al is set to revolutionize communication by ushering in an era
of unparalleled personalization. As Al systems gain insights from user behaviors and
preferences, they will refine content delivery, recommendations, and responses to cater
to individual requirements, thus crafting highly unique and captivating user experiences.
However, this progression also raises essential concerns. The need for extensive user
data to fuel sophisticated AI systems for personalization calls attention to privacy and
security issues [27]. Moreover, the potential for Al systems to perpetuate biases present
in human-generated data presents challenges to fairness and equality. Additionally, AT’s
struggle to comprehend and respond to human emotions remains an obstacle to effec-
tive communication. To harness AT’s potential, transparency and accountability are para-
mount, ensuring users comprehend AI processes and data usage. The looming threat of
job displacement demands equitable solutions for sharing AI benefits. Furthermore, as
Al-driven communication tools proliferate, they might be exploited to disseminate misin-
formation, eroding public discourse and trust. The loss of control over increasingly potent
AT systems poses risks to privacy and security, underscoring the need for responsible
development and deployment strategies.

4.1.1.4 Natural Language Processing

A dramatic revolution in AI-driven communication is about to occur because to develop-
ments in natural language processing (NLP). The line between human and machine con-
tact is increasingly being blurred as voice assistants and chatbots get more sophisticated
and are able to comprehend context, emotions, and language nuances. The widespread
deployment of Al in communication may be impacted by issues including data privacy,
bias, emotional intelligence, transparency, accountability, job displacement, false infor-
mation, eroding trust, and loss of control as these innovations take shape [18]. Moreover,
additional concerns include the potential development of autonomous Al systems com-
municating independently, the misuse of Al for social engineering and criminal activities,
and the ethical implications of these advancements. Taking on these complex problems is
essential to responsibly use AT's potential for communication, highlighting the significance
of a complete knowledge of AT’s ethical implications and the implementation of safeguards
to assure its beneficial effects [28,29].

4.1.1.5 Seamless Multilingual Communication

In the realm of future AI-driven communication, language barriers are rapidly dissolving
thanks to advanced translation tools that offer real-time cross-cultural understanding and
collaboration [30]. While difficulties like accuracy, biases, adoption barriers, privacy wor-
ries, job displacement, and potential abuse for propaganda and impersonation must care-
fully be addressed to ensure ethical and beneficial integration, Al language models have
the potential to bridge linguistic divides as they continue to develop [31]. The integration of
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Al into translation services brings forth a set of pivotal challenges. First, the advancement
of accuracy and fluency is ongoing, yet concerns linger over potential misunderstandings
and communication breakdowns due to lingering inaccuracies and awkward phrasing.
Second, the issue of cultural sensitivity emerges as AI language models inherit biases from
training data, potentially leading to unjust treatment or bias against certain groups. Third,
despite its transformational potential, user apprehension and distrust pose obstacles to the
acceptance and deployment of Al-powered translation. Fourth, as Al-driven translation
becomes more complex, more user data must be accessed, raising issues with data security
and privacy. Finally, the transformative power of Al translation also poses a dilemma of
potential job displacement, demanding deliberate strategies to ensure the fair distribution
of AT’s advantages [32]. Beyond these, other potential challenges include the potential mis-
use of Al for censorship, propaganda, or criminal purposes, such as generating fake news
or impersonation. The deployment of strong safeguards and a thorough knowledge of AT’s
ethical implications are required to address these issues and enable its appropriate and
beneficial inclusion into international communication.

4.1.1.6 Empowering Remote Collaboration

Al-powered communication tools are expected to further disrupt the rapidly changing
communication scene, which has already seen a growth in remote work and virtual col-
laboration spurred on by recent international events. Through the use of these tools, teams
will be able to collaborate more effectively and productively across geographic borders
by streamlining scheduling, automating administrative processes, and improving video
conferencing [33]. However, this transformative potential also introduces a series of chal-
lenges. These encompass concern about data privacy and security due to the increasing
sophistication of AI tools, the risk of biases from human-generated training data influenc-
ing communication, the ongoing struggle of Al to comprehend and respond to human
emotions effectively, the necessity of transparency and accountability for user trust, the
potential for job displacement, the misuse of Al tools for misinformation and trust erosion,
and the potential loss of human control over increasingly potent AI systems. Al-powered
communication tools are expected to further disrupt the rapidly changing communication
scene, which has already seen a growth in remote work and virtual collaboration spurred
on by recent international events. Through the use of these tools, teams will be able to
collaborate more effectively and productively across geographic borders by streamlining
scheduling, automating administrative processes, and improving video conferencing [34].

4.1.1.7 Predictive Insights and Decision-Making

The future of Al in communication holds the promise of insightful and strategic platforms
that leverage AT’s ability to provide predictive insights, enabling businesses and individu-
als to make informed decisions by identifying trends and patterns [35,36]. However, this
evolution is accompanied by a set of challenges. These encompass concerns regarding data
privacy and security, as Al-powered communication platforms require access to more user
data, as well as the potential for biases derived from human-generated training data, which
could lead to unjust or discriminatory outcomes. Emotional intelligence remains a hurdle,
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as Al platforms struggle to fully grasp and respond to human emotions, impacting the
nuanced nature of communication. The potential for AI-powered platforms to spread mis-
information, erode trust, and disrupt human control raises critical concerns. To guarantee
that AI is responsibly included in the future of communication, these problems should be
addressed and reduced by thorough ethical considerations and strong protections [37,38].
As AT’s capacity to analyze enormous volumes of data in real-time grows, it creates oppor-
tunities for more strategic and intelligent communication. Al has the potential to custom-
ize communications, optimize marketing campaigns, uncover consumer behavior trends,
and anticipate attrition. To ensure ethical and secure use, it is crucial to remember that AI
is still a new technology, therefore these improvements must be treated with careful con-
sideration of problems.

4.1.1.8 Ethical Considerations

In the evolving landscape of communication, the increasing prominence of Al brings ethi-
cal considerations to the forefront. As Al gains a central role, safeguarding data privacy,
rectifying biases in algorithms, and upholding transparency are pivotal to building trust
and promoting responsible Al integration into communication practices [39]. AI-powered
communication systems, as they become more sophisticated, necessitate access to
greater user data, raising legitimate concerns about data privacy and security. Instilling
user confidence will depend on ensuring appropriate data usage and protecting privacy.
Furthermore, the possibility of biases in AI systems originating from human-generated
data highlights the significance of creating impartial AI systems that treat all users fairly.
Transparency and accountability must prevail, allowing users to comprehend how AT sys-
tems operate and how their data are utilized, granting them the ability to control and limit
data usage as desired. Trust in Al communication systems hinges on developers’ transpar-
ency regarding system functioning and data usage, fostering widespread and responsible
adoption [40-42]. Embracing responsible AI deployment demands not only societal ben-
efits but also careful consideration of potential repercussions, such as misinformation dis-
semination or erosion of privacy. Addressing these challenges is imperative to ensure that
AT contributes positively and ethically to society’s communication landscape [43].

4.2 LITERATURE SURVEY

The importance of communication is unmatched in today’s digital environment because of
technological breakthroughs. The development of technology and the internet has changed
how we communicate, work together, and share information. Today, effective communica-
tion is essential for success because it enables people to take advantage of a variety of tech-
nological options. The capacity to interact with people worldwide, exchange ideas through
blogs and podcasts, develop personal connections, work together easily, and stay on top of
trends has made communication the key to using the digital landscape.

The integration of AI has further propelled the evolution of communication [18]. AT has
simplified, automated, and increased the efficiency of communication thanks to advance-
ments in NLP and machine learning. With the ability to utilize vocal commands, virtual
assistants like Siri, Alexa, and Google Assistant have changed how people engage with
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technology [44]. Al makes communication more accessible, benefiting those with disabili-
ties through text-to-speech and speech-to-text technologies [45]. In the realm of AI-driven
innovation, ONPASSIVE stands out as a trailblazer. Al-based companies pioneer cut-
ting-edge solutions, striving to provide fully autonomous products to a global clientele
[46].

Researchers have studied how Al is changing conventional communication paradigms.
The way users engage with technology is changing thanks to chatbots, virtual assistants,
and Al-driven recommendation systems. By automating customer service and increas-
ing user engagement, chatbots powered by Al enable real-time conversations [47]. Virtual
assistants like Siri and Google Assistant have revolutionized device-human interactions,
making tasks hands-free and intuitive [48].

Personalized communication experiences are now possible because of AI's capacity to
comprehend user preferences, actions, and language subtleties. User data are analyzed
by AI algorithms to give customized content, increasing engagement and pleasure. User
engagement and conversion rates have grown as a result of personalized marketing tech-
niques that are fueled by Al analytics [49].

Language boundaries have been removed by Al-driven language translation systems,
allowing for seamless communication across borders. With the use of real-time translation
services, people may engage with others throughout the world more effectively by commu-
nicating in their native tongue [50]. AI-powered translation tools are gaining traction in
fields like diplomacy, international business, and cross-cultural collaboration.

AT’s introduction into communication raises several moral questions. Concerns con-
cerning fairness and equitable representation have been highlighted as a result of bias in Al
models caused by skewed training data [51]. Researchers emphasize the need for ethical Al
development to mitigate biases and ensure unbiased communication outcomes.

With AD’s growing dependence on user data, safeguarding privacy and security has
become paramount. Ensuring user trust by transparently handling data and implement-
ing stringent security measures is essential [52]. AI-driven encryption techniques and pri-
vacy-preserving protocols are emerging to protect sensitive communication data.

AT’s integration in communication extends to enhancing collaborative and multimodal
interactions. Collaborative platforms empowered by Al enable effective teamwork, proj-
ect management, and coordination across geographies [53]. The incorporation of AI in
interactive visualization tools offers new avenues for data-driven communication, aiding
decision-making and information dissemination.

The literature emphasizes how Al is used in a variety of fields, including healthcare,
finance, marketing, and education. Virtual financial advisers give individualized financial
advice, medical chatbots powered by AI in the healthcare industry simplify patient con-
tacts, and Al-driven educational platforms provide individualized learning opportunities
(54,55].

Future study focuses on improving AT’s comprehension of sarcasm in communication,
cultural settings, and human emotions as it develops [56]. The ethical dimensions of Al in
communication, along with addressing privacy concerns and ensuring transparency, are
areas that require continuous exploration [57].
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4.3 THE FUTURE OF Al IN DIVERSE TYPES OF COMMUNICATIONS
4.3.1 Fundamental Communication

Future study focuses on improving AI’s comprehension of human emotion as it develops.
There is a significant transition taking place across several disciplines with regard to the
use of Al in communication in the future. A major move toward Al systems that not only
comprehend and respond to human language but also do so with naturalness and empathy,
cultural contexts, and sarcasm in communication is represented by improved communica-
tion [58]. This entails AI-driven communication systems seamlessly blending technologi-
cal prowess with human-like interactions, resulting in more intuitive user experiences. In
order to remove obstacles and make interactions with Al systems more user-friendly and
emotionally engaging, it is imperative to reach this degree of naturalness. Additionally,
privacy and security take on a crucial role in this growth, needing careful design to protect
user data and build trust. Transparency and accountability are equally essential, as users
need to have insights into how Al systems operate and utilize their data.

AT’s influence on human-computer interaction (HCI) is becoming more and clearer [59].
Customer service is being redefined by chatbots, which offer quick and helpful support.
By supporting users with tasks and information retrieval, virtual assistants are increas-
ing productivity. Machine learning and language processing are advancing the way we
use technology and comprehend massive volumes of data. Machine-to-Machine (M2M)
communication adds another layer of complexity to the AI landscape [60]. Here, chal-
lenges include ensuring data privacy, making Al systems interpretable, preventing biases,
fortifying their robustness against potential attacks, and optimizing their efficiency. These
challenges are especially crucial in smart domains like transportation, manufacturing,
healthcare, and cities, where AI’s transformative impact is most pronounced.

As AT technology advances, its promise in M2M communication intensifies, reshaping
industries and societies at large. The synergy between AI and communication promises a
dynamic and evolving landscape driven by transformative technology and human inge-
nuity. In essence, the future of Al in communication holds the potential to foster more
natural, empathetic, creative, and secure interactions while addressing the multifaceted
challenges associated with responsible innovation in this field.

4.3.2 Enhanced Communication

In the rapidly evolving landscape of Al-powered communication, the challenge of achiev-
ing explainability and interpretability is becoming increasingly pivotal. It is essential
for AT systems to provide clear explanations for their decisions, especially in sectors like
healthcare and finance, where trust and transparency are non-negotiable. Similarly, the
ability to interpret the inner workings of Al systems is crucial for debugging, trouble-
shooting, and eliminating biases, ensuring their accountability. However, as Al systems
advance in complexity, explaining and interpreting their actions becomes more challeng-
ing, making ethical and responsible usage imperative. The absence of standardized guide-
lines for achieving these goals makes it difficult to compare and ensure user satisfaction.
Furthermore, the high costs associated with developing and maintaining transparent Al
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systems can limit their accessibility to a broader audience. Building and maintaining user
trust is paramount, as transparency in decision-making and the absence of biases are criti-
cal for retaining user confidence in AI systems [61]. To navigate these intricate challenges
in communication, fostering innovation and addressing ethical concerns are imperative.
Current strategies to enhance explainability and interpretability encompass Explainable
AI (XAI), interpretable machine learning, visualization techniques, natural language
explanations, and human-in-the-loop approaches. As Al continues to advance, the evolu-
tion of strategies to tackle these challenges will continue to shape the future of AI-powered
communication [62].

The efficient processing of feedback appears as a crucial obstacle for future progress in
the field of Al-driven communication. Al systems when required to continuously learn
and improve, user feedback must be understood and interpreted appropriately. Users must
receive feedback quickly in order to learn from mistakes and improve their communica-
tion abilities. Personalized criticism is equally important since it allows for efficient prog-
ress by adapting advice to specific requirements. Scalability is crucial because Al systems
need to effectively handle massive amounts of feedback for continuous improvement [63].

Security is still of utmost importance, protecting user privacy and preventing any unau-
thorized use of feedback data. To avoid bias and discrimination in feedback, it’s critical to
uphold ethical standards. These difficulties span the development of Al in communication,
highlighting the demand for prompt action to enable AI systems for iterative learning and
development. At the moment, Al is being used to improve feedback and learning using
machine learning, natural language processing, reinforcement learning, and active learn-
ing approaches. Privacy-preserving safeguards are being incorporated to assure user data
safety. Innovative solutions will continue to influence how these difficulties are faced and
overcome as Al develops [64].

4.3.3 Specialized Communication

In the rapidly evolving landscape of Al-driven communication, specialized domains
introduce a host of unique challenges that demand careful consideration for the future of
technological advancements in this field. One of the primary hurdles is the acquisition of
domain-specific data, which is often characterized by its scarcity and the exorbitant costs
associated with its collection, especially in the case of rare or niche subjects. The develop-
ment of complex specialized communication models further compounds these challenges,
as they necessitate substantial data and computational resources for effective training,
potentially introducing complexities in both their development and deployment [64].
Furthermore, the problem of model interpretability still warrants serious consideration
since complex models can conceal the decision-making procedures behind their results,
undermining user confidence and comprehension. Another crucial factor is the rising
threat of bias in Al models. Such algorithms may unintentionally reinforce biases found in
their training data, raising concerns about communication fairness and equity [65].
Another significant problem is security weaknesses. AI-driven communication is vul-
nerable to assaults because of these flaws, which seriously jeopardize both user privacy
and the integrity of the communication model. The creation and application of specialized
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communication models must be carefully thought out in light of ethical issues, which also
play a crucial role [66,67]. This includes addressing the potential for misuse and discrimi-
nation, which could have far-reaching societal implications. Current efforts are actively
addressing these multifaceted challenges. Researchers are working on more efficient data
collection techniques, striving to enhance model interpretability, and implementing bias
mitigation strategies [68]. Additionally, security measures are being fortified to safeguard
both the privacy of users and the integrity of Al systems. Ethical guidelines are being
established to ensure responsible and equitable deployment.

As Al continues to evolve, it is anticipated that innovative solutions will emerge, reshap-
ing the landscape of specialized communication. These solutions will not only tackle the
complexities outlined above but also enable complexity, meta-communication stands
essential, demanding AI’s finesse in deciphering context and intentions. Privacy-preserving
techniques ensure data security, while collaborative communication relies on AI’s orches-
tration of tasks and conflict resolution.

Currently, AI showcases its potential in virtual reality experiences, art generation, and
enhanced understanding of human dialogues. Yet, the true crescendo lies ahead. As Al
evolves, it’s set to redefine communication, harmonizing technology and human creativity
to unlock experiential, generative, meta, secure, and collaborative communication. This
impending revolution promises to reshape how we connect, transcending the boundaries
of imagination [69,70].

4.3.4 Comprehensive Communication

In envisioning the future of AI in communication, a dynamic landscape unfolds, char-
acterized by the convergence of multi-modal communication, semantic understanding,
and interactive visualization. This amalgamation presents a profound shift in how humans
and machines engage. The cornerstone of this development is multi-modal communica-
tion, in which AI not only understands spoken and written words but also gestures, facial
expressions, and even emotional clues, enabling a richer and more complex relationship
[71]. AI can now grasp context, decode meaning, and promote cogent conversations across
languages and cultures thanks to the synergy of semantic understanding, breaking down
barriers to communication. Importantly, interactive visualization provides a visual layer to
communication, allowing complicated facts and ideas to be presented through interesting
images, improving comprehension and engagement. This integrated paradigm ushers in a
revolutionary era when Al-driven communication breaks through conventional barriers
to produce a rich, natural, and profoundly human relationship that enhances the funda-
mental nature of communication itself [72,73].

A future in which Al-powered communication systems are characterized by ethical
responsibility, security, and user trust.

4.3.5 Advanced Communication

As we peer into the future of Al-driven communication, a landscape of challenges and
opportunities emerges, particularly in advanced communication domains. Experiential
communication beckons, where AI must seamlessly weave immersive realities through
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virtual and augmented technologies. Generative communication is poised for transforma-
tion as Al becomes a creative muse, giving birth to novel artistic expressions [69,70].

This hierarchy classifies the many forms of AI communication according to their core
characteristics, niche uses, and cutting-edge capabilities. Remember that these classifica-
tions are not absolute and that there may be some overlap. New forms of communication
might also develop as Al technology advances, significantly enhancing how it interacts
with people, other Al systems, and the environment.

4.4 DISCUSSION

The study under consideration examines the evolving field of Al-powered commu-
nication, highlighting both its problems and opportunities. In order to enable genuine
human-machine interactions, it emphasizes the significance of naturalness, empathy,
creativity, privacy, security, and responsibility in AI systems. While acknowledging the
importance of these characteristics, the study falls short in offering a thorough examina-
tion of the technical difficulties at play. Additionally, it emphasizes the difficulties associ-
ated with machine-to-machine communication, with particular emphasis on data privacy;,
interpretability, and bias avoidance, but it might benefit from providing more specific
solutions and examples from actual applications. The study emphasizes the necessity for
explainability and interpretability in AI systems, although it might go further into the
state of research and development at this time. Additionally, it recognizes the difficulty of
efficiently managing user comments, but it lacks specific details on workable solutions. The
study focuses on data gathering and bias concerns when considering specialized commu-
nication, but it might include more vivid case cases. Providing examples from the actual
world and taking into account potential limits might be helpful when presenting advanced
communication and complete communication paradigms. However, the article offers a
useful starting point for additional investigation and debate in this developing area of
Al-powered communication.

4.5 CONCLUSION

AT’s incorporation into communication has developed from a purely theoretical idea to an
irrefutable reality that is changing the way we connect. This revolutionary change opens
up a wide range of potential outcomes, from the enhancement of customization and the
removal of language barriers to the facilitation of remote cooperation and the foresight of
forthcoming communication trends. This vast potential of AI calls for a careful exami-
nation of its ethical implications since it promises to take communication to previously
unimaginable heights. We begin on a journey that takes communication to new heights,
enabling connection and creativity that were previously restricted to the realms of fantasy
by embracing AI's power for transformation while preserving ethical issues. In conclusion,
understanding how AI may change communication is still in its infancy. We can change
accessibility and efficiency, enhance personalization, and use predictive insights by utiliz-
ing ATD’s capabilities. However, just like with the introduction of any innovative technology;,
it is crucial to be aware of the dangers and difficulties that come with integrating AI. We
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may work together to steer toward a future in which Al-driven communication serves as a
testimony to both efficacy and ethics by deliberately addressing these concerns.

These are only a few of the issues that must be resolved as AI advances and permeates
more aspects of our daily life. To maximize the advantages of this technology while lower-
ing the hazards, it is crucial to take a careful and moral approach to its development and
usage in communication.
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5.1 INTRODUCTION

The fusion of data science and the Internet of Things (IoT) has heralded a new age of tech-
nical innovation and intelligent decision-making [1]. The IoT is a networked system of
different computing devices and digital machineries that digitalize the physical world.
IoT has already had an impact on people’s lives in areas such as housing, transportation,
health, food, clothes, and remote controlling. Numerous home applications can be moni-
tored by mobile and voice commands. Various programs help users advance their life stan-
dard and even make it easier for the old and crippled to live. According to MGI’s report,
IoT will generate an output of $3.9-11.1 trillion in nine different surroundings, including
retail, workshops, and towns, beginning in 2025, and the sum of IoT devices is projected to
increase to 754 100 million, which is correspondent to adding 127 devices/sec beginning in
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2020 [2]. The following three phases summarize the operation of IoT systems: the position-
ing of sensors for data collection, the adaptation of collected data into valuable information
that can be stowed and retrieved, and the alteration of data to domain knowledge that will
be used by the IoT controller for user or system responses. If all tasks comprising the three
stages of IoT operations can be automated, an IoT system becomes intelligent [3-5].

Data science is a versatile method of identifying, mining, and giving visions from data
through data collecting, data storage and access, data examination, and data communica-
tion approaches [6]. Data science is capable of being descriptive, diagnostic, predictive, and
prescriptive. It means that administrators can utilize data science to govern what occurred,
why it occurred, what transpired, and what they should do given projected consequences.
Because the automation of an intelligent IoT system necessitates all data science duties,
data science will be the best candidate technology able to address the difficulties that intel-
ligent IoT systems confront [7]. The first major issue for intelligent IoT is how to gather data
for IoT application features, as well as how to design sensor placement and connectivity
through communication systems or networks. The next stage is to figure out how to use
machine learning or artificial intelligence (AI) algorithms [8] to examine and understand
the obtained intelligent IoT data. Lastly, it is critical to properly interconnect analytical
results with the users of intelligent IoT strategies or devices.

We believe that the succeeding types of challenges should advantage from data sci-
ence-related skills in the development of upcoming intelligent IoT schemes. The first issue
is determining how to cope with the intelligent IoT data. The sum of data generated in
each application unit of the intelligent IoT system is at least on the terabyte (TB) scale.
Because the processing and communication capabilities of intelligent IoT devices are rela-
tively restricted, collecting, exchanging, storing, and accessing such a massive volume of
data at an intelligent IoT device is an extremely difficult operation [9-11]. Deep learning
is a game-changing technology in machine learning and AI [12]. The applications of deep
learning on IoT devices are frequently required to operate in real time. For instance, secu-
rity camera-based object-recognition jobs often need a discovery dormancy of less than
400 ms to collect and reply to target events in a quick response time, such as aberrant tar-
gets (recognized by deep learning technology) coming within a building.

The existing IoT devices frequently offload intelligent computing to the cloud platform.
But, constant and dependable wireless communication associations, which are only acces-
sible in a few areas and at a high charge, represent one of the key challenges for these intel-
ligent IoT devices to meet real-time needs. As a result, the second class of intelligent IoT
difficulties is the lack of powerful machine learning and AI algorithms capable of carrying
out data analysis with input data influenced by unstable communication lines [13,14]. But,
providing machine learning and AT abilities on the intelligent IoT device side is a difficult
task. Intelligent IoT devices have modest memory sizes, have minimal power consump-
tion, and are distributed. The third group of difficulties is to create new machine learning
and Al algorithms that can be distributedly applied to IoT devices with limited memory
and power [15,16]. Finally, for any new technology, the trust, security, and privacy of intel-
ligent IoT operators are constantly top priorities. With such many intelligent IoT devices,
it is difficult to apply data science to improve trust management, access control systems,
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and safe data sharing while keeping privacy in mind across intelligent IoT schemes. The
taxonomy of this chapter is illustrated in Figure 5.1.

The rest of this chapter is ordered as follows: Section 5.2 presents the basics of data sci-
ence and [oT, while Section 5.3 presents data collection and integration in IoT. Section 5.4
describes data analysis and machine learning in IoT, whereas Section 5.5 explains real-time
data processing and edge computing. Furthermore, Section 5.6 focuses on security and
privacy enhancement in IoT with data science, and Section 5.7 presents case studies and
applications. Finally, this chapter concludes in Section 5.8.

5.2 DATA SCIENCE AND loT BASICS

The most basic definition of data science is basically the study of procedures/events that
help in the extraction of value from existing data [17]. In the context of IoT, data denote the
information generated by devices, sensors, applications, and smart devices. At the same
time, value infers predicting future patterns and outcomes based on such existing data.
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5.2.1 Understanding Data Science

Data science is a multidisciplinary field that integrates statistical analysis, machine learn-
ing, data visualization, and domain knowledge to derive meaningful insights from data
[18,19]. This section digs into the fundamental principles of data science and their impor-
tance in generating data-driven decisions.

Data science combines statistics and math, advanced analytics, specialized program-
ming, AI, machine learning, and subject matter knowledge to reveal important visions
unseen in an institution’s data [20]. These revelations can be utilized to direct decisions
and deliberated arrangements. Data science is one of the fastest-growing topics in every
organization due to the growing size of data sources and data. Consequently, it is no aston-
ishment that [21] declared the position of data scientist to be the “stimulating occupation
of the twenty-first century.” Administrations are progressively relying on them to com-
prehend data and deliver relevant endorsements to advance business upshots. The data
science lifespan encompasses numerous tools, roles, and procedures that enable experts to
generate illegal visions. A data science project involves the following processes frequently:

5.2.1.1 Data Ingestion

Data collection phase of the lifespan begins with the collection of raw structured and
unstructured data from all related sources utilizing several approaches. These approaches
comprise physical entry, scraping websites, and real-time flooding data from systems and
devices. Customer data, for example, can be coupled with unstructured data such as log
files, video, audio, pictures, IoT, social media, and other sources.

5.2.1.2 Data Storage and Processing

Because data can come in a variety of formats and structures, businesses must utilize
diverse storage solutions based on the sort of data that desires to be taken. The data super-
vision squads help to develop data storage and organization standards, which facilitates
processes involving machine learning, analytics, and deep learning models [22-24].

5.2.1.3 Data Analysis

Data scientists do investigative data analysis in this case to look for trends, biases, ranges,
and value distributions in the data. This data analytics research leads the formulation of
hypotheses for a/b testing. It also permits specialists to identify the data’s significance for
use in analytical analytics, machine learning, and deep learning modeling efforts.

5.2.1.4 Communication

Finally, insights are supplied in the form of information and other data visualizations to
assist business experts and other decision-makers in understanding the insights and their
impact on the firm. Data scientists can generate visuals using a data science programming
language such as R or Python, or they can use specialized visualization tools.
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5.2.2 Introduction to loT

IoT connects a wide range of devices, sensors, and actuators to the internet, allowing them
to gather, transmit, and share data on their own [25]. This section gives an overview of
the IoT ecosystem, its uses, and the disruptive potential it possesses. IoT is basically the
networking of physical goods with electronics incorporated into its architecture that allow
them to interconnect and sense connections with each other or with the external world
[26,27]. In the next years, the technology of IoT will deliver enhanced degrees of services
and will practically change how people live their daily lives. Power, medicine, gene reha-
bilitations, smart cities, agriculture, and smart hometowns are just a few of the many fields
where IoT has a robust occurrence. An overview of IoT and sub-categories is shown in
Figure 5.2. IoT is a network of networked computation devices implanted in ordinary
objects that can direct and receive data. More than 9 billion “Things” are currently linked
to Internet [28]. This quantity is likely to quickly increase to a staggering 20 billion. The
primary ones are as follows:

5.2.2.1 Low-Power Embedded Systems
Less battery ingesting and higher presentation are two reverse criteria that influence elec-
trical system design.

5.2.2.2 Sensors Are Very Essential Components in loT Applications
It is a physical device that detects and measures physical quantities and turns them into
signals that another device may process or control.
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FIGURE 5.2 An overview of IoT and sub-categories.
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5.3 DATA COLLECTION AND INTEGRATION IN loT

Data collection and integration are crucial elements of the IoT ecosystem. IoT devices pro-

duce enormous amounts of data from multiple sources; therefore, gathering, filtering, and
integrating these data are essential if one is to gain valuable insights and make informed
decisions [29]. We will examine the key elements of data collection and integration in IoT
in this part.

5.3.1 Sensor Networks and Data Acquisition

IoT devices employ sensors to gather information from the real world. We examine several
sensor kinds, their uses, and the problems related to gathering sensor data. In order to cap-
ture actual data from the environment, sensor networks are essential parts of the IoT eco-
system [27,30]. These networks are made up of physically connected objects that contain a
variety of sensors that gather information on things like temperature, humidity, motion,
light, sound, and other things. Data from these sensors are essential for comprehending
and keeping track of the physical world, and they also form the basis for data-driven deci-
sion-making in IoT applications. IoT devices can independently collect and distribute data
across sensor networks, providing valuable information in a range of industries, including
manufacturing automation, smart cities, health care, and agriculture. For the IoT to fully
realize its promise, revolutionize industries, and enhance our comprehension of the world
around us, efficient data collection from sensor networks is essential.

5.3.2 Data Integration and Fusion

IoT devices can produce a wide variety of heterogeneous data. In order to create a com-
prehensive understanding, the approaches and techniques for integrating and fusing data
from multiple sources are covered in this section. Data integration in the IoT requires
combining data from various sources, devices, and networks to create a thorough and
cohesive view. This connection enables extensive analytics and offers a complete view
of the IoT ecosystem. In order to improve accuracy and dependability, data fusion tech-
niques combine data from numerous sensors, creating a more complete picture of the
physical world [31].

5.4 DATA ANALYSIS AND MACHINE LEARNING IN loT

Data analysis and machine learning are essential elements of the IoT environment because
they help businesses make intellect of the massive amount of data that IoT devices gen-
erate and utilize that data to influence their decisions. Patterns and trends in IoT data
can be found using data analysis methods like exploratory data analysis (EDA) and data

visualization. Then, using machine learning algorithms, future outcomes are modeled and
predicted, enabling predictive maintenance, anomaly detection, and IoT system optimiza-
tion [32,33]. Combining data analysis and machine learning reveals the right potential of
the IoT, turning data into useable intelligence and nurturing invention across commerce,
whether it be for resource optimization in smart grids, equipment failure prediction in
industrial settings, or personalizing user experiences in IoT applications.
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5.4.1 Exploratory Data Analysis (EDA) for loT

EDA is necessary to comprehend IoT data patterns, trends, and linkages. The significance
of EDA and its function in obtaining important insights are highlighted in this section.
Realizing the full value of IoT data requires EDA [34]. The IoT ecosystem generates enor-
mous amounts of data, making it crucial to gain insights and understand the underlying
patterns and connections. EDA is the process of visually and quantitatively analyzing data
to uncover trends, anomalies, and patterns that can be used to drive later data analysis
and decision-making processes. EDA provides a comprehensive perspective of the data
through data visualization techniques like as scatter plots, histograms, and heatmaps,
allowing data scientists and domain experts to spot useful patterns, correlations, and
potential issues. EDA improves understanding of IoT data by revealing hidden insights
and anomalies, paving the way for data-driven optimizations, predictive modeling, and
informed decision-making in a variety of IoT applications and industries.

5.4.2 Predictive Analytics and loT

Predictive analytics uses previous data to generate educated predictions about future IoT
events. We investigate the various machine learning methods utilized in IoT predictive
modeling. Predictive analytics and IoT constitute a potent mix that transforms how busi-
nesses function and make choices [35]. Predictive analytics in the context of the IoT uses
historical data acquired from IoT devices to estimate future trends, behavior, and occur-
rences. Predictive analytics can find patterns and connections in data by using powerful
machine learning algorithms, allowing firms to make accurate forecasts, manage difficul-
ties, and capitalize on opportunities. Predictive analytics, for example, can predict equip-
ment breakdowns in industrial settings, allowing for prompt repair to minimize costly
downtime. In healthcare, it can predict patient readmissions, allowing physicians to deliver
more individualized care and minimize hospitalization rates [36]. Overall, predictive ana-
lytics in IoT optimizes resource allocation, improves efficiency, and enables data-driven
strategies across multiple industries.

Predictive analytics and IoT integration not only improve operational efficiency but also
provide more proactive and tailored experiences for end users. Predictive analytics may
anticipate user preferences, alter settings, and anticipate user demands in consumer IoT
applications such as smart homes and wearable devices, resulting in smooth and personal-
ized experiences. Smart home systems driven by IoT, for example, can learn user behavior
and automatically alter temperature, lighting, and other preferences. Predictive analyt-
ics-enabled wearable devices can analyze health data to deliver timely alerts and person-
alized health suggestions [37]. Predictive analytics has the potential to alter industries
and everyday life as it evolves alongside the expansion of IoT, turning data into actionable
insights and making systems smarter, more efficient, and user-centric.

5.4.3 Prescriptive Analytics and Decision Support

Prescriptive analytics goes beyond predictive modeling by offering actionable recom-
mendations and decision support for IoT systems. By offering actionable recommenda-
tions and insights, predictive analytics and decision support systems play a critical role in



80 m Future Communication Systems Using Al, loT and Data Science

maximizing the value of IoT data. Prescriptive analytics extends predictive analytics by
not only forecasting future results but also recommending the optimal course of action
to attain desired outcomes. Prescriptive analytics in the context of IoT systems leverages
historical and real-time data to optimize decision-making processes. Prescriptive analyt-
ics can determine the most effective actions to take in response to changing situations,
probable abnormalities, or specified goals by utilizing advanced algorithms and machine
learning models. Prescriptive analytics, for example, might prescribe maintenance activi-
ties in industrial IoT applications to decrease downtime and increase the lifespan of equip-
ment, thereby enhancing operational efficiency and lowering costs. Prescriptive analytics
in healthcare can provide individualized treatment strategies for patients based on their
medical history and real-time health data [38]. Prescriptive analytics guarantees that
IoT systems function at top performance by providing decision-makers with actionable
insights. This results in increased efficiency, productivity, and improved user experiences.

5.5 REAL-TIME DATA PROCESSING AND EDGE COMPUTING

We live in an increasingly digitized and linked world that resembles the future we imagined

as children. It is the IoT, a network of physical items that interconnect with one another
and data exchange through the Internet using sensors and APIs. Its growth is inevitable,
and by 2025, it is anticipated that there will be more than 30 billion IoT networks world-
wide, representing an average of nearly four IoT devices per person.

Because of this surge, the amount of data that must be processed and managed is expand-
ing. Traditionally, these networked objects gather data and deliver it to big data centers for
processing. However, transmitting the data to the data center for processing takes time
that we do not always have, which is an issue in certain use cases where fast reactions are
required and every millisecond counts, such as in autonomous driving. To boost agility
and efficiency, the edge computing paradigm comes into play [39].

The marine industry, like the remainder of the industrial world, is always growing and
looking for new opportunities. Automation, robotics, Al, machine learning, and the digital
realm, in general, have changed the game - and the way businesses operate. Smarter ships,
automated operations, preventative repair, improved security, and improved supply chain
visibility are all prerequisites for meeting the ever-increasing demands for profitability,
efficacy, and cost-efficiency, and many of these major developments are direct results of the
Industrial IoT (IIoT)’s introduction around the turn of the millennium.

Edge computing technology has several benefits, including reduced latency, higher
performance, and increased reliability. It does, however, provide several issues, includ-
ing security and the administration of remote computing resources. Before implement-
ing edge computing technology, businesses should thoroughly examine their needs. Edge
computing technology, with its capacity to provide real-time processing and data analysis,
is composed to play a big role in the future of computing.

5.5.1 Real-Time Data Processing in loT

In IoT situations, real-time insights are frequently required for quick decision-making.
We talk about real-time data processing algorithms and their importance in dealing with
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streaming data from IoT devices [40]. As IoT use grows, organizations across all indus-
tries fight to keep up with the huge datasets that are increasing at an exponential rate.
IoT devices and sensors, for instance, may collect gigabytes of data in minutes and that is
before you factor in data from CRM, financial reports, social media stations, etc.

Simultaneously, AI, machine learning, and big data analytics are advancing at break-
neck speed. Organizations can swiftly extract important evidence from these enormous,
diverse data sets and adapt to real-time situations by considering AI for IoT data man-
agement and analytics. These technologies, when combined, are enabling game-changing
advancements. For example, the intrinsic properties of big data are ideal for rapidly train-
ing AT and machine learning systems.

Following that, in real-time, intelligent software can be considered to organize opera-
tions, predict equipment failures, and identify security risks. In fully autonomous systems,
AT takes control while being directed by a network of interconnected IoT devices.

5.5.2 Real-Time Visions Be Contingent on Influential Computing

Today utmost of the IoT solutions are intended to connect disparate devices inside a
network as well as integrate and understand data streams from disparate sources. Such
platforms handle numerous challenges posed by IoT, such as security, storing, and interop-
erability, and they can interact with data analytics tools to give substantial business
understanding. However, because utmost data analytics resolutions are built on a cloud
computing construction known as Platform as a Service (PaaS), real-time data processing
is not imaginable.

Rendering to a fresh report, utilizing cloud-based schemes to handle IoT data has severe
restrictions, such as security threats, expectancy, and wasted occasions to act on critical,
real-time understandings. Although IoT data streams collect events in real time, process-
ing them entails moving them to the cloud for offline processing and investigation, which
can then be examined later. You are also operating in a scheme where you are transferring
data to a remote place at a rate that may surpass network bandwidth, squandering storage
space and computer resources on meaningless insights.

While only 29% of active companies had edge computing in their analytics strategy, 69%
decided that arranging edge computing for IoT data processing will help them attain their
key corporate goalmouths. But, it is vital to emphasize that edge computing unaccompa-
nied will not provide real-time data analytics. 5G and Wi-Fi6, IoT platforms, i.e., AWS and
Kaa, analytics utensils like Kinesis, Katka, Spark, Cassandra, Storm, event-driven architec-
tures, and Big Table are all convergent to permit real-time data analytics.

5.5.3 loT and Big Data Analytics Convergence

Al-driven, IoT, and big data analytics convergence opens a wide range of novel open-
ings for businesses to build more modest commercial replicas. Rendering to Forrester’s
2020 Estimates, enterprise policy will play a bigger role in fostering digital transforma-
tion. Research reveals that attention in big data has decreased recently, but advances in
AT and machine learning are reviving it by offering new approaches to data analysis and
usage [41-44]. IoT adoption is simultaneously being fueled by cheaper software, hardware,
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and sensors as well as expanding values and best practices. As a result, there are increas-
ingly more interconnected “Things” gathering nonstop data streams and metrics to assess
machine performance, environmental circumstances, and other variables.

5.5.4 Big Data Analytics Role in loT

Big data and the IoT are two discrete perceptions, yet they are fetching progressively
entwined. You have a vast network of sensors in an IoT environment that collect an extraor-
dinary quantity of data from multiple sources and feed it into the larger big data environ-
ment [45]. The amount of data that one of these devices may collect is demonstrated by the
following example: Wearable technology called the Oura Ring monitors physical activity,
temperature, and sleep. Data are gathered by the device 250 times per second. To put this
into perspective, Madison Square Garden would be full in less than 7hours if one cubic
foot of water were to be pumped into it every minute. This information may include, among
other things, insights about client usage, sentiment analysis, sales analytics, and behavioral
patterns. Big data and IoT work together to deliver contextual visions that can be used to
enhance goods, services, and procedures, which will lead to higher sales.

Amorphous IoT data, such as pedestrian activity in gardens, weather forms, or patient
well-being, can be combined with other data sources using big data analytics tools to create
an inclusive picture of the issue. The data may then be transformed by platforms into use-
ful visions that businesses may utilize to enhance their processes. This implies that social
media and consumer behavior insights may be combined with ecological data from sen-
sors, security footage, and geolocation data to build a more complete image of your target
audience, carrying them to life in ways that advertising analytics cannot.

5.5.5 Impact of loT and Big Data on One Another

IoT is gradually boosting value generation in both the public and commercial sectors by
improving information flow between people, processes, and the network of interconnected
objects, rendering to Carrie MacGillivray, IDC Group V. Leader of IoT, 5G, and Mobility.
A data lake is a centralized repository where rare data from sensors and other IoT appli-
cations is kept after being created. IoT data, structured data from sources like operation
records and consumer profiles, and shapeless data from bases like emails, social media,
and logs are all included in these data lakes [46,47].

Reports and visualizations based on the insights drawn from all the data sets added to
the data lake can subsequently be produced by big data analytical tools. As a result, this
offers a thorough picture of how outside features like market alterations, trends, and envi-
ronmental factors affect what occurs within a corporation.

5.5.6 Originating Value from loT Data

Big data and IoT are no longer just gimmicks for hypothetical use cases in the future; they
are increasingly establishing themselves as essential instruments for maintaining modesty
now. By combining IoT data with already-used commercial tools and external data sets to
offer context, they enable enterprises to derive value from IoT systems. The info acquired
can subsequently be applied to improve services, amenities, and customer procedures. To
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make the most of their reserves, businesses must make sure that they have the structure in
place to conduct real-time dispensation at gage.

5.5.7 Edge Computing for Intelligent loT

Edge computing brings computation closer to the data source, dropping latency and enhanc-
ing efficiency. In a recent paradigm shift for growing cloud infrastructure, edge or fog com-
puting, cloud computing processing nodes are moved to the periphery of the radio access
network for cost-effectiveness and low latency. Additionally, by utilizing computational
node resources, edge or fog computing enables intelligent IoT devices and applications to
improve quality of experience (QoE), energy productivity, quality of service (QoS), system
scalability, reduce transport network loads and circulation, and analyze collected data with
low latency [48,49]. Still, there are several issues that must be resolved before edge or fog
computing architecture can be fully considered for IIoT applications. These issues include
cutting-edge and efficient mobility management systems, smart homes, hospitals, cities,
smart cars or unmanned vehicles, active optimization architecture for handling computing
and storage resources, intelligent network managing services, privacy, or security issues,
balancing the load amoeba, and intel Collaboration between edge/fog computing and cloud
computing needs to be investigated more in order to deliver scalable services.

Edge computing, as defined, is a computing model that offers actionable intelligence
and insights as near to the point of implementation of IoT as possible, maximizing the
projected value propositions of such installations. The reason for this reinterpretation is
self-evident: The ability of edge computing to generate value is crucial.

5.5.8 Value Drivers

It is critical to understand the reasoning for such a redefinition that emphasizes value
proposition. There are numerous drivers for any IoT product or service. Drivers, as seen in
Figure 5.1, can be broadly defined as business, technology, device, or data drivers. All driv-
ers want to make rapid, informed, and actionable judgments. Business drivers, also known
as functional or operational drivers, are important to any IoT project’s success. Businesses
seek to reap benefits from IoT-driven intelligent decisions such as increased productivity,
more revenue, improved client satisfaction through novel goods and services, and, most
significantly, lives saved. Technological drivers supplement commercial drivers.

5.5.9 Challenges

Edge computing is fundamentally an extension of cloud computing, with the caveat that,
due to the inherent mobility requirements of IoT, it is more fragmented and scattered than
normal cloud computing. The degree of distribution near IoT locations differs significantly
from that on the back-end server. While edge computing, by definition, tries to be as close
to IoT devices as possible, businesses continue to utilize edge computing in the same way
that they do cloud computing for the following important reasons:

a. The security of edge computing solutions and procedures is still growing, and it is
evident that edge devices can be simple targets for hackers.



84 m Future Communication Systems Using Al, loT and Data Science

b. Architecture patterns for edge computing are still emerging. Even though the perfor-
mance and latency requirements for edge computing differ, data generated by edge
devices are still saved in cloud storage systems that are centrally managed.

c. In the traditional cloud computing environment, the memory-intensive,
CPU-intensive, and low-latency disk resources required for performing complicated
machine learning and deep data processing models are more voluntarily available
than at the edge [50-52].

d. Other cloud-based technology abilities and services, such as serverless and succeeded
container services, are significantly more mature and cooler to acquire.

As a result of these considerations, data insights and intelligence that drive meaning-
ful IoT decisions must rely on centralized high-performance cloud computing. Cloud
computing adds network and processor latency, which is unacceptable in time-critical,
sense-and-respond IoT solutions.

5.6 SECURITY AND PRIVACY ENHANCEMENT IN loT
WITH DATA SCIENCE

Enhancing IoT security and privacy with data science is becoming increasingly impor-

tant as the IoT expands in scope and impact [53]. Data science techniques are critical in
strengthening the security of IoT devices and networks while also protecting user privacy.
Data science, using the huge amounts of data created by IoT devices, enables the detection
of potential security breaches and suspicious behaviors using advanced anomaly detection
algorithms. Data science can detect suspicious behaviors such as cyberattacks or illegal
access to IoT systems by studying data patterns and user behavior. Furthermore, data sci-
ence allows for the use of encryption and cryptography techniques to secure data transit
and storage, ensuring that sensitive information is kept private and confidential.

Furthermore, data science addresses privacy issues in the IoT context. Data scientists
may derive important insights from IoT data while protecting individual user privacy by
using privacy-preserving data analysis approaches. Data science can secure users’ identity
while still allowing relevant analysis by anonymizing and aggregating data. Furthermore,
data science is critical in establishing and implementing access control methods that allow
only authorized individuals to access specific data, lowering the risk of data breaches. The
combination of data science and IoT security and privacy controls ensures that IoT systems
are resilient to possible threats and user data is secure, increasing trust and confidence in
IoT technology. Data science for IoT and sub-categories is illustrated in Figure 5.3.

5.6.1 loT Security Challenges and Threats

Because of the networked landscape of IoT devices, security challenges are unique. We
investigate potential dangers and vulnerabilities in IoT systems, as well as how data sci-
ence might assist in mitigating them. IoT devices, as previously noted, were not established
with security in attention [54]. Consequently, there are various IoT security problems that
can result in disastrous results. In contrast to other technology solutions, IoT security is
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governed by a few rules and conventions. In addition, most customers are uninformed of
the integral dangers of IoT devices [55]. Also, they do not have an idea of how thoughtful
the IoT security issues are. Among the many worries about IoT security are listed below:

+ Deficiency of Visibility: The operators regularly install IoT devices without the
information of IT sectors, creating a precise record of what desires to be protected
and observed impracticable.

« Incomplete Security Combination: Mixing IoT devices into security systems is
problematic to unbearable due to their variety and scale.

+ Open-source Code Susceptibilities: Firmware for IoT devices regularly incorporates
open-source software that is disposed to faults and susceptibilities [56].

 Devastating Data Volume: Due to the data volume shaped by IoT devices, data man-
agement, management, and defense are challenging.

o Deprived Testing: Because utmost IoT designers do not list security, they do not
undergo behavior-effective susceptibility testing to uncover faults in IoT schemes.

 Unpatched Susceptibilities: Numerous IoT devices are unpatched due to various fac-
tors, such as a lack of updates and difficulties retrieving and applying patches.

« Susceptible APIs: APIs are widely utilized as points of entry into command-and-con-
trol (CC) centers, from which SQL injection, man-in-the-middle (MITM), distrib-
uted denial of service (DDoS), and network-breaking assaults are launched.

o Feeble Passwords: IoT devices commonly come with default passwords that numer-
ous users refuse to update, allowing cyber attackers’ easy access. In other cases, users
generate passwords that are easily guessable.
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5.6.2 Addressal of loT Security Challenges

A complete technique is necessary to successfully implement and maintain IoT security.
It must include a wide range of methodologies and utensils, and consider head-to-head
systems, i.e., networks [57]. The following are three important competences for a solid IoT
security solution:

o Learn: Use safety keys that empower network perceptibility to learn about the envi-
ronment and the hazard outlines for every set of IoT devices.

« Protect: Inspect, monitor, and impose IoT security strategies in conjunction with
activity at various locations throughout the structure.

» Segment: In the equivalent way that networks are isolated, IoT schemes can be seg-
mented based on strategy clusters and risk outlines.

5.6.3 Enhance loT Security to Upsurge Benefits

IoT devices are increasingly being used by individuals and organizations. They are not
only here to stay, but are multiplying tremendously in new forms. As a result, complexity
rises, complicating efforts to manage IoT system security successfully. IoT security con-
cerns range from repelling hostile insiders to protecting against nation-state attacks [58].
Because of the inherent susceptibility of IoT devices and the volume of their deployment,
attacks continue to grow and scope. Regardless of IoT security concerns, securing IoT
devices is a worthwhile expenditure. To compete with competing technologies, IoT device
value can only be increased by improving security. It lowers risks while improving returns.

5.6.4 Data Privacy and Ethics in loT

As IoT devices capture large volumes of personal data, privacy and ethical data use become
critical. Data privacy and ethics in the IoT have arisen as major issues in the digital era.
As the IoT spreads, connecting an increasing number of devices and creating massive
amounts of data, the need to protect individuals’ personal information and follow ethi-
cal values becomes critical [59]. While the seamless integration of gadgets and sensors
provides unparalleled ease and efficiency, it also opens the door to potential privacy viola-
tions and sensitive data exploitation. Striking a balance between technical progress and
consumer privacy has become a difficult task. Adherence to strong data protection legisla-
tion and the adoption of robust security measures are critical in ensuring that IoT devices
respect the privacy rights of their users. Furthermore, addressing ethical considerations
such as data consent, transparency, and accountability in the design and deployment of
IoT technologies is critical to establishing user trust and ensuring responsible and ethical
use of the vast sums of data generated by these interconnected devices. As the IoT evolves,
cultivating a culture of data privacy and ethics will be critical to reaching its full potential
while protecting individual freedoms and social well-being.

With the spread of IoT devices all over the world, private info is more reachable than
ever in the connected world. The technology of IoT and 5G are powerful and have the
potential to revolutionize communication, health care, the supply chain, and other parts.
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However, the same technology poses issues for enterprises and governments in terms of
defending sensitive data. Furthermore, perspectives on data privacy differ around the
world. Government bodies frequently issue regulations that outline the requirements for
how data privacy should be handled in a certain location. Compliance with data privacy is
determined by these government regulations. In the energy systems business in the United
States (US), for example, the Federal Energy Regulatory Commission oversees compli-
ance with privacy regulations. Different governing organizations specify what compliance
entails in other locations or businesses in order to guarantee data privacy.

5.7 CASE STUDIES AND APPLICATIONS

Data science and Intelligent IoT have a wide range of submissions in a variety of industries.
Here are some case studies demonstrating their real-world applications:

5.7.1 Smart Healthcare and loT

Investigate how data science is altering healthcare with IoT-enabled medical equipment,
remote patient nursing, and individualized treatments. Data science and the IoT are trans-
forming the healthcare business by offering remote patient monitoring and individual-
ized therapies. Wearable health gadgets, for example, can continuously gather data on a
patient’s activity levels, vigorous signs, and sleep patterns. Data science algorithms are
used to examine these data in order to find anomalies, anticipate health hazards, and pro-
vide prompt medical interventions. This proactive strategy has greatly improved patient
outcomes while also lowering healthcare expenses.

5.7.2 Smart Cities and loT

Learn how data science is advancing smart city development through intelligent infra-
structure, efficient resource management, and data-driven urban planning. Cities all over
the world are implementing IoT-enabled technologies to boost efficiency, sustainability,
and quality of life. Data science is critical in digesting the massive amounts of data pro-
vided by IoT sensors like traffic cameras, weather stations, and waste management systems
[60]. City managers may optimize traffic flow, regulate energy use, and plan urban expan-
sion more intelligently by evaluating these data, resulting in more livable and sustainable
communities.

5.7.3 Agricultural Precision and Efficiency

Precision agriculture employs IoT devices and sensors to monitor weather patterns, soil
situations, and crop well-being. These data are then applied to improve reproduction, irri-
gation, and pest management, resulting in increased crop yields and resource effectiveness.
Intelligent IoT technologies assist farmers in making data-driven decisions, resulting in
more sustainable and productive farming operations.

5.7.4 Predictive Maintenance in Manufacturing

IoT devices embedded in industrial equipment collect data on their performance and
health in real time. These data are analyzed by data science algorithms to predict probable
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breakdowns and maintenance requirements. Manufacturers can eliminate unplanned
downtime, prolong equipment lifespan, and optimize maintenance schedules by employ-
ing predictive maintenance solutions, resulting in significant cost savings and increased
productivity.

5.7.5 Smart Energy Management

Data science and the IoT are revolutionizing energy management by providing real-time
monitoring and control of energy consumption. Smart meters and IoT sensors capture
energy usage data from a variety of sources. Data science algorithms analyze these data to
detect patterns and trends, assisting consumers and utilities in optimizing energy usage,
forecasting peak demand, and implementing demand-response measures, resulting in
decreased energy waste and cheaper costs.

5.7.6 Personalized Marketing and Customer Experience

Retailers and e-commerce platforms collect and analyze customer data from numerous
touchpoints using data science and IoT technology. Businesses can offer individualized
product recommendations, targeted marketing efforts, and enhanced customer experi-
ences by analyzing customer preferences and behaviors, resulting in higher customer sat-
isfaction and increased sales.

These case studies show how data science and Intelligent IoT are transforming indus-
tries, boosting innovation and efficiency, and redefining the way we live, work, and interact
with technology. As these technologies advance, their impact on society and industry is
expected to become even more profound.

5.8 CONCLUSION

The combination of data science with IoT has opened a new world of options and possi-
bilities. This chapter underlines the revolutionary potential of this synergy and the signifi-
cance of responsible and ethical data use in order to create a smarter and more sustainable
future. As technology advances, integrating data science and the IoT is critical for realizing
the full promise of intelligent connection and data-driven decision-making.
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6.1 INTRODUCTION

There is an enormous amount of data processing taking place online. The National
Security Agency claims to process an astounding 1,826 petabytes (PB) of data each day
[1]. Data generation per day surpassed 2.5 quintillion bytes in 2018 [2]. The amount of
created data is expected to double every two years, according to an earlier prediction by
the International Data Corporation (IDC) [3]. It has been observed that 90% of the data
created worldwide occurred in the previous two years, indicating an even quicker growth
rate. Popular platforms such as Google process over 99,000 searches every single second.
This makes more than 8.5 billion searches per day. Big data and data science are rap-
idly expanding fields due to increasing interest and demand. “Data science” has become
increasingly popular as a result of its applicability in a variety of sectors, while “big data”
has gained traction as businesses realize the benefit of processing and analyzing enor-
mous amounts of data to gather knowledge and make wise decisions. Figure 6.1 shows a
comparative graph of data science and big data trends.
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FIGURE 6.1 A comparative graph of data science and big data trends.

To extract meaningful insights from enormous datasets, advanced data analysis tech-
niques are essential for transforming big data into smart data [4]. Smart data provides
organizations and businesses with useful information that improves their ability to make
decisions. Healthcare professionals can be empowered to provide patients with efficient
and cost-effective solutions by evaluating large datasets from programs like Clinical
Decision Systems and Electronic Health Records [5]. Better judgments may be made by
looking at overall patient history patterns as opposed to merely relying on localized or
recent data. The 17 Vs of big data, which are validity, velocity, versatility, volume, veracity,
value, variety, voluntariness, volatility, venue, vagueness, viscosity, variability, visualiza-
tion, vocabulary, virality, and verbosity [6], provide difficulties for traditional data ana-
lytics when dealing with big data analysis. These characteristics might cause traditional
data analytics to lose their efficacy. Advanced data analysis methods are needed to extract
valuable insights from huge and complicated datasets to address these difficulties. Several
artificial intelligence approaches, including deep learning, natural language processing
(NLP), data mining, machine learning (ML), and expert systems, have been developed to
solve the difficulties of large data analytics [7]. For managing enormous amounts of data,
these approaches provide quicker, more accurate, and more exact solutions [8]. These cut-
ting-edge analytical methods’ main goal is to unearth important data, obscure patterns,
and undiscover relationships inside huge datasets. For instance, by carefully examining
past patient data, it is possible to spot potentially harmful illnesses early, which might
result in better treatment strategies or a cure [9]. Additionally, complex business decisions
like entering new markets or launching new goods can be supported by simulations with
increased decision-making capabilities, resulting in better decisions. The broad discipline
of deriving information and insights from data is covered by data science. Big Data refers
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FIGURE 6.2 The relationship between data science, big data, big data analytics, and data analytics.

to huge and complicated datasets, whereas Data Analytics and Big Data Analytics both
include the study of data, with the latter addressing data analysis more generally and the
former concentrating primarily on large-scale datasets shown in Figure 6.2.

Al-powered big data analytics holds tremendous potential; however, it also brings mul-
tiple drawbacks, especially when confronted with uncertainty. There are seven impor-
tant big data Vs—velocity, verbosity, variety, versatility, volume, veracity, and value, all
introduce different types of uncertainty that can affect the quality and reliability of data.
Some types of uncertainty in big data include measurement uncertainty, incompleteness,
and imperfect, or noisy data. The whole analytics process, including data gathering, orga-
nization, and analysis, can be affected by uncertainty. The majority of data mining and
ML approaches face a significant hurdle when handling ambiguous and incomplete data.
Furthermore, biased training data may prevent ML algorithms from producing optimal
results. According to Wang et al. [10], uncertainty considerably influences how well big
data analytics function, highlighting six primary problems. Dealing with the uncertainty
present in large datasets is a different issue, and data mining and ML algorithms frequently
face similar difficulties.

These uncertainties might exacerbate any mistakes or shortfalls in the whole analytics
process when grown up to the big data level. Because uncertainty may greatly affect the
accuracy of an automated technique’s output, minimizing uncertainty in big data analytics
becomes a primary concern for all automated techniques. Uncertainty management must
be done well for big data analytics to produce trustworthy and valuable insights.

Our review of the literature revealed that limited study to understand how uncertainty
influences the fusion of big data and applied analytics methodologies. This chapter pro-
vides a summary of current AI methods in the context of big data analytics, including
NLP, Computational Intelligence (CI), and ML, to fill this gap [11]. A particular emphasis is
placed on the issues posed by uncertainty. The report also suggests future fields of inquiry
for this type of study.
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This chapter has the following contributions:

« We investigate how different variables affect the crucial Vs of big data features in data
science and big data analytics.

» We examine how each of the different big data analytics methods is impacted by
uncertainty.

» We go over many approaches that may be used to successfully address the problems
that uncertainty presents.

6.2 BIG DATA

Big data was recognized as a critical component for productivity, innovation, and compe-
tition in May 2011 [12]. In 2018, over 3.7 billion people used the Internet, representing an
increase of 7.5% from 2016 [2]. At its peak in 2010, more than 1 zettabyte (ZB) of data was
produced, and this number increased to 7 ZB by 2014 [13]. Velocity, volume, and variety
were the three criteria used to describe big data at its inception in 2001 [14]. In 2011, IDC
expanded the definition of big data by adding a fourth criterion, value [15]. Veracity was
introduced as the fifth big data attribute in 2012 [16]. Although several more traits are iden-
tified by various Vs, this chapter focuses on the seven most prevalent traits, as indicated in
Figure 6.3.

6.2.1 Big Data Characteristics

6.2.1.1 Volume

Volume refers to the extensive amount of data that is continuously generated, relating to
the magnitude and extent of the information collected. It is difficult to establish a consis-
tent standard for what constitutes a “big dataset” since it relies on several factors, including

7Vv’s of

Big data

Verbosity Versatility

FIGURE 6.3 The seven most common properties of big data.
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the type of data being analyzed and the time period. Big data is now typically categorized
as datasets in the Exabyte (EB) or Zettabyte (ZB) categories [8]. However, smaller datasets
still provide difficulties. For instance, Walmart gathers 2.5 petabytes (PB) of data per hour
[17] from more than a million consumers, which might lead to scalability and uncertainty
problems. Managing exceedingly large datasets can be a challenge for database tools.
Moreover, many current data analysis methodologies are not tailored for handling massive
databases and may prove inadequate when processing and comprehending information at
such vast scales [8,18].

6.2.1.2 Variety

The term “variety” is used to describe the many types of data that can be encountered
within a big data dataset, including unstructured, semi-structured, and structured infor-
mation. Structured data, similar to the information stored in relational databases, are well
organized and easy to categorize. In contrast, unstructured data, such as text and multi-
media content, lack a predefined format and are difficult to evaluate. Semi-structured data,
often found in NoSQL databases, use tags to distinguish between different data elements
but rely on database users to enforce the structure [19]. Uncertainty arises when dealing
with mixed data types, converting between multiple data formats, or when the underlying
dataset structure changes over time. Traditional big data analytics algorithms face difficul-
ties when handling multi-modal, imperfect, and noisy data from various sources.

It might be difficult to effectively analyze unstructured and semi-structured data
since they originate from many sources and have various forms and representations. In
real-world databases, the analysis process is significantly impacted by inconsistent, short,
and noisy data. Data cleaning, data integration, and data transformation are only a few of
the data preparation approaches used to solve the problems brought on by the diversity
in large data, such as noise and inconsistent data. The goals of data cleaning procedures
are to enhance data quality and reduce data elements. These methods can greatly improve
data analysis performance by eliminating noisy components throughout the analysis pro-
cess. For instance, data cleaning can enhance classification accuracy in ML by identifying
and removing mislabeled training examples, which can assist in discovering and repairing
problems [20].

6.2.1.3 Velocity

The term “velocity” in the context of big data refers to the speed at which data are pro-
cessed. This velocity can be categorized into real-time, streaming, and near-real-time. It is
crucial that the processing speed matches the rate of data generation [8]. Devices connected
to the Internet of Things (IoT) produce sensor data continually [21]. Delays in processing
and delivering these data to relevant parties, especially when it contains critical medical
information, can have severe consequences, such as patient harm or even loss of life, as
exemplified by a pacemaker reporting a medical emergency [16]. Similarly, cyber-physical
devices rely on real-time operating systems that adhere to exact timing specifications. As
a result, when data from a big data application are not supplied on time, issues may arise.
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6.2.1.4 Veracity

Veracity relates to the data’s accuracy, which might be unclear or uncertain. For exam-
ple, according to IBM’s estimate, poor data quality costs the US economy approximately
$3.1 trillion a year [22]. The quality of data is often assessed as good, poor, or undefined
due to inconsistencies, noise, ambiguity, or incompleteness. Building accuracy and con-
fidence in big data analytics gets increasingly difficult as data sources and types become
more diverse. For example, data from platforms like Twitter may pose issues because users
sometimes mix their personal opinions with official company information on the same
account. Using methods created for Twitter datasets might result in problems because of
this. Similarly, ambiguity or irregularities in the dataset might impair the accuracy of the
analytics process when evaluating millions of records in the healthcare industry to identify
disease patterns for breakout mitigation [22].

6.2.1.5 Value

In contrast to the preceding Vs, which mostly concentrated on the difficulties presented
by big data, “value” refers to the relevance and utility of data for making informed deci-
sions. Notable businesses that have successfully tapped into the potential of big data
through analytics in their products include Facebook, Google, and Amazon. To provide
users with individualized product suggestions and increase sales and user engagement,
Amazon, for instance, analyzes large user datasets and purchase data. Google improves
location services in Google Maps by using location information provided by Android
users. In a similar vein, Facebook uses user activity to deliver relevant ads and friend
suggestions. These businesses have shown great success by deriving insightful knowl-
edge from sizable raw data collections, which has helped them make wiser business deci-
sions [23].

6.2.1.6 Verbosity

Big data is a massive collection of information from several sources that can be well orga-
nized or poorly structured and contain both accurate and inaccurate information. Bad
data is inaccurate or lacking, and storing it might be dangerous. It is crucial to ensure that
the data we retain are secure, relevant, comprehensive, and reliable to avoid wasting stor-
age space and processing time. Early in the data management process, it’s crucial to employ
appropriate procedures to determine the worthiness of the information, thus conserving
valuable resources. Big data has a trait known as “verbosity,” which refers to the possibil-
ity of repeating or overlapping information from numerous sources, making it difficult to
efficiently manage and analyze.

6.2.1.7 Versatility

Big data is becoming increasingly vital for several enterprises, academics, and govern-
ments. It is used for a variety of things, including urban planning, environment model-
ing, visualization, analysis, environmental security, quality categorization, computational
analysis, comprehending biology, and developing and manufacturing processes. It also
aids in the development of affordable models and the tasteful exploration of outcomes. Big
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data has this ability to be resourceful and adaptable, which is why we call it “versatility,”
which means that it may be used flexibly for many contexts and objectives.

6.3 UNCERTAINTY IN BIG DATA

Uncertainty, in general, describes a circumstance where information is unreliable or uncer-
tain [24]. Every stage of big data learning involves some level of uncertainty [25], and these
uncertainties can come from a variety of sources, such as data collection (such as environ-

mental variations and sampling problems), concept variance (where analytics objectives
may differ), and multimodality (involving complex and noisy patient health records with
numerical, textual, and image data). Due to noise and incompleteness, for instance, many
attribute values relating to the time of large data events may be missing. In social networks,
between 80% and 90% of connections between data points are often absent, and over 90%
of attribute values in patient reports, which are transcriptions of physician diagnoses, may
be missing [26]. According to an IBM study from 2014, by 2015, 80% of the data in the
globe, according to industry analysts, will be suspect.

The accuracy and efficacy of the results might be negatively impacted by a variety of
uncertainties in the field of big data and big data analytics. When training data are utilized
in learning algorithms, it may produce incorrect results if it is incomplete, biased, or the
result of poor sampling. To overcome these challenges, it’s crucial to enhance big data ana-
lytical methods to effectively manage uncertainty. There have been a lot of meta-analysis
studies recently that incorporate uncertainty and data-driven learning. The effectiveness of
learning from big data is substantially impacted by how uncertainty is managed through-
out the whole data analytics process. According to an additional study, big data has two
distinct properties that are not present in small-sized data. These properties include mul-
timodality (which involves multiple data kinds) and altered uncertainty (which involves
uncertainty modeling and measurement for huge data). The size of the dataset is strongly
connected with data processing and data uncertainty. To combat ambiguous or incorrect
information, techniques like fuzzy groups may be used to describe uncertainty in huge
datasets [27]. Big data may also contain hidden linkages, which raises the level of uncer-
tainty and complicates analysis and interpretation.

As a result, assessing uncertainty in huge datasets can be difficult, especially when it’s
possible that the data were biased when they were acquired. There are many different sorts
of uncertainty, and several theories and methods have been created to model them. We
next go over a few typical methods.

The Bayesian theory subjectively interprets probability to explain a rational agent’s con-
fidence levels in ambiguous propositions, which depend on prior knowledge and practical
experience. The belief function theory offers a framework for combining fragmented data
in uncertain settings, while probability theory deals with the statistical properties of input
data, including unpredictability. The classification entropy evaluates the degree of uncer-
tainty between classes and provides a confidence index. While values closest to one suggest
participation in numerous classes, values closer to zero show definite categorization in a
single class. Fuzziness assesses uncertainty in categorical terms, particularly those used in
the human language such as good and bad. To deal with uncertainty in the real world, fuzzy
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Measuring uncertainty in big data

Probability theory Fuzzy set theory

Entropy Rough set theory

FIGURE 6.4 Big data uncertainty measurement.

logic employs an approximation reasoning technique that approximates human thinking.
Fuzzy logic handles uncertainty connected to human perception. Shannon’s entropy mea-
sures the average quantity of data lacking in a random source to quantify the quantity of
information in a variable. Instead of using precise notions to describe concepts, the rough
set theory uses two approximations (upper and lower) to deal with ambiguous, unclear,
or missing information. Rough theory and the fuzzy set deal with hazy or confused data,
whereas Shannon’s entropy model and the theory of probability deal with imperfect, false,
and inaccurate data. For an illustration of these techniques, see Figure 6.4.

Big data analytics is one of the most important steps in determining the degree of uncer-
tainty. The accuracy of the results might be significantly impacted by neglecting uncer-
tainty in the data or the analysis approach, even though there are many ways to examine
large data. Big data analytical approaches may be used with uncertainty models like prob-
ability theory, fuzziness, and rough set theory to increase the precision and significance
of the outcomes. Common techniques for modeling uncertainty and decision-making in
previous research include fuzzy set theory and Bayesian models. Table 6.1 contrasts and
condenses the relevant approaches, with a focus on probability theory, rough set theory,
fuzzy set theory, and Shannon’s entropy. It also compares various uncertainty manage-
ment techniques. Table 6.1 contrasts and summarizes the methods that we have deter-
mined to be pertinent, with a particular emphasis on probabilistic theory, rough set theory,
Shannon’s entropy, and fuzzy set theory.

6.4 BIG DATA ANALYTICS

The act of big data analytics is looking over enormous databases to seek patterns, previ-
ously unrecognized links, consumer preferences, market trends, and other essential data
that were difficult to analyze using traditional technologies. Analysis methodologies have
to be re-evaluated to get around their processing time and space constraints when the 17 Vs
characteristics of big data have been established. In today’s digital data world, the applica-
tions for big data are continually growing. Big data technologies and services are expected
to rise by around 36% annually on a worldwide scale between 2014 and 2019, whereas rev-
enue from business analytics and big data is predicted to grow by more than 60% [32].
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TABLE 6.1 Uncertainty Management Techniques

Uncertainty Models Features

Probability theory Powerful for dealing with subjective uncertainty and unpredictability where
accuracy is needed
Bayesian theory Ability to handle complicated data [28]
Shannon’s entropy
Fuzziness Handles incorrect and confusing info in hard-to-model schemes
Accuracy is not assured
Easy to learn and utilize [28]
Function of belief Situations have to be addressed with some innocence
Calculates the probability of a certain hypothesis by combining several sorts of
evidence
Takes into account all supporting data for the hypothesis
Ideal for data that are complicated and partial
Mathematically challenging but helps reduce ambiguity [28]
Rough set theory Offers a method of investigation that is objective [29]
Addresses data ambiguity
Minimum information required to identify set membership
Utilize just the details offered by the provided data [30]
Classification entropy Eliminates vagueness between the classifications [31]

Indeed, several cutting-edge data analysis methods, including data mining, NLP, ML,
and CI, are crucial in the field of big data analytics. To break down complicated big data
issues into smaller, more manageable jobs, other possible tactics including instance selec-
tion, parallelization, sampling, incremental learning, feature selection, granular comput-
ing, and divide-and-conquer are used. Firms may maximize the advantages of big data by
implementing these tactics and strategies, which help firms make more informed choices,
save operating costs, and allow more effective data processing.

o Parallelization is a potent tool used in big data analytics that shortens computing
times by splitting up complex issues into simpler ones and carrying out these smaller
jobs concurrently. This entails splitting up the job among several threads, cores, or
processors, so they may focus on various aspects of the data concurrently. Because
smaller activities are executed concurrently rather than sequentially, parallelization
considerably accelerates the data processing process, increasing the overall effective-
ness of big data analytics [10]. Parallelization is an essential strategy for managing
large-scale data processing because, while it doesn’t lower the quantity of work per-
formed, it does effectively shorten the time required to finish the analysis.

 The divide-and-conquer tactic is a vital method for handling huge data. It entails
three steps: (1) breaking a huge issue down into minor issues; (2) solving each of the
minor issues independently in a way that helps to solve the larger overall problem;
and (3) combining the smaller problem solutions to come up with a solution for the
entire large problem. For many years, this method has been used extensively in man-
aging enormous databases because it enables the editing of records in groups rather
than the processing of all the data at once. Divide-and-conquer techniques make big
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data processing easier to control and more effective, allowing for faster analysis of
massive datasets with less computing work.

« A popular learning approach for streaming data is incremental learning. Traditional
batch learning trains the model using historical data, whereas incremental learn-
ing only uses fresh data. This indicates that the algorithm changes its parameters
throughout time, integrating fresh input data just once for training purposes [10].

« By selecting, modifying, and investigating a smaller portion of the data, sampling
is a data reduction technique used in big data analytics to detect trends in massive
datasets [10]. The factors employed for data selection affect the efficacy of sampling.

A huge space’s constituents are broken down into smaller sets, or granules, using
granular computing. By condensing several huge objects into a more manageable and
compact search area, this method efficiently characterizes uncertainty in the search
space.

« A common strategy for dealing with huge data is feature selection, which aims to pick
a subset of pertinent characteristics for a more accurate data representation. It turns
out to be an effective data mining technique for creating large datasets.

o Inmany ML and data mining jobs that include data preprocessing, instance selection
is a useful feature. Instance selection can be used to reduce the number of training
sets and the length of the categorization or phase of training.

To create resilient and high-performing systems, it is essential to consider the expenses of
uncertainty (both monetary and computational) and the difficulties in creating efficient
models for uncertainties in big data analytics. In the part that follows, we will go through
several unresolved concerns related to how uncertainty affects big data analytics.

6.5 AL APPROACHES IN BIG DATA ANALYTICS AND UNCERTAINTY

In this section, three AI techniques are often used in big data: (1) NLP, (2) ML, and (3) CI,
and the effects of uncertainty are investigated. While there are several alternative ana-

lytics methods, our primary focus is on these three techniques. We examine the under-
lying uncertainties that each methodology encounters and discuss the techniques and
approaches to reduce this uncertainty.

6.5.1 Big Data and Machine Learning

To improve data-driven decision-making, ML is often used in data analytics to develop
models for knowledge discovery and prediction. Traditional ML techniques, on the con-
trary, are not computationally effective or scalable enough to manage big data’s unique
properties, including its volume, speed, variety of kinds, incompleteness, low-value den-
sity, ambiguities like biased practice data, and surprise data types. For large data analysis,
several advanced ML approaches, such as deep learning, feature learning, transfer learn-
ing, active learning, and distributed learning, have been suggested to meet these issues.
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Techniques used in feature learning allow a system to robotically find the illustrations
required for identifying and categorizing features from raw data. The choice of data for-
mat has a big impact on how well ML algorithms perform. Deep learning algorithms were
created expressly to sift through and extract useful information from the large volumes
of data gathered from multiple sources, including the minute differences found within a
picture, such as differing materials, lighting conditions, and forms. However, because of
their complexity and the vast amounts of data they handle, current deep learning models
have the issue of incurring a significant computational cost. Distributed learning is a tech-
nique that may be used to scale up the learning process and overcome the scalability prob-
lem with classical ML. By properly transferring knowledge from a related area, transfer
learning effectively improves a learner’s performance by using knowledge obtained in one
domain and applying it to new situations. The use of adaptive data collection approaches
by active learning, on the other hand, addresses labeling issues and accelerates ML pro-
cesses by automatically modifying settings to acquire the most valuable data quickly. The
main sources of the uncertainty problems that ML approaches encounter include learning
from data that have poor accuracy (i.e., incomplete and uncertain data) and small value
(i.e., irrelevant to the present situation). Other ML methods, such as fuzzy logic theory,
deep learning, and active learning, have shown special usefulness in addressing the issue
of reducing uncertainty [33]. The efficiency of various methods for dealing with uncer-
tainty in ML problems is shown in Figure 6.5. Machine learning (ML) can be affected by

Active learning

Learning from low veracity /
low value data/ unlabeled
data

ML techniques to 5 Distributed
mitigate uncertainty | learning

Deep Learning

Learning from low veracity /
low value data/ unlabeled Fuzzy logic
data

Data cleaning

FIGURE 6.5 Machine learning methods address uncertainty in massive data.
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uncertainty in several ways, including when dealing with inadequate or inaccurate train-
ing samples that result in ambiguous categorization boundaries and a restricted compre-
hension of the target data. Data may occasionally lack labels, which present a problem for
conventional ML methods. Learning from unlabeled data is challenging because imprecise
instructions can produce confusing outcomes, and manually labeling huge datasets can be
costly and time-consuming. By picking the most important examples for labeling, active
learning has proven successful in resolving this problem and improving the effectiveness
and efficiency of the learning process. Another ML approach that can address concerns
with consistency and incompleteness in the classification process is deep learning [18].
It allows for the automated extraction of pertinent characteristics from data, minimiz-
ing the requirement for manually created features and enhancing the model’s resilience.
Another method for modeling uncertainty effectively is fuzzy logic theory. By adding a
fuzzy relationship to each SVM input idea, fuzzy support vector machines (FSVMs) allow
for a more flexible and adaptive classification process. Fuzzy logic helps FSVMs manage
uncertain and imprecise input effectively, improving performance in classification tasks.
Due to the flexibility offered by fuzzy logic’s application in the learning process, support
vector machines (SVMs) are improved by lessening the effect of data point noise. In light
of this, even while insecurity is a substantial badly behaved for ML algorithms, including
efficient methods to quantify and describe insecurity can lead to organizations that are
more adaptable and successful. ML models may produce more accurate and trustworthy
results by addressing uncertainty effectively, improving their overall performance across a
range of applications.

6.5.2 Big Data and Natural Language Processing

Devices can analyze, understand, and even produce text through NLP, which is based on
ML [8]. In the field of big data analytics, NLP works with enormous volumes of text data
and may quickly uncover insightful information. Lexical acquisition, word sense disam-
biguation, and part-of-speech (POS) tagging are examples of popular NLP techniques.
Using NLP-based methods, several text-mining tasks have been successful, including info
extraction, text summarization, classification, question answering, clustering, opinion
mining, and topic modeling [8]. For instance, in economic and scam investigations, NLP
techniques like named entity abstraction and info retrieval may effectively sift through
enormous volumes of textual material, assisting in the discovery of criminal identities and
pertinent bank records to help fraud investigations. By identifying semantic similarities,
NLP can assist in building and recovering traceability relationships between textual arti-
facts. Big data and NLP may also be used in conjunction to anticipate changes in the com-
posite stock price index and evaluate news chapters. Organizations may use NLP in big data
analytics to extract insightful information from massive textual data sources, facilitating
improved decision-making and increasing a variety of applications in practical settings.
Big data analytics presents NLP with a variety of issues due to uncertainty. One illus-
tration is the effect of keyword search, a text-mining technique frequently used to control
enormous volumes of written data. A reserve word search includes entering a list of perti-
nent words or idioms and looking for instances of these words (i.e., search keywords) in the
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intended dataset (e.g., a database or document). The accuracy of keyword searches might be
impacted by uncertainty, though, as the inclusion of a term does not ensure the relevancy
of the content. For instance, a keyword search may miss words with spelling mistakes that
are nevertheless significant since they frequently match precise strings. To overcome this,
tuzzy search technologies and Boolean operators provide greater flexibility by letting the
search for words that have the intended spelling but are spelled differently. Although a
useful strategy in text mining, keyword or keyphrase search has its drawbacks. A limited
choice of search keywords might result in the omission of crucial information, while a larger
set could provide a significant number of unrelated false positive results. Automatic POS
taggers provide yet another noteworthy illustration of how uncertainty impacts NLP. In
some terms, such as “bimonthly,” which might indicate depending on the situation, every
two months or twice a month, these taggers run into ambiguity. Furthermore, terms like
“quite” could have distinct connotations for audiences in the United States and the United
Kingdom. Additionally, there may be difficulties with correct tagging and interpretation
due to the ambiguity of periods (°’), which can be read as either punctuation (such as a full
stop) or a token (such as an abbreviation). Utilizing IBM Content Analytics (ICA), accord-
ing to a recent study, may assist in mitigating these problems. The issue of handling mas-
sive amounts of data, meanwhile, has yet to be overcome in this field. Additionally, when
working with biological language, which differs much from Standard English, uncertainty
and ambiguity have a major influence on part-of-speech (POS) labeling. When employing
trained taggers from the Treebank corpus on biological data [34], there are concerns with
uncertainty and poor tagging accuracy, according to studies. Stream processing systems
are being utilized to handle massive volumes of data fast and with short reaction times
to solve this issue. Large-scale textual data may be handled in real time by combining
NLP approaches with uncertainty modelings. To properly explore and develop these skills,
more study in this field is necessary.

6.5.3 Big Data and Computational Intelligence

Big data analysis relies heavily on CI, which was inspired by natural phenomena [35].
CI methods have proven effective in addressing complex data processing and analytics
challenges, especially when traditional techniques fall short due to high complexity and
uncertainty. Some commonly employed CI techniques include Artificial Neural Networks
(ANN), fuzzy logic, and evolutionary algorithms (EAs). These techniques have been used
to solve a variety of search-based issues, including parameter optimization and robot
controller optimization. Due to their innate capacity to manage significant quantities of
uncertainty, CI approaches are well suited to meet the real-world difficulties of large data.
For instance, CI techniques may be used to create models for forecasting user emotions,
a challenge that is rife with various unknowns. These models utilize huge informational
libraries about human emotion and its intrinsic fuzziness. Despite CI approaches’ present
capabilities, several issues still exist, particularly when addressing the value and veracity
aspects of huge data. New CI strategies that can effectively manage enormous volumes of
data and react swiftly to changes in the dataset are therefore being sought after. According
to studies [36], swarm intelligence, AI, and ML algorithms can be used to optimize massive
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data analysis. These methods are used to develop empirical statistical prediction models,
collaborative filtering, and train computers to execute predictive analysis tasks. Using
CI-based big data analytics solutions makes it feasible to analyze enormous amounts of
data more accurately and with less complexity and ambiguity.

By enabling approximation reasoning and modeling of qualitative data using linguis-
tic quantifiers (fuzzy sets), fuzzy logic is an effective strategy for addressing uncertainty
concerns in big data analytics. It enables the encoding of ambiguous user-defined and
real-world ideas, as well as interpretable fuzzy rules that support inference and deci-
sion-making. Data noise presents problems for big data analytics because it causes outlier
artifacts and high levels of uncertainty. Fuzzy logic methods effectively manage the data’s
innate uncertainties. Another study used Map Reduce and fuzzy logic-based matching
algorithms for experimental decision provision to do big data analytics, demonstrating
significant flexibility in managing data from multiple bases. An additional helpful CI
approach for overcoming the difficulties of large data analytics is evolutionary algorithms.
By gradually building up a population of potential solutions, EAs imitate the evolution
process to find the best answers to challenging issues. Big data is notoriously difficult to
analyze because of its huge volume, diversity, and poor degree of authenticity. For instance,
utilizing parallel genetic algorithms to analyze medical images has produced successful
outcomes in a Hadoop-based system. However, it is crucial to recognize that motion, noise,
and unexpected situations may influence the results of CI-based algorithms. Additionally,
an algorithm that successfully solves one of these issues may struggle to do so when several
variables are in play at once [37].

6.6 OVERVIEW OF THE MITIGATING TECHNIQUES

The study has undertaken a thorough analysis of the different big data analytics method-
ologies and how susceptible they are to uncertainty. Table 6.2 presents a summary of the

TABLE 6.2 Techniques for Reducing Uncertainty

Artificial Intelligence Uncertainty Mitigation

Machine learning Unfinished training samples

An inconsistent classification

Fuzzy groups, function selection
[38], DL [18], fuzzy sets, and active

Natural language processing

Computational intelligence

Using noisy, skewed, and
low-quality data to learn

Unlabeled data learning

Scalability

Words in the POS

An ambiguous classification
(simplifying language
assumption) while searching
for keywords

Classification (simplifying a
linguistic premise)

Complex, noisy, and
low-veracity data

High and varied volume

learning

Learning actively

Learning that is dispersed [9]

Learning in-depth

Fuzzy, Bayesian

ICA, LIBLINEAR, and MNB
algorithm

ICA, open issue [39]

EA with fuzzy logic

Swarm intelligence,
fuzzy-logic-based matching
algorithm, EA, and EA
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results, classifying each AI approach as NLP, ML, or CI. The second attribute indicates
how each approach is impacted by uncertainty, both how the technique itself and the data
are uncertain. An overview of the suggested mitigating tactics for dealing with the prob-
lems brought on by uncertainty is given in the third column. For instance, the first row
of Table 6.2 shows how inadequate training data can cause ambiguity in ML. Using the
method of active learning that chooses a subclass of the data is thought to be very impor-
tant, thus solving the issue of little practice data, is one potential strategy for overcoming
this specific uncertainty.

Keep in mind that we went over each big data aspect individually. However, integrating
one or more big data qualities will result in an exponential increase in uncertainty, neces-
sitating much more research.

6.7 CHALLENGES AND RECOMMENDATIONS

This work examines how big data analytics and the datasets themselves are affected by
uncertainty. The primary objectives are to examine the state of big data analytics meth-
ods, how insecurity might adversely affect these approaches, and pinpoint any unresolved

concerns. To assist others in the community when creating their procedures, each typical
methodology is outlined.

Big data may provide organizations with a wealth of information, but the terabytes or
petabytes of data arriving into an organization every day have shown that the structures
and architectures in place today are unable to handle the problem. The task of developing
technology that can handle all the technological needs of enormous data streams falls to
IT scientists. As data volume increases, I'T professionals are receiving more calls asking for
more ad hoc analysis and compiled reports. If feasible, decision-makers cannot afford to
wait hours or days for answers to their questions. Additionally, end users will want tools to
access, comprehend, and evaluate these data on their own without having to go back to IT
for each request [40]. The seven Vs of big data—velocity, volume, veracity, value, verbosity,
versatility, and variety—and the problems they raise are covered in this chapter. Although
there has been a lot of study on data volume, diversity, velocity, and truthfulness, there has
been far less research on data value, which includes data pertinent to business interests and
decision-making in certain fields.

Future field study on several topics has been suggested by this publication. First of all,
because they coexist inherently in real-world circumstances, it is crucial to research the
relationships between various big data properties. Second, it’s important to experimentally
assess the scalability and efficiency of current analytics methods when used with large
data. Third, to manage real-time decision-making based on enormous volumes of data,
in the fields of ML and NLP, new methods and algorithms must be developed. Fourth,
there is a need for more effective techniques to describe uncertainty emerging from big
data analytics as well as modeling uncertainty in ML and NLP. Additionally, tackling ML
issues and uncertainty concerns in data analytics has shown potential for CI techniques.
To reduce uncertainty, there aren’t enough CI metaheuristics techniques made particularly
for large data analytics. Future big data analytics research and development potential in
these domains are quite interesting.



Data Science and Big Data Analytics m 107

Numerous issues are presented in the fields of data science and big data analytics and are
strongly related to human applications and processes. A major challenge is managing enor-
mous and constantly growing amounts of data, which calls for sophisticated infrastructure
and quick processing techniques. Structured, unstructured, and semi-structured data are
all different and varied, which complicates their integration and analysis. To reach valid
findings and make wise judgments, it is essential to guarantee the trustworthiness and
quality of the data. To foster trust and protect sensitive information, it is crucial to address
privacy issues and ensure data security. Deep knowledge of the data and the issue at hand
is necessary to choose the best algorithms for a given task. To gain significant insights from
complicated datasets, it is crucial to bridge the gap between domain knowledge and techni-
cal competence. In dynamic contexts, real-time data analysis and prompt decision-making
are becoming more and more crucial. Additionally, as data analytics is influencing a vari-
ety of sectors in an ever-increasing way, addressing ethical issues and potential biases in
data utilization is essential for providing accurate and impartial insights. Data science and
big data analytics may realize their true potential to improve human experiences and spur
innovation in a variety of industries by overcoming these obstacles [41].

6.8 CONCLUSION

This chapter has provided an in-depth review of big data, covering and improving the
functionality and intelligence of an application. We have also represented the contempo-
rary appeal of big data and data science. Big data is a collection of datasets that are always
expanding since data are produced by everyone and for every purpose, including call cen-
ters and handheld electronics. The seven critical big data Vs—velocity, verbosity, variety,
versatility, volume, veracity, and value—are also discussed in this chapter. The emphasized
features will likely provide straightforward and eflicient big data management that may be
used for value-added applications and research settings. We have now covered the difficul-
ties we encountered within the parameters of our study, as well as potential future areas
and lines of inquiry. When processing vast amounts of data, typical pattern analysis meth-
ods might be difficult to use. However, uncertainty exists in many different forms, which
results in findings of low quality and low accuracy. Overall, we conclude that our investiga-
tion into sophisticated analytical and uncertainty solutions based on big data techniques
and data science is fruitful and can serve as a model for future work in the field of data
science and its practical applications.
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7.1 INTRODUCTION

Machine Learning and Artificial Intelligence (MAI) have emerged as revolutionary tech-
nologies shaping the future world. These technologies have the potential to revolutionize
industries, improve efficiency, and enhance decision-making processes [1]. AI refers to the
simulation of human intelligence in machines, enabling them to perform tasks that typi-
cally require human intelligence, such as learning, reasoning, and problem-solving. ML, a
subset of Al focuses on algorithms and statistical models that allow machines to learn and
make predictions or decisions without being explicitly programmed [2]. MAT have gained
significant traction in recent years across various fields, including healthcare, finance,
transportation, and communication. Their applications range from medical diagnosis and
personalized recommendations to autonomous vehicles and natural language processing.
The rapid advancements in MAI have led to unprecedented opportunities and challenges
for individuals, organizations, and society [3].

As MALI technologies become increasingly pervasive, it is crucial to consider the ethical
implications associated with their development and deployment. Cyber ethics, a branch of
applied ethics, focuses on the moral and ethical issues arising in the context of technol-
ogy, particularly concerning information security, privacy, and human values [4]. In MAI,
cyber ethics is critical in ensuring these technologies are developed and used responsibly,
ethically, and in line with societal values. This research explores the intersection of MAI
with cyber ethics and sheds light on the importance of ethical considerations in shap-
ing the future world [5]. It examines MAI applications’ challenges and dilemmas, such
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as algorithmic bias, privacy concerns, transparency, accountability, and fairness [6]. By
addressing these ethical concerns, we can strive for an MAI landscape that promotes social
good, respects human rights, and minimizes harm.

Moreover, this chapter delves into the existing frameworks, guidelines, and regulations
to foster ethical MAI practices. It examines the roles of governments, organizations, and
researchers in promoting ethical development and deployment of these technologies [7].
The exploration of future directions and recommendations seeks to provide insights into
navigating the ethical challenges that lie ahead. MAI have the potential to revolutionize
healthcare by enhancing diagnostics, treatment, and patient care. Machine learning algo-
rithms can analyze vast amounts of medical data to detect patterns, diagnose diseases,
and predict patient outcomes [8]. Al-powered tools can automate administrative tasks,
improve precision in surgery, and enable personalized medicine.

In the finance industry, MAI are transforming fraud detection, risk assessment, and
algorithmic trading processes. ML algorithms can analyze large datasets to identify pat-
terns and anomalies, enhancing fraud detection capabilities. AI-powered chatbots and
virtual assistants provide personalized customer service and support. Predictive ana-
lytics based on ML models aid in risk assessment and investment decision-making. ML
algorithms enable vehicles to perceive their surroundings, make real-time decisions, and
navigate safely [9]. Al-based traffic management systems optimize traffic flow, reduce con-
gestion, and enhance transportation efficiency. Also, ML algorithms are employed in logis-
tics and supply chain management to optimize routing and improve delivery processes, as
depicted in Figure 7.1.

Al/ML
component

[

Data DL Data Data Development
virtuel exploration Ingestion tools
machine tool

Languages

platforms

FIGURE 7.1  Artificial intelligence/machine learning components.
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Adaptive learning platforms powered by ML algorithms can assess students’ strengths
and weaknesses, tailoring educational content accordingly. Intelligent tutoring systems
provide personalized guidance and support. Natural language processing capabilities
enable automated essay grading and language learning assistance [10]. Recommendation
systems analyze user preferences, purchase history, and browsing behavior to provide
personalized product suggestions. ML algorithms help optimize inventory management,
demand forecasting, and pricing strategies. Chatbots and virtual assistants enhance cus-
tomer service and support. ML algorithms analyze sensor data to detect anomalies, predict
equipment failures, and optimize maintenance schedules [11]. AI-powered robotics and
automation systems enhance productivity and efficiency. ML-based quality control sys-
tems detect defects and optimize production parameters.

7.1.1 The Contribution of this Chapter

The following are the contributions of this chapter.

« Emphasizes the significance of ethical considerations in developing and deploying
MALI technologies.

« Highlights the need to address biases and ensure fairness in algorithmic decision-
making, stressing the importance of protecting privacy and implementing robust
data governance practices.

+ Highlights the importance of maintaining human oversight and control over these
technologies, promoting collaboration and multidisciplinary approaches in address-
ing ethical challenges.

+ Underlines the importance of continuous monitoring, evaluation, and adaptation in
ethical MAI development, advocating for public engagement and inclusion in MAI
development processes.

« Emphasizes the need for regulatory frameworks and international collaboration to
establish clear ethical standards.

« Encourages education and awareness initiatives to foster a responsible MAI develop-
ment culture.

7.1.2 The Organization of this Chapter

The remainder of this chapter is divided into seven sections as follows: Section 7.2 presents
an understanding of artificial intelligence and machine learning. Section 7.3 demonstrated
the applications of artificial intelligence and machine learning. Section 7.4 presents cyber
ethics and its importance in the future world. Section 7.5 presents the ethical challenges
in artificial intelligence and machine learning. Section 7.6 demonstrates ensuring ethical
MAI development. Section 7.7 illustrates future directions, lessons learned, recommenda-
tions, and the conclusion of this chapter.
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7.2 UNDERSTANDING MACHINE LEARNING
AND ARTIFICIAL INTELLIGENCE

Al refers to developing computer systems or machines that can perform tasks that typi-

cally require human intelligence. It involves the simulation of human cognitive processes,
such as learning, reasoning, problem-solving, perception, and language understanding, in
machines [2]. ML, a subset of Al focuses on developing algorithms and statistical models
that enable machines to learn from data and make predictions or decisions without being
explicitly programmed. Instead of following predefined rules, ML algorithms learn pat-
terns and relationships from large datasets, enabling them to generalize and make accurate
predictions or decisions on new, unseen data [4].

The development of MAI technologies has progressed significantly over the years.
Initially, AT was primarily focused on rule-based systems that relied on explicit program-
ming to solve specific problems. However, the advent of ML algorithms, particularly in the
past decade, has revolutionized AI. ML algorithms can automatically learn and improve
from data, making them more adaptable and capable of handling complex tasks. Currently,
MALI technologies are in a state of rapid advancement [3]. ML algorithms, such as deep
learning, have demonstrated remarkable success in various domains, including computer
vision, natural language processing, and speech recognition [12]. The availability of vast
amounts of data and increased computing power has facilitated the training of more com-
plex models, enabling breakthroughs in areas like image and speech recognition, autono-
mous vehicles, and language translation [13]. The benefits of MAI adoption are numerous,
as summarized.

« Automation and Efficiency: MAI technologies can automate repetitive and mun-
dane tasks, increasing efficiency and productivity [14]. This allows human workers to
focus on more complex and creative endeavors.

 Data-Driven Decision-Making: ML algorithms can analyze large volumes of data
and extract valuable insights, enabling data-driven decision-making and improving
the accuracy of predictions and recommendations [12].

« Personalization: MAI algorithms can personalize experiences, such as personalized
product recommendations in e-commerce, personalized learning in education, or
personalized healthcare treatments [15].

o Improved Customer Service: Al-powered chatbots and virtual assistants can pro-
vide immediate and personalized customer support, improving customer satisfac-
tion and reducing response times [16].

However, along with the benefits, there are also challenges associated with MAI adoption:
« Ethical Considerations: MAI technologies raise ethical concerns, such as privacy,

bias, and transparency. It is crucial to ensure that these technologies are developed and
deployed in a manner that respects human values, fairness, and accountability [17].
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 Job Displacement: Automating certain tasks through MAI may lead to job displace-
ment or require individuals to acquire new skills to adapt to changing job require-
ments [18].

« Data Bias and Quality: ML algorithms heavily rely on data, and biases or poor data
quality can lead to biased or inaccurate outcomes [5]. Care must be taken to ensure
diverse and representative datasets.

o Security and Privacy: MAI technologies raise data security and privacy concerns.
Safeguarding sensitive information and preventing unauthorized access is crucial
(18].

Adopting MAI brings numerous benefits, including automation, data-driven deci-
sion-making, personalization, and improved customer service [15]. However, ethical con-
siderations, job displacement, data bias and quality, and security and privacy must be
carefully addressed to ensure MAI technologies’ responsible and beneficial deployment.

7.3 APPLICATIONS OF MACHINE LEARNING
AND ARTIFICIAL INTELLIGENCE

These applications represent just a fraction of the wide-ranging impact of ML and Al As
technology advances, ML and AI’s potential to transform industries and enhance various
aspects of our lives will only continue to grow.

7.3.1 Healthcare

ML and Al play a decisive role in healthcare. They are used in medical imaging analysis
to detect and diagnose diseases such as cancer. ML algorithms can analyze large volumes
of medical images, such as X-rays and MRI scans, to identify patterns and anomalies [19].
Al-powered systems assist in treatment planning, predicting patient outcomes, and per-
sonalized medicine. Additionally, MAI facilitate drug discovery by analyzing vast datasets
and identifying potential candidates for new medications.

AT algorithms can scrutinize patient data and recognize potential health issues, allow-
ing for treatment and early intervention. Moreover, Al has the potential to revolutionize
drug discovery and development, enlightening the efficiency and speed of the process [18].
In addition to its benefits in specific industries, Al has become essential for data analy-
sis and management in the digital era. As more data is generated and collected, Al algo-
rithms can analyze and identify patterns, insights, and trends, helping organizations make
data-driven decisions [20]. Moreover, Al can improve data security by detecting and miti-
gating cyber threats; some applications are presented in Figure 7.2 and the way it fosters
manufacturing.

7.3.2 Finance

In the finance industry, ML algorithms are employed in fraud detection systems. By
analyzing patterns and anomalies in transaction data, AI can identify fraudulent activi-
ties and alert financial institutions. Al-powered chatbots and virtual assistants provide
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personalized customer support and enhance user experiences [21]. Furthermore, ML algo-
rithms analyze financial data and market trends to predict stock prices, optimize invest-
ment strategies, and perform algorithmic trading.

7.3.3 Transportation

MAI technologies are transforming transportation, particularly in developing autono-
mous vehicles. ML algorithms enable vehicles to perceive their surroundings through
sensors and make real-time decisions based on the collected data [17]. This technology is
crucial for safe navigation and collision avoidance. Additionally, AI-powered systems opti-
mize traffic flow by analyzing historical and real-time data, predicting congestion patterns,
and suggesting alternate routes [10]. Logistic companies utilize AI to optimize routing and
delivery processes, reducing costs and improving efficiency.

7.3.4 Natural Language Processing (NLP)

NLP focuses on enabling machines to understand, interpret, and generate human lan-
guage. ML and AI techniques are applied in various NLP applications. Chatbots and vir-
tual assistants utilize NLP to provide conversational interfaces and assist users with tasks
such as answering questions, making recommendations, and performing transactions
[12]. Voice recognition systems leverage NLP to convert spoken language into written text,
enabling hands-free operation and voice commands.

7.3.5 Image and Speech Recognition

ML algorithms excel in image and speech recognition tasks. Image recognition applica-
tions include facial recognition systems used for security and identity verification. ML
algorithms can also detect objects in images, classify images into various categories,
and assist in autonomous driving by identifying road signs and pedestrians [22]. Speech
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recognition technology enables voice assistants, transcription services, and speech-to-text
applications, enhancing accessibility and enabling hands-free interaction with devices.

7.3.6 Manufacturing and Quality Control

ML algorithms are utilized in the manufacturing industry to optimize processes and
improve quality control. Predictive maintenance is a prominent application where ML
algorithms analyze sensor data to detect patterns indicative of potential equipment failures
[12]. Maintenance can be scheduled proactively by identifying issues before they occur,
reducing downtime and optimizing productivity. ML algorithms are also employed in
quality control processes, detecting defects in real time, ensuring product consistency, and
reducing waste.

7.3.7 Recommender Systems and E-commerce

These systems analyze user preferences, browsing behavior, and purchase history to pro-
vide personalized product recommendations. By suggesting relevant items, recommenda-
tion systems enhance the user experience, increase customer engagement, and drive sales
[23]. ML algorithms also contribute to dynamic pricing strategies, allowing businesses to
optimize pricing based on factors like demand, competition, and customer behavior.

7.3.8 Cybersecurity

ML and Al are instrumental in combating cyber threats. ML algorithms analyze network
traffic and user behavior, identifying patterns of malicious activity and anomalies that
could indicate a potential attack [24]. By continuously learning from new data, these algo-
rithms can detect and prevent various cyber threats, such as malware, phishing attacks,
and network intrusions. Al systems also help identify vulnerabilities in systems and net-
works, enhancing overall cybersecurity.

7.3.9 Energy and Sustainability

ML and AI technologies contribute to energy optimization and sustainability efforts. ML
algorithms analyze energy consumption patterns, predict demand, and optimize energy
distribution in smart grids. By dynamically managing energy usage, Al systems can reduce
waste and increase efficiency [25]. ML algorithms also facilitate environmental monitoring
by analyzing satellite imagery, weather data, and sensor data to assess air quality, monitor
wildlife populations, and support environmental conservation efforts.

7.3.10 Education and Personalized Learning

ML algorithms are used in personalized learning platforms in education. These platforms
adapt to individual student’s learning styles, preferences, and progress, providing custom-
ized educational content and activities. By analyzing data on student performance, ML
algorithms can identify areas where additional support is needed and recommend appro-
priate resources or interventions [21]. Personalized learning systems enhance engagement,
improve learning outcomes, and support individualized instruction. The following section
presents some cyber ethics and its merits.
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74 CYBER ETHICS AND ITS IMPORTANCE IN THE FUTURE WORLD

Cyber ethics refers to the ethical principles and guidelines that govern the use of technol-
ogy, particularly in the digital realm. Cyber ethics has become increasingly important in
shaping the future world with the rapid advancement of technology, including MAI. The
following are some of the explored significance of cyber ethics and its implications for our
digital society.

7.4.1 Significance of Cyber Ethics

By integrating ethical principles into developing, deploying, and using these technologies,
we can harness their potential while upholding values such as fairness, transparency, pri-
vacy, and accountability [26]. Cyber ethics provides the necessary framework to navigate
the complex ethical challenges in our increasingly digital and interconnected world, shap-
ing a future that benefits individuals, society, and the global community.

7.4.1.1 Ethical Decision-Making

Cyber ethics plays a vital role in ensuring ethical decision-making processes in MAI As
these technologies become more autonomous and capable of making decisions that impact
individuals and society, it is essential to consider the ethical implications [6]. Cyber ethics
guides the development and deployment of MAI systems, emphasizing the importance of
fairness, transparency, accountability, and respect for human values.

7.4.1.2 Privacy and Data Protection

Privacy is a fundamental concern in the digital age. MAI technologies rely on vast amounts
of data to function effectively. Cyber ethics ensures the responsible handling of personal
data, protecting individuals’ privacy rights [23]. It emphasizes the need for informed con-
sent, secure data storage, and data anonymization to mitigate the risk of data breaches and
unauthorized access.

7.4.1.3 Bias and Fairness

MALI algorithms can inadvertently perpetuate biases in the data they are trained on. Cyber
ethics calls for fairness in algorithmic decision-making and identifying and mitigating
biases [27]. It encourages diverse and representative datasets and the continual monitoring
and assessment of Al systems for fairness and equity.

7.4.1.4 Explainability and Transparency

MAI models often operate as “black boxes,” making understanding how they arrive at
their decisions challenging. Cyber ethics advocates for transparency and explainability
in Al systems, enabling users and stakeholders to understand the reasoning behind the
outcomes [26]. This promotes accountability, trust, and responsible deployment of MAI
technologies.
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7.4.1.5 Accountability and Liability

Cyber ethics addresses the issue of accountability and liability when MAI systems cause
harm or make erroneous decisions. It emphasizes the need for clear lines of responsibility,
ensuring that individuals or entities are held accountable for the actions and consequences
of MAI technologies [19]. This includes addressing potential legal and ethical implications,
such as liability for autonomous vehicle accidents.

7.4.1.6 Economic and Social Impact

MALI have the potential to impact society and the economy in significant ways. Cyber
ethics ensures that these technologies are developed and used to benefit society, uphold
human rights, and minimize negative consequences [28]. It calls for considerations of the
societal impact of MAI, including job displacement, economic inequality, and the distribu-
tion of benefits and risks.

7.4.1.7 Clobal Governance and Collaboration

Cyber ethics highlights the need for global collaboration and governance frameworks to
address ethical challenges in MAIL It encourages the involvement of multiple stakeholders,
including governments, organizations, researchers, and individuals, in shaping policies,
guidelines, and regulations [29]. Collaboration fosters a collective effort to ensure ethical
MAI development and promotes a globally harmonized approach to cyber ethics.

7.4.2 Potential Risks and Negative Consequences

The rapid advancement and widespread adoption of ML and Al technologies without
appropriate ethical guidelines can give rise to several risks and negative consequences. At
this point, we present some potential implications:

7.4.2.1 Bias and Discrimination

MAI systems can inadvertently perpetuate and amplify biases in the data they are trained
on. These biases can result in discriminatory outcomes in hiring, lending, and law enforce-
ment without ethical guidelines [30]. Unchecked MAI systems can perpetuate societal
biases, reinforce inequalities, and lead to unfair treatment of individuals or marginalized
groups.

7.4.2.2 Data Misuse and Privacy

Without robust ethical guidelines, there is a risk of privacy breaches and data misuse. MAI
systems often rely on vast amounts of personal data, and inappropriate handling can com-
promise individuals’ privacy rights. A lack of ethical guidelines can lead to unauthorized
data collection, surveillance, or the use of personal data for unintended purposes, poten-
tially resulting in privacy violations and breaches of trust [31].
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7.4.2.3 Accountability and Lack of Transparency

Ethical guidelines promote transparency and accountability in MAI systems. Without
such guidelines, systems can operate as “black boxes,” making it difficult to understand
the decision-making process and assess the accountability of these technologies [32]. This
lack of transparency can erode trust, hinder effective governance, and impede addressing
potential biases, errors, or adverse outcomes.

7.4.2.4 Job Displacement and Unemployment

MALI technologies have the potential to automate various tasks, which can lead to job dis-
placement and unemployment. Without ethical guidelines, the rapid adoption of these
technologies without adequate support for affected workers can exacerbate economic
inequalities and social challenges [5]. Ethical considerations should include measures for
reskilling and upskilling the workforce to mitigate the negative impact on employment.

7.4.2.5 Safety and Security Risks

MAI systems that lack ethical guidelines can pose safety and security risks. For instance,
autonomous vehicles without appropriate ethical guidelines and safety standards may
endanger lives. Inadequate security measures can make MAI systems vulnerable to mali-
cious attacks and manipulation, leading to significant consequences in sectors like health-
care, transportation, and critical infrastructure [15].

7.4.2.6 Decision-Making and Ethical Dilemmas

MAI technologies can face ethical dilemmas where they must make complex moral deci-
sions. Without ethical guidelines, these systems may be unable to make morally sound
decisions, potentially leading to unintended consequences or ethical conflicts [19].

7.4.2.7 Socioeconomic Implications

Deploying MAI technologies without ethical guidelines can exacerbate socioeconomic
disparities. If these technologies are primarily accessible to privileged groups or organiza-
tions, they can deepen inequalities and widen the digital divide. Ethical guidelines should
address equitable access, fairness, and the broader societal implications of MAI deploy-
ment [12]. To mitigate these risks and negative consequences, it is essential to establish
comprehensive ethical guidelines and frameworks that guide the development, deploy-
ment, and use of MALI technologies. These guidelines should prioritize fairness, transpar-
ency, accountability, privacy protection, and the consideration of societal impact [33]. By
incorporating ethical principles, we can harness the potential of MAI while minimizing
their negative consequences and ensuring their alignment with human values and societal
well-being.

7.5 ETHICAL CHALLENGES IN MACHINE LEARNING
AND ARTIFICIAL INTELLIGENCE

Ethical considerations must be integrated into the entire lifecycle of ML systems, from data

collection and model development to deployment and ongoing monitoring. By proactively
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addressing these ethical concerns, we can maximize the benefits of ML while minimizing
potential harms and building a responsible and inclusive technological future.

7.5.1 Bias and Fairness

ML algorithms learn from historical data, which can inadvertently reflect societal biases
and discrimination. ML models can perpetuate and amplify biases in decision-making pro-
cesses without careful consideration. For instance, in hiring or loan approval systems, biased
algorithms can discriminate against certain groups based on gender, race, or socioeconomic
background [18]. Ensuring fairness in ML systems requires actively identifying and address-
ing biases in training data and implementing measures to mitigate unfair outcomes.

7.5.2 Data Protection

ML often relies on large amounts of data, including personal and sensitive information.
Ethical concerns arise around collecting, storing, and using these data. Protecting indi-
viduals’ privacy rights is essential. This includes obtaining informed consent, implement-
ing strong security measures to prevent data breaches, and ensuring data is used only for
intended purposes [9]. Anonymization techniques can also be applied to protect individu-
als’ identities while still enabling effective ML training.

7.5.3 Explainability and Transparency

ML algorithms often operate as “black boxes,” making understanding how they arrive at
their decisions difficult. This lack of transparency can erode trust and raise ethical con-
cerns, especially when ML systems are deployed in critical healthcare or criminal justice
domains [10]. Ethical guidelines should promote transparency and explainability, allowing
individuals to understand and challenge algorithmic decisions. Techniques such as inter-
pretable ML models and model-agnostic explanations can provide meaningful insights
into ML decision-making processes.

7.5.4 Human Control and Autonomy

ML systems are becoming more autonomous, with the ability to make decisions without
direct human intervention. Ethical questions arise around the balance of control between
humans and ML systems. Ensuring that humans retain the ability to override or intervene
in ML-generated decisions is crucial, particularly in domains where human values, eth-
ics, and context-specific knowledge are essential [11]. Striking the right balance of human
control and system autonomy is a key ethical consideration.

7.5.5 Algorithmic Accountability

ML algorithms can significantly impact individuals and society, but responsibility for
their decisions and consequences may be unclear. Ethical guidelines should establish
mechanisms for algorithmic accountability [18]. This includes auditing, monitoring, and
assessing the impact of ML systems and providing avenues for recourse in cases of errors,
biases, or unfair outcomes. Accountability ensures that developers and organizations bear
responsibility for the effects of their ML systems.
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7.5.6 Security and Safety

ML systems can pose safety and security risks in applications like autonomous vehicles or
healthcare; the reliability and safety of ML algorithms are crucial to prevent harm to indi-
viduals. In addition, ML systems may be vulnerable to adversarial attacks, where intention-
ally manipulated inputs can cause the algorithms to make incorrect or malicious decisions
[21]. Ethical considerations involve developing robust security measures, including safe-
guards against adversarial attacks, to ensure the integrity and safety of ML systems.

7.5.7 Economic Implications

The widespread adoption of ML technologies can have socioeconomic implications,
including job displacement, economic inequality, and the concentration of power. Ethical
guidelines should address these implications by promoting policies that support affected
individuals, such as reskilling and upskilling programs [34]. Additionally, considerations
for equitable access to ML benefits and addressing disparities in ML deployment are essen-
tial to prevent exacerbating existing socioeconomic inequalities.

7.5.8 Environmental Impact

ML models often require significant computing power and energy consumption, contrib-
uting to environmental impact. Ethical guidelines should encourage the development of
energy-efficient algorithms, optimization techniques, and responsible use of computing
resources to minimize the environmental footprint of ML [32]. Addressing these ethical
impacts requires interdisciplinary collaboration among researchers, policymakers, indus-
try stakeholders, and the public. Ethical considerations must be integrated into the entire
lifecycle of ML systems, from data collection and model development to deployment and
ongoing monitoring.

7.6 ENSURING ETHICAL MAI DEVELOPMENT

Ensuring the ethical development of MAI involves adopting practices and guidelines pri-
oritizing fairness, transparency, accountability, privacy, and promoting human well-being.

7.6.1 Ethical Frameworks and Guidelines

Establishing ethical frameworks and guidelines is essential to provide a foundation for
responsible MAI development. These frameworks should encompass fairness, transpar-
ency, accountability, privacy, and human rights [16]. They should guide the design, devel-
opment, deployment, and use of MAI systems, addressing these technologies’ potential
risks and negative consequences.

7.6.2 Data Governance and Bias Mitigation

Addressing biases in data is crucial to ensure fairness in MAI systems. Robust data gover-
nance practices should be implemented to identify and mitigate biases in training datasets
[33]. Data collection should be diverse, representative, and inclusive to avoid perpetuating
societal biases. Regular audits and assessments of datasets should be conducted to identify
and rectify potential biases throughout the development process.
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7.6.3 Transparency and Explainability

Enhancing transparency and explainability in MAI systems is essential for building trust
and accountability. ML models and algorithms should be designed to provide interpretable
outputs, enabling users to understand how decisions are made [35]. Employing techniques
such as model interpretability, algorithmic explanations, and visualizations can help stake-
holders comprehend the factors contributing to MATI outcomes.

7.6.4 Privacy and Data Protection

Privacy protection is a critical ethical consideration in MAI development. Adequate mea-
sures should be implemented to safeguard personal data and ensure compliance with rel-
evant privacy regulations. Anonymization techniques, data minimization, secure storage,
and informed consent practices should be followed to protect individuals’ privacy rights
and prevent unauthorized access or misuse of data [36].

7.6.5 Human Oversight and Control

MALI systems should incorporate mechanisms for human oversight and control to pre-
vent undue concentration of power and ensure accountability. Humans should be able to
understand, question, and override system decisions when necessary [37]. Human involve-
ment is crucial in high-stakes domains like healthcare, law enforcement, and critical infra-
structure, where human values, ethics, and context-specific knowledge are indispensable.

7.6.6 Ethical Review and Impact Assessment

Prioritizing ethical review and impact assessments of MAI systems can help identify
potential risks, biases, and unintended consequences. Independent ethical review boards
or committees can assess MAI projects’” societal, ethical, and human rights implications
[27]. Regular audits and assessments should be conducted to evaluate the system’s perfor-
mance, fairness, safety, and adherence to ethical guidelines.

7.6.7 Collaboration and Multidisciplinary Approaches

Ethical MAI development requires collaboration among diverse stakeholders, including
researchers, policymakers, industry experts, ethicists, and representatives from affected
communities. Multidisciplinary approaches can ensure a holistic consideration of ethical
implications and diverse perspectives [22]. Collaboration can lead to the development of
comprehensive frameworks, guidelines, and regulatory measures that promote responsible
MALI practices.

7.6.8 Continuous Monitoring and Adaptation

Ethical MAI development is an ongoing process that requires continuous monitoring and
adaptation. Regular assessments should be conducted to identify emerging ethical chal-
lenges, update guidelines, and adapt to evolving societal needs and values. Continuous
monitoring can help identify biases, unintended consequences, or potential harms, enabling
timely interventions and adjustments to ensure ethical compliance [38]. By incorporating
these considerations into the development process, stakeholders can work towards creating
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MAI systems that are fair, transparent, accountable, and aligned with human values. The
collaborative effort of researchers, policymakers, industry leaders, and the public is crucial
to ensure that MAI technologies are developed and deployed responsibly, promoting soci-
etal well-being, and minimizing potential ethical risks.

7.7 FUTURE DIRECTIONS, LESSONS LEARNED, AND RECOMMENDATIONS

These efforts can contribute to developing and deploying MAI technologies that align with
human values, respect individual rights, and promote societal well-being in the future.

7.7.1 Future Directions and Recommendations

7.7.1.1 Ethical Standards and Regulations

Governments and regulatory bodies should collaborate to establish ethical standards and
regulations for MAI development. These standards should encompass fairness, transpar-
ency, accountability, and privacy. Legal frameworks can help enforce compliance and pro-
vide consequences for unethical practices [19].

7.7.1.2 Education and Awareness

Increasing education and awareness about ethical MAI practices is crucial. This includes
educating developers, researchers, policymakers, and the public about the ethical implica-
tions, challenges, and best practices in MAI [39]. Ethical training programs and resources
can help foster a culture of responsible MAI development.

7.7.1.3 Interdisciplinary Collaboration

Encouraging interdisciplinary collaboration is essential for addressing the ethical dimen-
sions of MAI Collaboration between experts in technology, ethics, law, social sciences,
and other relevant fields can ensure a holistic consideration of ethical implications and
diverse perspectives [26]. This collaboration can lead to more comprehensive ethical guide-
lines and frameworks.

7.7.1.4 Ethical Review Boards

Establishing independent ethical review boards or committees can help assess the ethical
implications of MAI projects. These boards can conduct comprehensive reviews, evaluate
potential risks, biases, and societal impact, and provide recommendations to ensure ethi-
cal compliance [25]. The involvement of diverse stakeholders in these boards is crucial to
ensure transparency and accountability.

7.7.1.5 International Collaboration and Governance

MATI development transcends national boundaries. International collaboration is essential
to establish common ethical guidelines, share best practices, and address global challenges.
International organizations and partnerships can be vital in facilitating discussions, coor-
dinating efforts, and promoting responsible MAI development worldwide [20].
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7.7.1.6 Public Engagement and Inclusion

The involvement of the public in shaping MAI policies and practices is crucial. Encouraging
public participation through consultations, deliberative processes, and citizen juries can
ensure that MAI technologies align with societal values and address the concerns of
diverse communities [29]. This inclusivity promotes accountability and fosters trust in
MALI systems.

7.7.1.7 Auditing and Certification

Developing mechanisms for auditing and certifying the ethical compliance of MAI sys-
tems can enhance accountability and trust. Independent auditing bodies can assess MAI
algorithms, data handling practices, and adherence to ethical guidelines [40]. Certification
programs can help users and stakeholders identify trustworthy and ethically developed
MALI solutions.

7.7.1.8 Responsible Data Sharing and Collaboration

Encouraging responsible data sharing and collaboration can promote ethical MAI devel-
opment. This includes promoting open datasets, ensuring data privacy, and establishing
guidelines for data sharing between organizations [41]. Collaboration platforms that facili-
tate sharing best practices, ethical challenges, and lessons learned can foster responsible
development.

7.7.1.9 Ethical Considerations in Research Funding

Research funding agencies should incorporate ethical considerations into their evaluation
criteria. Supporting research projects prioritizing ethical MAI development can incentiv-
ize responsible practices and contribute to advancing ethically aligned technologies [13].

7.7.1.10 Continuous Monitoring and Evaluation

Continuous monitoring, evaluation, and adaptation are essential for ensuring ongoing
ethical MAI development. Regular assessments should be conducted to identify emerg-
ing ethical challenges, update guidelines, and adapt to changing societal needs and values
[42]. Ongoing feedback loops and mechanisms for user feedback can help improve ethical
practices over time.

7.7.2 Lessons Learned from this Chapter

Within this subsection, lessons learned from this chapter are demonstrated followed by
the conclusion.

7.7.2.1 Ethical Considerations Are Crucial

This chapter emphasizes that ethical considerations are paramount in developing and
deploying MAI technologies. The potential impact of these technologies on individuals,
society, and the environment necessitates a strong focus on principles for example, fairness,
transparency, privacy, accountability, and the promotion of human well-being [17]. Ethical
guidelines and frameworks should be integrated into the entire MAI systems lifecycle.
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7.7.2.2 Bias Awareness and Mitigation

This chapter highlights the need to be aware of biases in MAI systems. ML algorithms learn
from historical data, which can reflect societal biases and discrimination. Recognizing and
addressing these biases is essential to ensure fairness in algorithmic decision-making [43].
Mitigation strategies, such as diverse and representative training data, algorithmic adjust-
ments, and ongoing monitoring, should be employed to avoid perpetuating biases and dis-
criminatory outcomes.

7.7.2.3 Privacy Protection and Data Governance

The collection, storage, and use of personal data in MAI systems raise significant pri-
vacy concerns. To address this, robust data governance practices should be implemented.
Informed consent should be obtained from individuals, and secure data handling protocols
should be followed to protect data from unauthorized access or misuse [31]. Techniques
such as data anonymization can help protect privacy while enabling effective ML training.

7.7.2.4 Transparency and Explainability

This chapter emphasizes the importance of transparency and explainability in MAI sys-
tems. Al algorithms often operate as “black boxes,” making it difficult for users and stake-
holders to understand the reasoning behind their decisions. Ensuring transparency and
explainability builds trust, enables accountability, and allows individuals to understand
and challenge algorithmic outcomes [12]. Techniques such as model interpretability, algo-
rithmic explanations, and visualizations can provide meaningful insights into ML deci-
sion-making processes.

7.7.2.5 Human Oversight and Control

This chapter highlights the need for human control and oversight over MAI systems. While
autonomy is desirable for these technologies, striking a balance between system autonomy
and human intervention is crucial. Human involvement in decision-making processes
remains essential in domains where human values, ethics, and contextual knowledge are
indispensable [14]. This ensures that MAI systems align with societal values and address
complex moral and ethical considerations.

7.7.2.6 Collaboration and Multidisciplinary Approaches

This chapter emphasizes the importance of collaboration and multidisciplinary approaches
in addressing the ethical challenges of MAI. Combining researchers, policymakers, industry
experts, ethicists, and the public allows for a comprehensive consideration of ethical implica-
tions and diverse perspectives [44]. Collaboration ensures that ethical guidelines and frame-
works encompass various dimensions and contribute to responsible MAI practices.

7.7.2.7 Continuous Monitoring and Adaptation
This chapter underscores the importance of continuous monitoring, evaluation, and adap-
tation in ethical MAI development. Ongoing assessments, audits, and impact evaluations
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help identify emerging ethical challenges, update guidelines, and address biases or unin-
tended consequences [15]. Ethical considerations should be integrated into regular evalua-
tions to ensure the continuous improvement of MAI systems and practices.

7.7.2.8 Public Engagement and Inclusion

This chapter highlights the significance of public engagement and inclusion in MAI
development processes. Engaging the public through consultations, deliberative processes,
and citizen juries fosters accountability, transparency, and trust [23]. It ensures that MAI
technologies align with societal values, address concerns of diverse communities, and
mitigate potential risks or negative impacts.

7.7.2.9 Regulatory Frameworks and International Collaboration

This chapter stresses the importance of establishing regulatory frameworks and ethical
standards for MAI development. Governments and regulatory bodies should collaborate
to create clear guidelines and regulations that promote ethical practices [24]. International
collaboration and governance frameworks are crucial to ensure consistent ethical guide-
lines, share best practices, and address global challenges associated with MAL

7.7.2.10 Education and Awareness

This chapter emphasizes the need for education and awareness about ethical MAI practices.
Building a responsible MAI development culture requires educating developers, research-
ers, policymakers, and the public about these technologies™ ethical implications, chal-
lenges, and best practices [45]. Educational initiatives, training programs, and resources
should be provided to foster a deep understanding of ethical considerations in MAIL

7.8 CONCLUSION

This rapid advancement of these technologies calls for responsible practices that prioritize
fairness, transparency, accountability, privacy, and the promotion of human well-being.
This chapter underscores the need to address biases and ensure fairness in algorithmic
decision-making. It emphasizes protecting privacy and implementing robust data gov-
ernance practices to safeguard personal data. Transparency and explainability in MAI
systems are essential for building trust, enabling accountability, and understanding algo-
rithmic decisions. Maintaining human oversight and control over these technologies
strikes a balance between system autonomy and human intervention. Collaboration and
multidisciplinary approaches are vital for addressing the ethical challenges associated with
MAI Comprehensive ethical guidelines and frameworks can be developed by involving
researchers, policymakers, industry experts, ethicists, and the public. Continuous moni-
toring, evaluation, and adaptation are necessary to identify emerging ethical challenges
and ensure the ongoing improvement of MAI systems. Public engagement and inclusion
play a crucial role in ensuring that MAI technologies align with societal values and address
the concerns of diverse communities. Regulatory frameworks and international collabo-
ration are necessary to establish clear ethical standards and promote responsible prac-
tices globally. Education and awareness initiatives are essential for fostering a responsible
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MAI development culture and ensuring a deep understanding of ethical implications.
By embracing these lessons learned and implementing the recommendations provided,
stakeholders can work towards the responsible development and deployment of MAI tech-
nologies. By prioritizing ethical considerations, we can harness the potential of these tech-
nologies while mitigating risks, protecting individual rights, and promoting a future world
where MAI contribute positively to society and human well-being.
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8.1 INTRODUCTION TO THE METAVERSE AND loT

This section will discuss and address the convergence of the Metaverse with the Internet
of Things (IoT) briefly. The Metaverse is a networked virtual environment in which users
engage and interact, whereas IoT is the interconnection of actual items. Understanding
how they interact is critical for exploring future possibilities. As virtual worlds now pro-
gressively resemble our real world, the era of the Metaverse has overtaken the one in which
owning a computer was regarded as a luxury. Notably, Facebook, now known as Meta
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Platforms, has been at the forefront of developing technology for virtual worlds and has
become extremely well known and influential in new markets. As a result, global business
units, tech industries, and researchers are actively involved in the Metaverse’s evolution
into a fully-fledged corporate area. Tech specialists have identified a preferred location
within the Metaverse for experimentation, looking at fresh approaches to take advantage of
its potential for industrial innovation. The IoT has grown four times more significantly in
this environment since this growth cannot be achieved in isolation. This chapter discusses
briefly the convergence of IoT and Metaverse with significant applications in different sec-
tors. Figure 8.1 shows the complete outline of this chapter.

8.1.1 Defining the Metaverse

The Metaverse is a digital universe that is virtual, interconnected, and immersive, allowing
users to interact, create, and engross with a range of artificial environments, Augmented
Reality (AR), Virtual Reality (VR), Mixed Reality (MR), Extended Reality (XR), and expe-
riences in real time. It blurs the distinction between the real and digital worlds, opening
up new avenues for social engagement and enjoyment. In today’s digital world, the term
“Metaverse” is the current buzzword. It is a novel internet application and social world
that incorporates emerging technologies such as Artificial Intelligence, Blockchain (BC),
and others. The Metaverse can be thought of as a virtual world that mimics reality. Several
activities that can be completed in the actual world, such as playing games, shopping,
going to concerts, meeting new people, and so on, can be done differently in the Metaverse.
The Metaverse is defined differently depending on users” and participants’ points of
view and intent. The often debated Metaverse, on the other hand, is a virtual environment
that is similar to the actual world and environment in that it is a virtual space for com-
municating with other users in the environment. Snow Crash launched the Metaverse in
1992 [1], and it was widely researched as the second Life environment in 2006 [2]. Several
Metaverse-based applications such as ZEPETO and Roblox have recently received numer-
ous attention. There are four key distinctions between the present Metaverse and the prior
second-life Metaverse: (1) The novel Metaverse is more realistic and immersive than the
old one and has strong recognition accuracy and performance and a natural cohort model
thanks to the advancement of deep learning and AI; (2) Contrasting the former Metaverse,
i.e., PC-based, the present Metaverse makes use of mobile devices to improve continuity
and accessibility; and (3) With the advancement of security considerations such as virtual
currency (e.g., Bitcoin, Dime) and blockchain, the economic proficiency and firmness of
Metaverse services have enhanced; and (4) As a result of the restrictions of offline social
action such as COVID-19, the interest in virtual reality and the world has advanced.

8.1.2 Understanding the Internet of Things

The IoT is a novel paradigm that lets electronic gadgets and sensors interconnect via the
Internet to advance our lives. IoT technology uses intelligent devices and the internet to
bring creative solutions to many public/private enterprises, businesses, and governmental
organizations around the world [3]. IoT is progressively becoming a significant component
of our lives, and it can be felt all around us. The IoT is a game-changing idea that connects
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common objects to the internet, allowing for data sharing and automation. It enables gad-
gets to collect, share, and act on data, resulting in a smarter, more efficient environment.
Understanding the IoT is critical for capitalizing on its potential across industries, improv-
ing lives, and increasing productivity. IoT has a multidisciplinary vision to help several
areas such as transportation, public/private, the environment, industry, medical, and
smart grid [4] to name a few. Researchers have discussed the IoT in different ways based on
their specific interests and concerns [5-8].

The popular area of IoT application is smart cities, which also includes smart houses
that are made up of IoT-enabled daily life home appliances such as air-conditioning, televi-
sion, video/audio streaming devices, heating system, and security arrangements [9]. These
devices communicate with one another to deliver optimal comfort, security, and energy
usage. All of this communication takes place over the Internet via an IoT-based central
control unit. Some potential IoT applications for smart cities are traffic management, pub-
lic safety solutions, air quality control, smart parking, smart lightening, and smart waste
collection.

8.1.3 The Convergence of loT and the Metaverse

In recent years, the IoT and Metaverse have been explored and investigated to provide users
with more immersive and realistic cyber-virtual experiences in MR environments. As we
define it, the IoT is a resilient digital network of interconnected physical items that we use
every day. Make use of the link between the physical and technical worlds. In IoT, billions
of technical gadgets exchange information, communicate, and access data resources via
wired or wireless channels. IoT is a critical component of the Metaverse infrastructure,
relying on it to reach its full potential. The integration of IoT and the Metaverse could cre-
ate new prospects for technological growth and development. IoT and Metaverse are tech-
nologies that are concerned with transforming the way we look, interact, communicate,
connect, and do our daily tasks. Both technologies require internet access to function and
modify the underlying structure of human relationships via IoT-based gadgets. It provides
users with a fresh immersive experience for accomplishing the same activities they’ve been
doing on traditional platforms. Figure 8.2 presents the future IoMT scenario.

The IoT can be used in the Metaverse [10], which maps real-time IoT data from real life
into a digital reality in the virtual world, to facilitate wireless and seamlessly connected
immersive digital experiences. The IoT' can enhance users’ sensory interfaces in the vir-
tual environment provided by AR and VR [11]. Considering the healthcare application
of IoT, the medical health devices can be mounted to the patient’s body or a sensor-laden
body suit to instrument the patient’s state, such as health issues that may evoke a virtual
response [12].

Integrating the Metaverse and the Internet of Things brings up new opportunities for
industrial sectors, individual needs, and societal demands. The scope of this convergence
will support Metaverse in overcoming its limits and growing its applicability into more
diverse domains. IoT allows virtual environments to interact and communicate with the
real world in real time. In contrast, Metaverse technology delivers the 3D user interface
required for IoT device clusters. This provides consumers with an IoT and Metaverse
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FIGURE 8.2 Internet of Metaverse Things (IoMT) scenario.

experience that is centered on them. This combination allows for optimum data flow to
facilitate data-driven decision-making while requiring less training and effort. In other
words, IoT will be the essential link enabling individuals to move seamlessly between the
Metaverse and the real world. Furthermore, for a better user experience in the Metaverse, it
is necessary to develop a far-advanced IoT technology that can easily support virtual space
activities and complexities.

With the integration of IoT and Metaverse, the e-commerce virtual experiences of the
virtual fitting room will also be improved, where IoT devices are utilized to detect the
user’s body movement. Data from images obtained on the user’s mobile phone or other
smart weighing scales, for example, might be used to update the user’s personal body infor-
mation. This allows Metaverse users to fully immerse themselves in a virtual depiction of
the store, overcoming the experience limitations associated with traditional online pur-
chasing. Furthermore, IoT data can be used by the latest Tactile Internet, which creates a
network or network of networks for humans or machines to remotely access or control real
or virtual things in real time [13,14]. IoT data can give AR/VR applications perspective and
contextual awareness of physical objects while also initiating data interchange between the
digital and real worlds [15]. For this purpose, AR attached device can respond to the user’s
finger motions or initiate a cyber-physical function in response to a physical occurrence.

The Metaverse is a linked network of popular 3D simulations and worlds in which the
users are denoted by virtual avatars with a sense of social presence and geographical aware-
ness and engage in a huge virtual economy. IoT is critical for connecting the Metaverse to
real-world objects or devices. When linked gadgets in the Metaverse can smoothly share
and receive information resulting in an extra well-organized copy of the actual environ-
ment. [oT sensors connect the physical and virtual worlds, and they play a critical role in
data capture from physical assets. Digital twins (DTs) are necessary to virtualize a physical
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object. To join the virtual world, XR devices are required, and IoT semiconductors are the
key component.

In addition, edge computing and 5G are critical enablers of Metaverse technology.
Various businesses are progressively financing to spot themselves in the Metaverse mar-
ket, and the Metaverse’s diverse applications can lead to new commercial prospects. The
Metaverse is quickly spreading across multiple businesses, and related technology is
expected to offer income opportunities across a wide range of verticals. According to the
research, the combination of IoT and Metaverse will create new prospects for growth and
development in the digital industry, such as IoT companies extending and improving their
capabilities and forming strategic collaborations.

The interplay of the real world and the virtual environment enabled by IoT helps to gen-
erate a digital twin, a digital mirror of a unique physical thing’s physical state and condi-
tion [16]. The Metaverse strives to guarantee that the reflection is as near to the real-time
physical condition as feasible to establish a viable digital twin. Because of this distinguish-
ing feature, digital twins are becoming one of the most important uses in the Metaverse.
In professional situations, digital twins can be built using the Tactile Internet and Haptic
Codecs (IEEE P1918.1.1) [17] to establish a group meeting more effectively by allowing
users to engage with one another while operating or showing a replica of the hardware or
software prototype. Digital twins assist engineers in directly operating 3-D representations
of complex systems in technical training programs [18].

This chapter explains how the convergence of IoT and the Metaverse brings the actual
world closer to the ever-changing virtual world. This chapter starts with the introduction
of IoT and explains the emerging Metaverse technology and potential use cases. It then
gives an overview of the Convergence of IoT and the Metaverse. Section 8.2 describes the
potential application of Metaverse technologies in different sectors. Section 8.3 presents
significant applications that show how IoT can be used in the Metaverse. Furthermore,
the IoT-Metaverse and digital twin technology challenges are discussed in Section 8.4. The
security attacks and threats in IoT-Metaverse are briefly described in Section 8.5, while
the security challenges of IoT-Metaverse are presented in Section 8.6. Finally, Section 8.7
concludes this chapter with some final thoughts and discussion.

8.2 METAVERSE APPLICATIONS

Metaverse intends to set up a cohesive network of three-dimensional virtual and real
worlds, in which a single and universal Internet is made available to give users an immer-
sive cyber-virtual experience in physical worlds. Many areas of our daily life could be
transformed by the Metaverse. It has the potential to be used for healthcare, gaming, busi-
ness, education, entertainment, social interactions, and other purposes. We may be able to
use the Metaverse in the future to play, work, socialize, and learn, in novel and immersive
ways. Two popular applications, AR and VR, in particular, are being developed to pro-
vide integrated immersive digital experiences and social connections to Metaverse users.
According to Consumer Technology Association projections, the AR and VR industry in
medical healthcare is expected to expand from $960 million in 2019 to $7 billion in 2026
as a result of the COVID-19 pandemic [19]. According to Market Study Future’s thorough
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study report, the immersive learning or AR/VR-based education market can increase at an
18.2% compound annual growth rate (CAGR) during the next five years (2024 - 2028) [20].

Figure 8.3 depicts the Metaverse’s application scenarios, which include healthcare and
therapy [21], education and training [22], smart cities [23], gaming and entertainment
[24-30], real estate [31], and sociability [32], retail and virtual commerce, virtual collabora-
tion and work, and virtual advertising and marketing.

8.2.1 Healthcare and Therapy

The Metaverse has the potential to play a key role in healthcare and therapy. Medical train-
ing can benefit from virtual simulations and environments, which allow healthcare work-
ers to practice procedures and scenarios in a safe and regulated environment. Furthermore,
virtual therapy sessions can make mental health assistance and interventions available
to people all over the world. According to the World Economic Forum [21], digital ser-
vices will be one of the most important forces in revolutionizing healthcare over the next
decade. Before the COVID-19 pandemic, 43% of healthcare facilities could offer telemedi-
cine, a figure that would rise to 95% by 2020 [33]. The Metaverse has the potential to speed
up the growth of telemedicine, which will help patients, doctors, healthcare workers, and
medical students. The patients in the Metaverse environment can immerse themselves via
their avatar to confer with their doctors [34-38]. Many technological companies such as
Microsoft Hololens [39] are creating clinical assisting technologies for on-demand surgi-
cal procedures. Furthermore, the Metaverse can aid in psychotherapy [32]. The Metaverse
can be used to create a virtual and calming environment in which persons with mental
illnesses can communicate and interact with different avatars.
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8.2.2 Education and Training

The Metaverse and education sectors are closely connected in that they are always digitally
facilitated in modern education. In virtual education, the students share virtual spaces,
content, and methods that benefit both their personal development and academic skills.
However, many people are suspicious about the Metaverse’s significance in education,
claiming that it can be misleading in terms of improving the educational process [40].
Metaverse technology has gained popularity in the education and training sector [41-43].
AR/VR will be widely used to change traditional teaching methodologies that provide
interactive and immersive learning experiences for students [22]. Traditional teaching
methodologies are being transformed by AR/VR that emphasizes visualization-based
learning ideas [44]. The Metaverse is projected to expand various educational institutions
and organizations that can depict teaching and learning information and increase under-
standing of learning content to create engaging and immersive learning environments for
students. The Metaverse can also be used to build safe but immersive virtual lab conditions.
Furthermore, some learning materials, such as the human body’s structure and function-
ing of an organ system, or the universe, are difficult to witness directly or explain in text
[45]. AR/VR can be built to effectively provide students with the required constant practice
and experience to improve the understandability of the learning materials.

Furthermore, another study [46] argues that the Metaverse contributes to the improve-
ment of the educational process, particularly the teacher-student connection, which, thanks
to the Metaverse, is free of time and location constraints. Furthermore, the Metaverse is
critical to transforming the traditional static educational model into a dynamic model by
mobilizing a diverse range of situations, tools, forms of learning methods, and assessments
and placing the student at the center of the educational process, potentially increasing their
motivation to learn [46].

8.2.3 Gaming and Entertainment

The potential of Metaverse has been widely recognized in the game industry and entertain-
ment [25-30]. Games in the Metaverse provide players with extensive virtual environments
to collaborate with other users and players and go on fascinating adventures. Moreover, the
Metaverse surpasses gaming by serving as a platform for immersive entertainment experi-
ences such as 360 movie screenings, virtual concerts, and art exhibitions. Furthermore, the
advancement of Metaverse-related technology has significantly boosted gaming immer-
sion, which can dramatically improve user experience, enjoyment, immersion, playability,
and usability. Roblox is a Metaverse game that relies primarily on VR technology having
a monthly 150 million active users [47]. Besides the extensive use of money and user indi-
vidual information in the Metaverse, a blockchain-based game has been presented in [48].
The Metaverse can also be used for huge events such as exhibitions, concerts, and book
signings because it provides an immersive setting. Recently, Korean pop musicians Asepa
and Black Pink published a few new songs and had fan signings in the virtual environment
of Metaverse [24].
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8.2.4 Smart City and Real Estate

The IoT-based digital twins can leverage the data to digitize real-world objects such as
roads and streets, residences, vehicles, and city infrastructures, and develop virtual cit-
ies as a supporting technology in the Metaverse. The Metaverse is primarily employed in
smart cities to enhance the allocation of services and resources. Real estate has been iden-
tified as the Metaverse’s next promising application entry [31]. AR/VR, as one of the core
technologies powering the Metaverse, offers users a realistic and immersive experience
[49]. Furthermore, because it can create an immersive virtual environment and enable
real-time interaction, the Metaverse has a high potential for deployment in interior design
and architectural areas with the use of AR/VR and AI technologies [50].

8.2.5 Retail and E-Commerce

The Metaverse unlocks new opportunities for retail and e-commerce. Users can browse
and purchase digital and actual things, try on virtual outfits, and design their virtual liv-
ing environments in Metaverse virtual storefronts. Brands may use the Metaverse to create
one-of-a-kind and interactive retail experiences that increase customer engagement and
happiness. Retailers may use Metaverse to build the most engaging and immersive shop-
ping environments where customers can test and purchase things in real time. Customers
will thus have the identical purchasing experience as if they were in a real-world retail mall.
To summarize, customers can communicate with shops virtually from anywhere.

According to a recent survey [51], people are particularly interested in the Metaverse’s
retail sector (i.e., shopping). As a result, to attract digital customers, firms are experiment-
ing with new concepts and media in both real and virtual contexts [52]. Immersive VR
media, for example, offers the advantage of offering an experience similar to buying in a
physical store. [53] highlighted the importance of new technologies, such as VR in improv-
ing the consumer experience of online fashion purchasing, and discussed the necessity for
more impressive and better retail experiences that satisfy fashion consumers.

8.2.6 Socialization

The Metaverse surpasses time and space, allowing for numerous forms of social interaction
and bringing people closer together. People can seek out remote social networks to foster
a more authentic social atmosphere. In terms of human social formations, the Metaverse
brings up a new application field [32]. The Metaverse transcends time and space, allowing
for numerous forms of social interaction and bringing individuals closer together [54].
People can use virtual offices, and virtual dating, and can pursue virtual meetings to meet
higher-level demands beyond the physical world.

The effect of the COVID-19 epidemic has highlighted the relevance of teleworking and
remote social networking [55]. To build a more authentic social environment, the Metaverse
can compensate for the constraints of existing models and increase the functionality of
telecommuting and remote social platforms.



142 m Future Communication Systems Using Al, loT and Data Science

8.2.7 Work and Collaboration

The Metaverse can completely transform how we work and collaborate. Within the
Metaverse, virtual office spaces allow distant teams to connect, conduct meetings, and
work on projects in a dynamic and immersive environment. It removes the barriers of
physical distance, promoting worldwide collaboration and creativity. Based on pilot
research done in an academic health informatics laboratory, the use of the Metaverse
in work and collaboration has demonstrated great promise. The researchers wanted to
know how a Metaverse-based virtual workspace may help lab members communicate and
collaborate [55].

8.2.8 Advertising and Marketing

The Metaverse expands the possibilities for advertising and marketing tactics. Brands may
offer immersive virtual world experiences that allow users to connect with their products
and services in novel ways. Personalized marketing and virtual brand activations have
become essential components of the Metaverse experience.

The application of Metaverse can introduce virtual objects, AR and VR showrooms, and
branded gaming to promote the business and reach new customers. The advertisers can
even create 3D marketing experiences that attract consumers’ interest by engaging them in
novel ways, assisting them in gaining leads and retaining customers.

8.3 loT APPLICATIONS IN METAVERSE

The platforms of the Metaverse cannot be operated alone on a personal machine. The
Metaverse is essentially an internet-based technology. An improved internet and sup-
ported mechanism version would improve its features, while IoT would handle the main

requirements of Metaverse platforms. By combining these technologies, people can inter-
act in an altogether new spatial realm where they can enjoy immersive experiences from
the comfort of their own homes. Both are required for the Metaverse platforms to function.
As a result, they must work together to create an industrial solution.

The IoT can be used in the Metaverse to offer users a more immersive and engaging
experience. IoT devices can transfer data from the actual world into the Metaverse, making
the experience more authentic. The user’s mobility as well as voice commands or gestures
might be tracked in the Metaverse with the integration of IoT sensors. Similarly, this inte-
gration will also potentially provide haptic feedback along with tracking and authentica-
tion of users and prevent unauthorized access to the Metaverse. It can boost and improve
the user’s experience of the Metaverse. Moreover, it will assist the users in experiencing
a more engaging and immersive environment while bridging the actual and Metaverse
worlds with improved safety. Significant and notable applications of IoT in the Metaverse
are shown in Figure 8.4.

8.3.1 Virtual Smart Homes

Within the Metaverse, users can interact with IoT-enabled virtual smart homes. The user
can control home lighting, virtual, appliances, room temperature, and other daily life
equipment. Virtual smart houses are simulated versions of real-world dwellings and are
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FIGURE 8.4 Applications of IoT in Metaverse.

made possible by IoT devices. These gadgets enable users to communicate with their home
appliances in the Metaverse in several ways. These communications can regulate appli-
ances, lighting, temperature, and other home comforts. This can be done by using their
VR headset to adjust the thermostat, turn on the lights, or start the coffee maker. The users
can also use their voice to control these appliances or engage with them through gestures.
Virtual smart houses have numerous conceivable advantages, including the ability to oper-
ate them from anywhere in the globe with an internet connection. Users may keep an eye
on their houses for security issues like unauthorized entry or equipment problems. Users’
virtual homes can be customized to their satisfaction, and they can even create many ver-
sions of their homes for different purposes. Virtual smart houses are likely to become
increasingly common as the Metaverse evolves. They provide a novel way to engage with
our houses, as well as a variety of conveniences and security benefits.

8.3.2 Wearable Virtual loT Devices

Wearable virtual IoT devices such as smartwatches or AR glasses, might provide users
with real-time information or interactions within the Metaverse. Some of the possibilities
include vital sign monitoring, gesture control, and immersive haptic feedback. Within the
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Metaverse, virtual smartwatches, fitness trackers, and other IoT gadgets can offer users
virtual health and activity monitoring. With the integration of IoT and Metaverse, several
smart product interactions, virtual representation of IoT devices, real-time data visualiza-
tion, virtual shopping with IoT products, virtual shopping analytics, IoT-driven events and
experiences, enhanced VR and AR experiences, remote virtual shopping, secure transac-
tions, and authentication became possible for the users.

8.3.3 Virtual Commerce and Shopping

With the integration of Metaverse and IoT, virtual commerce and shopping in the Metaverse
can provide customers with ever more realistic and interactive shopping experiences. The
combination of IoT and the Metaverse enables seamless interactions between the virtual
and physical worlds, allowing real-world products and equipment to be integrated into the
virtual purchasing experience.

IoT devices could link to Metaverse-based virtual shopping experiences, allowing con-
sumers to digitally try on clothes, accessories, or other things while obtaining real-time
product availability and pricing information. It will also allow users to make virtual pur-
chases and transactions through virtual stores with smart shelves and interactive product
displays. Despite the full potential of IoT-enabled virtual commerce and shopping in the
Metaverse has yet to be realized, the integration of these technologies can pave the way for
unique and engaging retail experiences that bring the virtual and physical worlds together
in fascinating new ways.

8.3.4 Virtual Smart Vehicles

The integration of IoT technology into virtual representations of automobiles within
the Metaverse is referred to as the Metaverse. These virtual smart vehicles can provide
consumers with a variety of engaging and immersive experiences, blurring the lines
between the real and virtual worlds. Some characteristics and applications of virtual
smart automobiles in the IoT Metaverse are virtual test drives, smart vehicle integration
with smart homes, IoT-enabled safety features, virtual car shows and events, virtual rac-
ing and competitions, remote vehicle monitoring, smart traffic simulation, and virtual
car ownership.

The combination of IoT technology and virtual smart automobiles in the Metaverse not
only delivers entertainment and gaming experiences, but also allows car manufacturers,
software developers, and consumers to explore the potential of connected vehicles in new
and inventive ways. It’s crucial to remember that the creation of virtual smart automobiles
in the IoT Metaverse is a constantly growing topic, and improvements in technology and
the Metaverse ecosystem will almost certainly lead to even more intriguing applications
in the future.

8.3.5 Virtual Social loT Interaction

With IoT-enabled Metaverse, virtual social IoT interaction is anticipated to play a larger
role in defining how people socialize, engage, and experience both the virtual and physical
worlds. Users in the Metaverse can access shared virtual worlds and communicate with
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one another as avatars. IoT data can be integrated into these virtual environments to pro-
vide dynamic and context-aware interactions. With the use of IoT data, it can improve the
experience of virtual meetups, virtual social events, and virtual conferences. Besides, in
the virtual fitness classes, the participants may have their connected fitness trackers’ heart
rates and activity levels shown within the Metaverse.

However, privacy and security concerns must be considered to maintain a safe and
interesting virtual social experience. These virtual social environments are shared virtual
spaces, IoT-enabled avatars, virtual social events, personalized social interactions, and
remote social presence.

8.3.6 Virtual Training

Organizations may develop dynamic, adaptive, and highly successful learning experi-
ences by incorporating IoT and the Metaverse into virtual training. This can be useful
in industries where hands-on practice and real-time data analysis are essential for skill
development and performance improvement. With the convergence of IoT and Metaverse
technology, virtual training is expected to become an important component of profes-
sional growth in a variety of fields. It can also improve the learning experience for trainees
and trainers by merging real-world data and interactions into immersive virtual worlds.
This method gives trainees hands-on, engaging, and realistic learning experiences. Such
pieces of virtual training can be delivered in many ways including realistic simulations,
performance monitoring, IoT-enabled virtual equipment, team training and collaboration,
hazard simulation and safety training, and continuous learning and updates. In practice,
IoT sensors and equipment can collect real-time data, which is then combined with vir-
tual training simulations. Therefore, trainees may engage with virtual items that respond
accurately to IoT device data. Thus, virtual training can replicate dangerous scenarios and
safety protocols using IoT data from real-world safety sensors. This allows trainees to prac-
tice safe practices in a risk-free virtual environment.

8.3.7 Virtual Environment Monitoring

With the integration of Metaverse and IoT-enabled weather monitoring, virtual surround-
ings become more dynamic and responsive, offering users a more immersive and engaging
experience. This integration can pave the way for new virtual domain applications such as
gaming experiences, virtual tourism, environmental education, and training simulations.
The virtual world can imitate real-world weather scenarios by using real-time IoT weather
data. Users may face different weather conditions and occurrences that correspond to
real-world weather, such as changing weather patterns, rain, snow, and wind. Virtual envi-
ronments can also be built with virtual IoT sensors that function similarly to real-world
sensors. air quality, humidity, temperature, and other environmental parameters can be
measured by these sensors to produce a more authentic virtual experience. Furthermore,
real-time weather integration can improve virtual tourism and travel experiences. Users
exploring virtual environments may come upon virtual weather patterns that are similar
to the current weather conditions in real-world locales.
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8.3.8 Security and Surveillance

IoT and Metaverse integration in security and surveillance applications pro-
vides a comprehensive and linked way to monitor and respond to security risks.
Organizations and individuals can strengthen their security procedures, increase incident
response, and acquire a more holistic perspective of their security environment by com-
bining virtual and real-world security data. Several security and surveillance areas can be
improved with the IoT-enabled Metaverse such as virtual security scenarios, virtual sur-
veillance, remote surveillance, incident response and collaboration, and integration with
alarm systems. Virtual settings in the Metaverse can be constructed to imitate security
scenarios such as virtual patrols, access control, and intrusion detection. Users can take
part in security training simulations, which put their responses to various security issues
to the test. Security personnel can use the Metaverse for training and simulations to prac-
tice responding to various security threats and scenarios, improving their readiness in
real-world situations. Furthermore, IoT-enabled security devices such as smart cameras,
door locks, and motion sensors can be connected with the Metaverse in the real world.
Within the virtual environment, users can remotely manage and monitor these devices.

8.3.9 Virtual Healthcare and Telemedicine

Telemedicine and virtual healthcare using IoT-enabled devices Metaverse provides cut-
ting-edge technology to improve medical services, improve patient experiences, and enable
remote healthcare delivery. Healthcare providers can use real-time health data from IoT
devices to develop immersive and secure virtual healthcare environments.

Several sectors can benefit from IoT-enabled Metaverse to implement virtual healthcare
and telemedicine such as virtual consultations, remote patient monitoring, medical simu-
lation and training, virtual medical records, remote surgeries and consultations, and smart
healthcare facilities. Through the Metaverse, healthcare practitioners and patients can con-
duct virtual consultations, and IoT-enabled medical devices, such as remote patient moni-
toring systems or wearable health trackers, can convey real-time health data to healthcare
experts. Besides, healthcare workers can participate in virtual medical simulations and
training exercises. IoT' data can be used to create realistic scenarios, allowing trainees to
digitally diagnose and treat patients. Furthermore, patients can collect health data at home
using IoT-enabled medical devices, such as blood pressure, blood glucose levels, or ECG
readings. During telemedicine sessions in the Metaverse, these data can be transmitted to
healthcare practitioners.

8.4 loT-METAVERSE AND DIGITAL TWINS TECHNOLOGY CHALLENGES

The IoT-empowered Metaverse enables users to construct virtual environments and expe-
riences beyond their wildest expectations, as well as accurate duplicates of reality that can
bring reality to the digital world [56,57]. In the Metaverse, IoT-based digital twins generate
immersive experiences by fusing the virtual and physical worlds. Users may easily engage

with smart gadgets, products, and environments thanks to these networked replicas. The
huge data ecology of the Metaverse boosts digital twin capabilities, allowing for real-time
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updates, simulations, and personalized experiences. As the Metaverse develops, [oT-based
digital twins will play a critical role in influencing the future of augmented and virtual real-
ity applications. Building facilities, operational procedures, human-computer interaction,
and social services are examples of IoT-based digital twins that generate a virtual counter-
part of physical things or services. Digital twins are commonly used in the Metaverse to
give an immersive shopping experience to customers in the real world. Integrating digital
imitations with physical goods and services can also help with data analytics, letting busi-
nesses use real-world situations for simulations before making costly decisions. Digital
twins, which are digital depictions of real-world objects, can coordinate properties, pro-
cedures, and operational systems with the actual objects and everyday activities such as
analysis of data, visualization, and predictive modeling [58]. Digital twins play an impor-
tant role in how the real and virtual worlds interact via IoT links [59]. Fluctuations in the
actual world are thus rejected in the virtual world. These one-of-a-kind digital twins could
be one of the Metaverse’s core building elements, replicating the actual world, including
its structure and functions, to act as gateways for consumers to experience and enjoy an
interactive and immersive virtual environment.

Engineers and service providers can use digital twins to remotely replicate virtual items
of technologies and processes and do some physical analysis [60]. Since David Gelernter
originally presented the concept of digital twins in his book [61], digital twins have pro-
vided businesses with a unique view into how goods are built, run, and performed, mak-
ing it easier to provide superior products or services. Metaverse employs digital twins to
increase productivity and profitability throughout the development of the product life
cycle, from design to monitoring, servicing, and post-production. Digital twins can be uti-
lized to develop virtual simulated prototypes for Metaverse and provide vast quantities of
predictive data about performance results during the product ideation phase of Metaverse.
Make essential product adjustments based on anticipated outcomes to match preset stan-
dards before investing in a physical prototype. This saves firms time and money by mini-
mizing the number of iterations needed to bring a Metaverse product to market.

Although IoT-based digital twins and Metaverse are gaining attention, digital twins are
useless unless IoT networks are constantly modernized with real-time data, a challenge
that ML and AT have been grappling with for quite some time. The Metaverse is a gathering
place for digital twins and IoT. The users are looking forward to using AR and VR applica-
tions with engaging and immersive experiences in future [62].

Due to the complexity of combining real-world items and systems with virtual settings,
developing digital twins within the Metaverse involves various challenges. Among the
most common challenges, Figure 8.5 shows some common problems that developers may
encounter.

8.4.1 Data Integration and Interoperability

It can be difficult to integrate real-time data from physical objects or systems into digi-
tal twins within the Metaverse. Ensuring compatibility and interoperability among vari-
ous data formats, protocols, and devices can provide technological challenges. It is critical
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FIGURE 8.5 Developing challenges of digital twin with Metaverse.

to develop robust data pipelines and standardization procedures to ensure seamless data
integration.

8.4.2 Security and Privacy

Digital twins sometimes entail sensitive data, such as physical asset information or per-
sonal user data. It is vital to ensure the security and privacy of these data throughout the
digital twin-Metaverse ecosystem. To defend against unauthorized access, data breaches,
and privacy violations, strong security mechanisms such as authentication, encryption,
and access controls must be implemented.

8.4.3 User Interaction and Experience

Creating interactive and engaging user experiences within the Metaverse is critical for user
adoption. To ensure natural interactions between users and their digital twins, as well as
other users, smart interface design, haptic feedback, natural language processing, and ges-
ture detection are required. A significant aspect is balancing usability, functionality, and
immersion.
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8.4.4 Scalability and Performance

Creating digital twins capable of supporting a high number of concurrent users and com-
plicated interactions within the Metaverse may exhaust system resources. Scaling the
infrastructure to handle an increasing user population while retaining ideal performance,
such as low latency and excellent responsiveness, can be difficult.

8.4.5 Immersion and Realism

Offering a complete and high level of immersion and realism in the Metaverse can be dif-
ficult. Advanced rendering techniques, physics simulations, and thorough object modeling
are required to create realistic and detailed virtual worlds that accurately mimic the physi-
cal counterparts of digital twins. It is critical for an immersive experience to strive for a
seamless integration of the actual and virtual worlds.

8.4.6 Lack of Standards and Interoperability

With numerous technology platforms emerging in the field, a lack of standardization and
interoperability might be a problem. A cohesive and connected ecosystem requires com-
patibility and easy integration of various digital twin platforms, Metaverse environments,
and gadgets. The creation of industry-wide standards and processes can aid in addressing
this issue.

8.4.7 Ethical Concerns

As digital twins grow more common and integrated with the Metaverse, ethical concerns
emerge. Data ownership, data privacy, algorithmic prejudice, and the possible misuse of
digital twins are all issues that must be addressed. It is critical to establish ethical norms
and frameworks to control the production and use of digital twins in the Metaverse.

8.5 SECURITY ATTACKS AND THREATS IN IoT-METAVERSE

The IoMT faces many challenges and numerous privacy issues that arise when IoT and the
Metaverse meet. This chapter aims to underline the need of protecting user privacy and

ensuring that the Metaverse environment respects people’s rights while providing immer-
sive experiences. Addressing these privacy concerns is critical for fostering confidence and
ethical use of IoT-enabled Metaverse technology. Shared user data and 3-D virtual worlds
are interconnected with the IoT system in the Metaverse and integrated for remote virtual-
ization. The Metaverse will mostly certainly integrate services of IoT systems, applications,
or from various firms, institutions, or organizations [63]. As a result, the biggest security
and privacy concerns stem from the fact that the integration of various IoT devices neces-
sitates all allies to coordinate and network data with one another.

There are possible security risks and assaults that could target the various intercon-
nected digital environments and devices that make up the Metaverse. Figure 8.6 shows
several possible threats to the Metaverse environment and connected device attacks to
consider.
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FIGURE 8.6 IoT-Metaverse security and privacy threats.

8.5.1 Device Attack

The hardware and software flaws of devices used to enter the Metaverse are the target of
device attacks. These kinds of attacks can compromise a user’s device or possibly result
in greater exploitation. Malware and ransomware are critical device attacks that infect
Metaverse devices with harmful software to steal data, interfere with functioning, or
demand a ransom in exchange. Another serious device attack is identity theft and imper-
sonation that pretend to be the real user and stealing credentials for authentication from
devices to use them in the Metaverse. Similarly, device bricking is unauthorized firmware
updates or alterations that render Metaverse devices inoperable. Another device attack is
sensory manipulation that alters the sensory inputs offered by VR/AR systems to cause
users uncomfortable, harm, or confuse them.

8.5.2 Database Attacks

Database attacks try to obtain unauthorized access to or manipulate stored information in
the Metaverse’s data storage systems. These kinds of attacks can result in virtual asset loss,
data breaches, and other security difficulties. One of the database attacks is SQL Injection
which is a serious attack. This attack can gain unauthorized access to data or execute mali-
cious commands by exploiting weaknesses in the Metaverse’s database queries. Another
database attack is data theft that steals user profiles, in-game items, virtual cash, and
other important data from the Metaverse’s databases. Moreover, data manipulation attack
manipulates the data in the Metaverse’s databases, resulting in discrepancies, disruptions,
or illegal changes.
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8.5.3 Network Attack

The network attacks target the systems that connect the Metaverse’s interconnected gad-
gets. These kinds of attacks try to stop or disrupt data flow, harming the confidentiality,
availability, and integrity of data. Distributed Denial of Service (DDoS) is a network attack
that flooded the servers on the Metaverse network with excessive traffic to prevent users
from using services. Similarly, the Man-in-the-Middle (MitM) intercepts the user-server
communications to eavesdrop, alter, or introduce harmful content. Another network
attack in the Metaverse environment could be packet sniffing that could reveal sensitive
data capturing packet data transmitted between users. Network eavesdropping is the pas-
sive observation of network traffic to obtain data on user interactions and activity.

8.5.4 Hardware and Software Attack

The hardware and software attacks compromise the Metaverse user experience, function-
alities, and security. These attacks may take advantage of flaws in the Metaverse’s applica-
tions or underlying infrastructure. One of the software attacks is Zero-Day Exploits which
targets the previously unknown vulnerabilities in Metaverse software before developers
can fix them. Backdoor entry is another attack that introduces invisible access points into
Metaverse hardware or software to get unauthorized control. Another attack is Supply
Chain Attacks that attempt to inject harmful components into the Metaverse ecosystem
by compromising the hardware or software supply chain. Furthermore, manipulation of
firmware is also the hardware and software attack that changes the firmware of devices or
infrastructure components to obtain control or access.

A thorough approach to cybersecurity is required to protect the Metaverse from these
and other potential threats. Strong encryption, prompt vulnerability patching, regular
security audits, user education, and collaboration among Metaverse device manufactur-
ers, platform developers, and security experts are all part of this. As the Metaverse evolves,
remaining diligent and proactive in dealing with security concerns will be critical to pro-
viding a safe and entertaining virtual environment.

8.6 SECURITY CHALLENGES OF loT-METAVERSE

Although the study of IoT-based Metaverse applications and technologies can be used to
empower the Metaverse with IoT, continued research and implementation of [oT-empowered
Metaverse must address the following important open concerns. VR and AR are the two
most popular Metaverse technologies [64,65]; however, they offer security threats, particu-
larly to user privacy. To tackle these threats, clarifications to questions such as how hacked
AR devices influence privacy, how AR manufacturers utilize and safeguard user data,
and if its sharing is required with other parties [64]. Each of these problems raises ques-
tions concerning Metaverse security, such as denial of service, social engineering attacks,
and credential theft [66,67]. While virtual reality delivers immersive experiences, it also
cuts off people from the real world. When consumers are disconnected from reality, they
are vulnerable to physical security threats. Polarization and radicalization are two more
significant security issues related to the Metaverse [64]. Harassing, Cyberbullying, and
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trolling are privacy and security problems that arise from the Metaverse’s radical behav-
ior and polarization [64]. To enable the widespread adoption of the Metaverse, significant
attention must be paid to all of the aforementioned security and privacy concerns.

8.6.1 Data Processing in a Connected Metaverse

The Metaverse, like the Internet, is vulnerable to a variety of security concerns. It is hard
to discuss the Metaverse’s future without addressing cybersecurity concerns. Although
Internet and Metaverse risks are quite similar, dealing with threats in a virtual environ-
ment can be incredibly difficult and costly. Businesses and individuals in the Metaverse
confront numerous security challenges. Metaverse applications require real-time IoT data
collection to study the activities or states of real-world items or actions [68]. It is quite dif-
ficult to monitor items and systems and collect data from all facets, together with opera-
tional information, monitoring information, initial data, business data, and program data
[58]. According to [69], data analysis and data mining must be performed after collecting
real-time IoT data. Contrasting the traditional simulations [70,71], the Metaverse may run
numerous simulation procedures with real-time data and provide real-time responses to
the sender object for improvement. To provide users/engineers with a complete picture
of how the virtual world is working, these simulation procedures depend on data model-
ing methods such as engineering simulations [72,73], physical analysis [74,75], machine
learning [76], neuromorphic computing [77], and data mining [74]. Furthermore, most
consumer AR/VR systems contain a variety of sensors that create a massive quantity of
data in various modalities and categories. It is worth noting that the Metaverse can use
data fusion methods from several data sources to generate a complete view (e.g., automo-
bile driving and road conditions), rather than multiple independent perspectives [58,78].
Storage, transport, security, and privacy of dense information are key data management
challenges [79,80].

8.6.2 Scalability

The difficulties and obstacles that develop while attempting to handle increasing demands
and expansion in the interconnected virtual environment are referred to as scalability
challenges and issues in an IoT-based Metaverse. As the Metaverse grows and accommo-
dates more IoT devices, users, and interactions, numerous scaling issues may arise. Some
of the major obstacles and issues are network congestion, data processing and storage,
latency and response time, device heterogeneity, scalable infrastructure, resource manage-
ment, content delivery, and user experience. The popularity of Metaverse has been growing
and named one of the future’s top five evolving technologies in the coming 10years. The
investment in IoT development is predicted to increase from $12 billion in 2020 to $72.8
billion in 2024 globally. Over 200 big firms including Samsung, JP Morgan, and Nike have
already applied and moved some of their customer-facing activities to the Metaverse. It is
possible that an increasing number of IoT devices would be able to develop and populate
virtual worlds for users in social media with reasonable ease and minimal barriers to ser-
vice access. Scalability will be a big challenge with any Metaverse platform as IoT applica-
tions expand.



Internet of Metaverse Things (IoMT) = 153

To increase scalability, the Metaverse must be built on a decentralized architecture.
In real-time interaction, the user’s location and scene status must be saved offline. To
address these scaling obstacles and issues, careful design, optimization, and the utiliza-
tion of cutting-edge technology are required. Creating a sustainable and immersive vir-
tual environment capable of supporting the demands of a growing user base and diverse
IoT ecosystem can be aided by designing the IoT-based Metaverse with scalability in mind
from the start.

8.6.3 Interoperability

When integrating IoT devices into the Metaverse, interoperability and consistency of vir-
tual platforms are critical difficulties. These difficulties include enabling flawless commu-
nication and interaction between various IoT devices and virtual environments, as well
as preserving consistency across multiple platforms. One of the Metaverse’s significant
accomplishments is the creation of a virtual environment [81] where the participants can
join and collaborate on various activities such as gaming, viewing movies, and other work.
According to the current scenario, more than one company is creating Metaverse plat-
forms [82]. Facebook, Microsoft, and Apple are prominent examples [83]. Different devices
are also required for IoT networks to connect to many Metaverse platforms and communi-
cate with various groups. Furthermore, establishing interoperability [84] comprises com-
patibility across diverse Metaverse events, places, and measures, as well as interoperability
of mixed networks in the platform.

Interoperability includes guaranteeing user and platform compatibility in Metaverse
along with the compatibility between platforms and operating systems. There are several
challenges and obstacles such as cross-platform content sharing, device variety, protocol
integration, virtual environment, data format standardization, virtual environment, and
synchronization and timing. Resolving these difficulties requires a combination of tech-
nical solutions, industry collaboration, and the formation of standards and conventions.
Implementing open standards and supporting interoperable design principles would aid in
the formation of a more united and coherent IoT-based Metaverse, boosting user experi-
ences and stimulating innovation.

8.7 CONCLUSION

This chapter presents the Internet of Metaverse Things and its groundbreaking vision
of the future, where the boundaries between the virtual and real-world blur, and where
the integration of IoT and the Metaverse brings forth an unparalleled level of immersion,
intelligence, and interconnectedness. By shedding light on the potential applications of
IoT in Metaverse. Moreover, this chapter discusses and explains the Metaverse applica-
tions that will bring major changes in the industry and address the associated challenges.
The transformation into IoMT provides users with unparalleled possibilities, setting the
path for disruptive applications in a variety of industries such as healthcare, education,
gaming, smart cities, and others. While IoMT offers doors to new experiences, obstacles
such as technological barriers, security concerns, and regulatory requirements loom. As
IoMT reshapes our digital ecosystem, addressing challenges such as privacy, data security,
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scalability, and interoperability will be critical. Embracing this transition has enormous
promise, but it will require joint efforts to create a secure and prosperous IoMT ecosystem.
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9.1 INTRODUCTION

Kevin Ashton was the first person who introduced the idea of Internet of Things (IoT) and
proposed the idea of linking Radio Frequency Identification (RFID) to the internet [1]. By
using this approach, each physical object becomes a smart object when it is connected to
the internet, i.e., wall, door, and other appliances. These technologies may include differ-
ent sensors, wireless, and web technologies. These devices have different features such as
architecture, operating system, platform, and communication protocols, and they are con-
nected to each other to exchange data and fulfill the need of the end users [2]. According
to the forecast of Cisco [3] and Garter [4], the number of these smart devices may increase
from 20 to 50 billion in 2022, which greatly increases the IoT network complexities [5].
Managing such a huge network of billions of devices is very difficult because of the lack of
universal standards, and the current IoT standards and protocols are not cost-effective and
avoid the realization of IoT’s true potential [6].

In recent years, research has been carried out, which shows that the concept behind
Social Networks (SN) and IoT show underlying similarities [7], and different research
efforts are made on the integration of SN in the IoT world to solve different implementa-
tion problems [8-11]. The Social Internet of Things (SIoT) is a newly described term in
computer network, which relates the concept of SN to the IoT. Reference [12] proposed a
new approach based on the concept of relationships in social objects in IoT networks with-
out human intervention. Using this approach, smart objects become social objects when
social value or properties are added to the smart objects. These social properties enable the
social objects to build/establish social relationship autonomously with other social objects
to carry out different tasks. These tasks may form simple (using smart mobile) to very com-
plex tasks sharing the very complicated infrastructure of the city. SIoT uses all the devices
connected from anywhere to create relationships based on some common interest and pro-
vide better services to the end users [13]. Different types of relationships are established
among different social objects, which include parental object, colocation, co-work, and
social object relation to fulfill different types of needs according to user needs and require-
ments. In the SIoT network, social objects communicate like social agents to exchange
information against generated queries [14]. Social interaction in the SIoT was inspired
from the well-known statistical theory called Fiske theory [15], which shows the real com-

munication pattern among human beings and the types of relationships in communities.

The main objective of enabling SN in IoT is to allow users to set the rules for social
objects to protect the privacy of the smart/social device and only access the throughput/
results of inter-object interaction [16]. Enabling the SN for smart objects can improve dif-
ferent network parameters such as service discovery, trustworthiness, friendship selection,
and network navigability [12] and suggested that by having an SN capability for social
objects, one can efficiently achieve network navigability, friendship management, interop-
erability in a trustworthy environment, and service discovery efficiently.

Using the concept of SN and IoT greatly improves and explains well the complexity of
interaction among users and social things in the network [17]. The concept of SIoT started
in 2011, and still now, many efforts are being made to improve the different concepts of
SIoT [18]. The concept of SIoT is at its earlier stage, and effort has been made to propose the
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idea of integrating SIoT into actual application [19,20]. Despite the increasing popularity
of this active research area, there are very few related research studies that have reviewed
different notions of SN in SIoT (e.g., [12,18,21,22]).

9.2 RELATED LITERATURE REVIEWS

Related internet-enabling technologies including ontologies [23], machine learning (ML)
[24], deep learning (DL) [25], human-computer interfaces (HCI) [26], and other relevant
technologies are greatly contributing to the adaptation of SIoT. In the recent past, many
research efforts have been made to apply these approaches in different aspects of SIoT.
Several survey papers have been recently published focusing on different SIoT aspects,
i.e., network navigation techniques, trustworthiness, friendship selection, and relation-
ship management techniques. These papers introduced a comprehensive overview of these

aspects. To the best of our knowledge, until now, there is no review paper that focuses
on the application of SIoT in the application domain (applications where the concept of
SIoT was fully implemented). In this chapter, we provide overviews of concepts, relation-
ship, platform and implementation, architecture, and application area where the concept
of social IoT is used.

The main objective and contributions of this chapter are to:

o Offer an in-depth understanding of the fundamentals of the SIoT domain, including
different aspects and types of relationships within SIoT.

+ Review various platforms that support the implementation and realization of the
SIoT concept.

« Examine various architectures and datasets that enable the development of SIoT
applications.

o Provide a comprehensive examination of different cloud-based SIoT applications.

« Summarize the various application domains where the SIoT concept has been imple-
mented and applied.

9.3 METHOD FOR PAPERS COLLECTION

In this review chapter, we have used the PRISM A approach for the collection and analysis
of recent research in SloT-related areas. The review process included three steps: paper
identification, selection, and analysis. To identify relevant papers, we searched major online
research repositories such as IEEE Xplore, SpringerLink, ScienceDirect, MDPI, Hindawi,
the ACM Digital Library, and Google Scholar as these repositories are much related to
the computer science domain. Additionally, we also included publications from Web of
Science, Scopus, and Science Direct to capture the multidisciplinary nature of the topic.
We collected all related papers that matched the search criteria and further screened them

for inclusion in the review.
In the second step, we scanned the collected research paper records and removed the
nonconforming and non-relevant papers. Finally, after this stage, only papers relevant to
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the concept of SIoT and its application are included in our critical review. Figure 9.1 shows
the proposed method for this review.

After a thorough review and selection process, we only included papers that were rel-
evant to the concept of either SIoT or Social Web of Things. All other papers were excluded
from this review. We considered articles that proposed theoretical solutions, conceptual
approaches, architectures, frameworks for integrating SN and IoT in SIoT/SWoT, and
real-world applications of the SIoT concept, as well as partially or fully completed proto-
types or applications using the SIoT concept.

The total number of papers that matched the exact term “Social Internet of Things” in the
different scientific libraries mentioned previously were considered for further evaluation

Record identification

Record identification from different
database.

Scanning record

Papers are scanned and non relevant
are removed.

Paper inclusion

After scanning, all related papers are
included.

Final selection

Only paper related to our search
criteria are added in our reviews.

FIGURE 9.1 PRISMA study selection diagram.
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FIGURE 9.2 Number of papers matching the exact term “Social Internet of Things.”

and analysis. Figure 9.2 illustrates the number of papers in each repository that exactly
matched the term “Social Internet of Things.”

These papers are analyzed for their relationship, platform, and different implementa-
tions, as well as cloud-based applications and real-world scenarios where the concept of
SIoT is fully implemented.

9.4 BACKGROUND

In recent years, the idea of converging the concept of SN with IoT has gained more impor-
tance. Kleinberg [27] first introduced the concept of converging the idea of SN with IoT
applications through which smart objects are capable of creating a social relationship with
each other to fulfill a common goal. The most important step in the direction of SIoT has
been considered in Ref. [26]. In this paper, the integration between SN and IoT and how SN
is used to bring social aspects in smart objects are discussed. The author does not propose
the required architecture for SIoT and does not describe how social relationships are estab-
lished among social objects. These social attributes are explained in Ref. [28], which enable
social interaction among social objects. The relationship model for SIoT was inspired from
the well-known Fiske theory [15], which presents a complete relationship model for human
society. These objects can communicate with each other and behave like social agents in
the social network. These social agents can request and respond from/to other social agents
to provide social services [14]. Each social object can directly communicate with each other
to improve and with humans based on a set of rules set by humans such as how to select
friends and make friendship or how to provide services [12]. The most recent advance-
ment in SIoT Social Collaborative smart thing [29] is by which social objects collaborate
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and create social relationship with others. For the readers, Refs. [30] and [16] present the
complete evaluation history of how a smart object becomes a social object. In SIoT, differ-
ent relations are created, which provide service in a distributed manner rather than relying
on simple server-client architectures [29]. Unique benefits of using the concept of SIoT are
as follows:

1. Whole SIoT network is navigable.

2. Improved scalability.

3. Objects can establish relationships with each other without human involvement [12].
4. SIoT increases security because services are available from friend object.

9.5 ARCHITECTURE OF SloT

There is no standard architecture for different architectures. Most of the research articles
rely on four-layer architectures. These layers include the object layer (consists of a collec-

tion of objects and sensors), global connection layer, platform layer, and application layer
(presenting information to the end user) [31]. This is a perfect architecture for an IoT net-
work and cannot be used for the development of SIoT. In SIoT, these four layers are similar
to the standard IoT architecture, and there is a need for the fifth layer, which brings social
interaction among social objects. Almost there is a standard SIoT architecture having same
layers, but these architectures are modified or new components are added for the develop-
ment of different applications.

Recent contributions regarding the development of SIoT architectures are presented in
Table 9.1 along with layer, structure details, domains, and detailed descriptions.

Atzori et al. [12] proposed a three-layered architecture for SIoT. The proposed architec-
ture consists of the following layers:

« Object Layer: This layer comprises of physical devices and their communication
interfaces. It represents the physical entities that are connected to the network and
can be represented by an object identifier. The object layer is responsible for the man-
agement of the physical devices, their location, and their current state.

« Component Layer: The component layer is responsible for managing different com-
ponents of the SIoT system, including Object Profiling, Identification Management,
Owner Control, Relationship Management, Service Discovery, and Composition
components. The Object Profiling component is responsible for managing the charac-
teristics of the objects and their description. The Identification Management compo-
nent is responsible for managing the unique identification of the objects. The Owner
Control (OC) component is responsible for managing the ownership of the objects.
The Relationship Management Component (MC) is responsible for managing the
relationships between the objects. The Service Discovery component is responsible
for discovering the services offered by the objects. The Composition component is
responsible for managing the interactions between the objects. Additionally, there
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Article Domain Architecture Description

Atzori et al. [12] SloT Three layers  Architecture based on the socialized
object concepts

Atzori et al. [32] SloT Three layers  This is a slight variation in which three
layers are combined in a single layer

Zhang et al. [33] SloT Three-layer ~ Language processing and machine
learning were used for processing

Byun et al. [34] Ontology-based Three-layer  Integration of SN with IoT with a

SIoT model purpose to create a relationship among

another social object

Kim et al. [35] SloT Rational Proposed a socialite architecture that

structure combines social objects

Alam et al. [36] SIOT (SIoVT) Six layers Application of social graph for friendship
representation

Talal et al. [37] SIoT (SIoVT) Three-layer ~ Scalable architecture based on restful
web technologies

Farhan Amin et al. [38] SloT Four layers ~ Capable of selecting friend and searching
for required services

Gulati et al. [19] SloT Four layers ~ Semantic-oriented architecture for SIoT

Dutta et al. [30] SloT Layered Client-server architecture for SIoT

Voutyras et al. [39] SIoT Rational Architecture based on four different

structure group

Kosmatos et al. [40] SloT Four layer Semantic and server-oriented
architecture

Voutyras et al. [41] SIoT Layer Four different groups were used for all

architecture  SIoT activities

is a component for trustworthiness management, which is responsible for managing
the trustworthiness of the objects.

Application Layer: The application layer consists of an interface for users, objects,
and different services API for communication. It enables the users to interact with
the objects and services and provides a way for the objects and services to inter-
act with each other. The application layer provides an API for the communication
between the objects and services and provides an interface for the users to interact
with other social objects and services. Overall, the three-layered architecture pro-
posed by Atzori et al. [12] provides a clear and structured way to manage the different
components of the SIoT system and enables the efficient communication and inter-
action between the objects, services, and users. In Ref. [32], a slight variation of the
architecture proposed by Atzori et al. [12] is the combination of the three layers into
a single component called the SIoT Server layer, which includes the Application and
Network layers. This layer is composed of three sub-layers:

SIoT Server Layer: This layer is responsible for managing the different components
of the SIoT system, including Object Profiling, Identification Management, Owner
Control, Relationship Management, Service Discovery, and Composition compo-
nents. It also includes a component for trustworthiness management.
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» Gateway Layer: This layer is responsible for providing a bridge between the SIoT
server and the objects, enabling communication and interaction between them. This
layer is responsible for managing the communication protocols between the objects
and the SIoT server and for managing the data flow between them.

« Object Layer: This layer comprises of physical devices and their communication
interfaces. It represents the physical entities that are connected to the network and
can be represented by an object identifier. The object layer is responsible for the man-
agement of physical devices, their location, and their current state. This variation of
the architecture combines the three layers into a single component, the SIoT Server
layer, which simplifies the management of the different components of the SIoT sys-
tem. The SIoT Server layer provides an integrated solution for managing the different
components of the SIoT system and enables efficient communication and interac-
tion between the objects, services, and users. The gateway layer is responsible for
managing the communication protocols between the objects and the SIoT server,
and for managing the data flow between them. Moreover, the object layer represents
the physical entities that are connected to the network and can be represented by
an object identifier. In Ref. [33], another architecture for SIoT is presented based on
the Web of Things (WoT) and SN. This architecture utilizes machine learning for
processing and interpreting natural languages into machine language, making the
devices understandable by human beings. The status of the devices is then shared
with other devices through social networks.

Communication between devices is enabled using Restful APIs. This proposed Social Web
of Things architecture is composed of three layers:

+ External Resource Layer: This layer consists of any smart devices that can connect
to the internet through Restful APIs. These devices include sensors, actuators, and
other third-party vendor sensors.

« Platform Layer: This layer is the core of the proposed architecture and includes all
functionalities such as the processing of natural languages to machine languages,
interpretation of natural languages, identifying resources, and Business Process
Management tasks.

« Application Layer: This layer is responsible for presenting the information to the
user and other third-party applications. It provides information to the end users. The
Lilliput architecture, as presented by Byun et al. [34], is a system designed to manage
and interact with IoT devices. It comprises several functional components, including
the following: The Reflection Manager, which is responsible for receiving and storing
online information about entities in a social graph; the IoT Social Graph Manager,
which builds and maintains a social graph of IoT components and directly interacts
with four different sub-components; the Entity Manager, which manages the IDs of IoT
devices and verifies their class or object type; the Relationship Manager, which man-
ages all the relationships that occur within the system; the Synchronization Manager,
which maintains a list of callback receivers; the Change Notification Manager, which
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notifies users when changes occur in the social graph; the Graph Utilization Manager,
which receives queries from users and returns results; the Modification Manager,
which modifies the IoT social graph using knowledge base APIs; the Reflection
Manager, which performs bi-directional reflection between cloud space and IoT social
networks; the Invoker component, which invokes different smart services on social
things and displays results for the application; and the Security Manager, which deter-
mines whether requests from applications are suitable or not. The Lilliput architecture
also provides RESTful APIs for interaction with the system.

Kim et al. [35] proposed a three-layer architecture for the SIoT called Socialite. This archi-
tecture is designed to provide a flexible and scalable solution for managing and interacting
with IoT devices in a social context. The first layer is the Socialite client application layer,
which is reliable for providing access to the different devices and services in the system.
This layer is also responsible for programming the rules and communication mechanisms
that govern the interactions between devices and users. The client application layer can be
programmed using a variety of programming languages, providing flexibility and ease of
use for developers. The second layer is the Socialite Server layer, which acts as a gateway
between the client application layer and the different types of devices and services in the
system. This layer is responsible for providing access to devices of different architectures
and protocols and for managing the interactions between devices and the client appli-
cation layer. Finally, at the third layer, the database layer, all the information about the
devices and their relationships is stored. This layer allows for efficient storage and retrieval
of data and is designed to handle large amounts of data and the scalability of the system.
The database layer also helps in maintaining the state of the devices and the relationships
that have been established between them. Overall, the Socialite architecture is designed to
provide a flexible and scalable solution for managing and interacting with IoT devices in a
social context by providing a three-layer architecture that separates the different function-
alities of the system.

Alam et al. [36] proposed a six-layered architecture for the SIoVT. The architecture is
designed to provide a comprehensive solution for managing and interacting with con-
nected vehicles in a social context. The proposed architecture consists of six layers, each
with specific functions and responsibilities. The first layer is the Home Base Unit (HBU)
layer, which is responsible for managing data, handling the dispatching of messages, and
setting privacy settings. This layer is the primary point of interaction between the vehicle
and the user. It includes a Data Manager, Dispatcher, and Privacy settings. The second
layer is the On-Board Unit (OBU) layer, which is responsible for managing the identity
of the vehicle, building messages, managing data, and handling dispatching. This layer
includes an Identity Manager, Message Builder, Data Manager, and Dispatcher. The third
layer is the tNote Message layer, which is responsible for handling dedicated Short Range
Communications and Advanced Traveler Information System (ATIS) for the vehicle. This
layer is responsible for sending and receiving messages between vehicles and other road
users. The fourth layer is the Road Side Unit (RSU) layer, which is responsible for man-
aging the identity of the vehicle, handling data management, dispatching messages, and
managing social tags. This layer includes an Identity Manager, Data Manager, Dispatcher,
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and Social Tag Manager. The fifth layer is the tNote Cloud layer, which is responsible for
handling the topology optimization, query processing, data management, and providing a
user interface for managing routes, friends, and groups and generating social graphs. This
layer includes a Topology Optimizer, Query Processor, Data Manager, and User Interface.
Lastly, the sixth layer is the User Interface layer, which is responsible for providing a
user-friendly interface for managing user profiles, routes, friends, and groups and generat-
ing social graphs. This layer includes features for managing routes, friends, and groups and
generating social graphs. Overall, the proposed six-layered architecture for SIoV'T provides
a comprehensive solution for managing and interacting with connected vehicles in a social
context, by providing a structured and organized way to handle the different functional-
ities of the system. Reference [37] proposed a four-layered architecture for implementing
the concept of SIoT in the IoV domain. The proposed architecture also consists of six layers
that include the following: (1) Physical world layer, which consists of real-world objects, i.e.,
cars and other transportation vehicles; (2) Gateway layer, which consists of smart vehicles
and other roadside units; (3) Fog layer, which is used for the management of Fog nodes
components in the SIoV networks; (4) Cloud layer, which is responsible for the big data,
resource, and analytic; (5) Application layer, which is used for application management
and services; and (6) User layer users, pedestrians, and Intellection traffic system units.
Reference [38] proposed an architecture that implements both the functionality of IoT and
SIoT. There are four components in the Social Pal platform, which are as follows: (1) Actor
is any device or person who interacts with the system; (2) Social Pal is responsible for the
discovery of the service for the social objects; (3) Interface is responsible for making new
connection for social objects; and (4) Internet provides a way of access to each component
in the platform. This SIoT platform has inherent important features of friendship manage-
ment, services decomposition, and others from social networks.

Gulati et al. [19] proposed a semantic-oriented architecture model as reference for SIoT.
The proposed architecture consists of four layers. Object layer is referred to the collection
of all social objects that may be included in the network. Communication layer is respon-
sible for communication among all social objects. Social management layer is responsible
for managing the relationship and assigning ID to each object. Presentation layer aims to
provide information to the end users and consists of mobile and web-based applications.
Voutyras et al. [39] proposed an SIoT architectural model, which is quiet similar to Ref. [12]
except two new modules, namely, Mobile object relationship and Explorer object relation-
ship, which are added to the main component. The functionality of the proposed archi-
tecture is the same as in Ref. [12]. The EoR module is responsible for creating connections
with movable and static objects, while the MoR module is used to establish the relationship
with smart objects that travel among them. Reference [40] proposed a unified architecture
for the IoT that integrates smart objects and RFID devices to create a social network and
explore a social feature of the smart object. In this architecture, smart objects create a con-
nection with other smart objects and create a social relationship to deliver services to other
objects. However, the proposed unified architecture in not implemented. Reference [41]
proposed an SIoT architecture based on a relational model including four different groups
as a basic design element. These smart objects are integrated with SN and other social
objects to form relationships using the module of COSMOS management frameworks.
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9.6 RELATIONSHIP IN SloT

In SIoT, smart objects can create relationships with other objects. Different research arti-
cles focus on the types of relationships among other objects. Atzori et al. [12] proposed
five different types of relationships among social objects. Roopa et al. [42] classified these
types into further two types of relationships, i.e., object-to-object and human-to-object
relationships. To develop an SIoT application, selecting appropriate types of relationships
plays an important role. Reference [12] presented different applications of the SIoT using
different types of social relationships based on the social objects. Table 9.1 describes dif-
ferent application domains based on these relationships. In the following sub-section, we
briefly discussed different types of relationships that are established among different social
objects in an SIoT environment. These relationships are created among either user to object
or among object to object in an SIoT domain.

1. UO Relationship:

o Ownership Object Relationship (OOR): OOR is created among objects of the
same user, i.e., personal laptop, personal mobiles, smart car, and all other smart
objects belonging to the same user.

» Social Object Relationship (SOR): SOR belongs to friends, i.e., interchange of
phone numbers when friends are in contact with others [43].

« Sibling Object Relationship (SiOR): This relationship is created among different
smart objects that belong to a family member [33].

+ Guest Object Relationship (GOR): This relationship is created by smart objects
owned by the users as a guest in a specific role.

2. OO Relationship:

o Parental Object Relationship (POR): This relationship is created among similar
objects of the same company or distributor.

o Co-location Object Relationship: This relationship is established among objects
in the same location.

» Co-work Object Relationship: This relationship is established by smart objects
that work together to provide service for a common IoT application.

o Guardian Object Relationship (GoR): This relationship is established when
social vehicles turn into child objects in association with the super objects of
Road Side Units [34].

» Stranger Object Relationship: This relationship is established among objects in
a public gathering.

o Service Object Relationship: This type of relationship is established among
smart objects that fulfill the required services that are requested by coordinating
the same service composition.
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TABLE 9.2 Types of Relationship and Possible Application

Object to Object Relationship

POR . Smart printer
. Smart card reading

. Personal laptop

CLOR . Smart hospital
. Smart parking
. Smart office

. . . . . Smart office
Object-to-object relationship Telemedici
. Telemedicine

. Remote patient monitoring
. Emergency response system
. On demand doctors

CWOR

GOR . Early warning system

. Tour application (road
blocking)

. Smart marketing

. Tailored customization

. Campaign management

D = W= R WD = W N

STGOR

SVOR . Smart museum application
. Location-based services
. Recommendation services

. Detect unusual situation

W N~ W~

Human-Object Relationship
SOR . E toll collection

. Lane change assistance

OOR . Smart energy management
. Smart transportation

. Smart logistics
Human-object relationship SIBOR . Smart stadium
. Game statistic

. Crowd management

GSTOR . Smart restaurant
. Smart shopping

. Smart bill payment

W N = W= W= N

Table 9.2 displayed the list of different types of possible relationships.

9.7 PLATFORM, IMPLEMENTATION, AND DATASET

There are different platforms that enable easier and reliable interactions among social
objects to achieve a common goal. In this section, we studied the recent research contribu-
tion and efforts to design and develop such platforms. Several projects have been created
with the aim of integrating IoT and social networks.

Toyota friend platform is one of the earliest platforms, which made the data generated by
smart objects available on social networks. It is a private network that aims to collect data

among automobiles and create a community to increase customer satisfaction. Nike + is
another platform that collects data from the sensors for Nike shoes and then puts these
data on social networks. This is solely a private project for customer satisfaction, and no
APIs are provided to others to develop standalone applications. The project aims to provide
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online ID for each object, which is accessible via a link address. These objects can be linked
with others via relationships and exchange information with other objects and humans.
Social web of thing is a new platform developed by scientists at the Erosion Institute, which
aims to use social media to greatly improve human presence. Interaction among objects is
enabled using social media. Third-party applications like Xively and Paraimpu support the
creation of web-based applications that can link smart objects in a social network. Pintus
et al. [44] proposed Paraimpu, which added value to the smart objects using Http-enabled
connection. The proposed architecture was based on Social Web of Thing concept. Using
this platform, end users can register new smart objects and build a wide range of person-
alized applications in a user-friendly way. The main limitation of the proposed algorithm
was that there is no mechanism for handling the heterogeneous devices and API offered
for different architectures. However, using this approach, no social interaction and rela-
tionship can be utilized and hence restricts the user and device collaboration. Pintus et al.
[45] proposed another improved architecture using the concept of Social Web of Thing.
This architecture explains the way how different heterogeneous devices can be added to a
social-enabled platform. It is a web-enabled platform that adds a virtual device, adds social
value to the social device, shows how to collect information from the devices, and shares
data from heterogeneous devices using programming panel.

Girau et al. [46] proposed an architecture called based on ThingSpeak server and the
concept of SIoT. ThingSpeak server is used to manage the social interaction of the social
objects and provide the features of how to add new devices and add rules about the social
relationship. Web server provides the objects with the required information whenever this
information is required by the smart object. However, the proposed platform does not
define and determine the trustworthiness of the services received. Reference [47] also pro-
posed a web-enabled platform for SIoT utilizing semantic web service and social network.
The proposed architecture utilized the SN as a service creation platform where the end
users/admin can create services for their smart devices. The main aims of this platform
were to collect information from different devices and share them with friend’s devices in
a social network. Danielle Sheridan et al. [48] introduced the concept of using Twitter and
IoT devices for the development of social IoT system. In this architecture, APIs provided by
Twitter are utilized for human-to-machine communication. REST and MQTT protocols
are used for human-to-machine communication, and the result indicates that the pro-
posed system is ideal for SIoT networks. Byun et al. [34] proposed Lilliput for IoT devices.
This architecture improves social graph by improving the social interaction among social
objects. The proposed platform enables end users to develop SIoT-based application with-
out prior knowledge of programming and skills. Three types of bi-directional relationships
can be created, and they are divided into human to human, place to place, and object to
object relationships. The main advantage of this platform is that it studies all aspects of
social relationship and proposes an efficient hybrid model for both SN and IoT. The limi-
tation of the proposed platform is that the temporal social relationship between people,
devices, and locations is not expressed, and it can increase the cost because of the utiliza-
tion of ML methods.

Zhang et al. [33] proposed an architecture design for SIoT application based on the con-
cept of Social Web of Thing, Restful web services, and SN structure. The proposed platform
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makes use of web technologies and SN to bring the social relationship in smart objects.
In this platform, semantic web technologies are used to convert the raw data into differ-
ent natural languages allowing smart devices to interact with each other. The proposed
platform also provides API to provide access to their database services for third-party
users. Socialite is another platform proposed by Kim et al. [35] for the development of SIoT
applications. In this platform, a set of relationship is predefined and can be used for the
development of SIoT applications. It allows the user to integrate devices having different
underlying architectures, with various types of interface, and to allow defining the rela-
tionships. Socialite attains effective RM for the SIoT by developing the relationship ontol-
ogy. Girau et al. [49] introduced Lysis for the deployment of IoT applications. This is a
cloud-based platform having four major features, i.e., social agent, PaaS model, reusability,
and cloud storage for information storage and operation. Both users and developers use
the PaaS for the development of applications. Relationships are established among social
objects to locate information and make the network more scalable. Built-in templates are
provided to the user and entire community to develop and deploy an SloT-based applica-
tion. Data generated by the devices are stored in the server, which is controlled by the
developers. Cicirelli et al. [50] developed iSapiens (a java based) platform for implementing
SloT-based applications. iSapiens allow the user to add new objects having social capabili-
ties and interaction with other devices and objects. The proposed platform allows the user
to create smart environments and manage cloud storage and other resources. iSapiens is
designed and implemented for the development of smart city services and applications
[51]. Reference [52] proposed a platform in which users can automatically add new devices,
allow end user to deploy different protocols, and analyze the result in a visualized form. In
this system, MQTT and CoAP protocols can be implemented for data communication. The
proposed platform is integrated with the social media application through which the user
can get notifications about any event. The proposed framework was implemented for the
smart home scenario. In this system, a cloud-based server (ThingSpeak) is used to collect
the sensor data where these data are further analyzed (Table 9.3).

9.8 DATABASE OF SloT

In literature, there are still very limited databases available for the analysis of SIoT net-
works, which are complete in all aspects as “Brightkite” [57-75]. As SIoT in almost at the
development stage, different databases have been developed and proposed for the SIoT,
which are available for the research community.

Marche et al. [6] created an SIoT database based on a real experiment in the city of
Santander. Different objects are developed and deployed in the city, and the results are
obtained. These results include object profile, their interaction, and types of relation-
ships. These results are stored and used to generate databases that are publicly available for
research communities. Similarly, Ref. [76] suggested an IoT dataset in which objects along
with their social profiles are included in the dataset. Reference [76], combined the trust
metric in it, applies different ML and DL techniques for authentication and validation.
Table 9.4 shows a list of studied datasets of the SIoT dataset along with their brief descrip-
tion and features.




TABLE 9.3  SIoT Platform

Project/Company
Xively

Paraimpu [44]
Toyota friend

Social Internet of Things [46]
Social robot
Everthng

Social Web of Things
Social Home

Social devices
Socialite [35]

Nike +

Lilliput [34]

Social pal [38]

Kaa

Interaction
Minimal
Yes
Minimal
Yes
Yes
Yes
Yes
Not specified
Minimal
Yes
Yes
Yes
Yes
Yes

Interface

Restful APi

PaaS model

Restful API
Restful API
Restful API

Social Relationship

Yes

Not specified
Yes

Not specified
Not specified
Only co-location relationship
Yes

No

Yes

Yes

Yes

Open Source

Yes
Yes
No
Yes
Yes
Yes
Yes
No
No
Yes
No
Yes
Yes
Yes

Application
Not specified
Not specified
Yes
Yes
No
Not specified
Not specified
Yes
Yes
Yes
Yes
Not mentioned
Yes
No

Website
www.xively.com
www.crs4.it/paraimpu
Twitter.com/toyotafriend
http://www.social-iot.org
Not specified
www.evrythng.com
Not specified
Apps.facebook.com/mysocialhome
Not specified
Not mentioned
www.nikeplus.com
Not mentioned
Not mentioned
www.kaaproject.org
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https://www.crs4.it
https://Twitter.com
http://www.social%E2%80%91iot.org
https://www.evrythng.com
https://Apps.facebook.com
https://www.nikeplus.com
https://www.kaaproject.org
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9.9 TRUST MANAGEMENT

Trust is a crucial element in today’s era and technology, particularly in IoT systems and
cloud computing [53], as it pertains to how objects interact with each other [54]. The lack
of trust between objects in a socially interactive system can result in various important
problems, e.g., loss of information privacy, security, safety, and unauthorized manipula-

tion of information. Additionally, object owners may carry out detrimental actions such
as self-promotion, bad-mouthing, and on-off attacks. Thus, evaluating trust-related issues
among social objects is vital for SIoT to find the optimal interactions between customers
and providers/developers. To create and develop a trustworthy connection, it is necessary
to have a high level of confidence in the other social objects that are being connected. This
can enhance the trustworthiness of communication by providing requests and separating
malicious objects from trustworthy ones in the network [55].

Confidentiality is a key aspect of trust management (TM) in the IoT as it ensures that
information is only accessible to authorized individuals at the appropriate time. This is
because each object in an IoT system has its own vulnerabilities and may be susceptible
to attacks. To prevent and block unauthorized access to data and network resources, it
is necessary to implement a control system that enforces a security policy. This security
policy should limit access to the network from potential attacks [56]. Furthermore, objects
near each other often possess valuable information that they can share with other objects
in a distributed, social manner in order to provide high-quality services. This exchange of
information should be based on a careful selection of “friend” objects, as each object can
discover relevant services by inquiring from its friends or “FOAF” (friends of a friend) to
reduce the search area. Ultimately, it is crucial for each object to only exchange data and
services with those objects that are trustworthy in order to establish a secure and reliable
communication that can meet requested demands, thereby increasing the safety and secu-
rity of SIoT networks.

9.9.1 Trust Types

In the context of the SIoT, there are different types of trust that are important to consider.
Most of related articles, such as [54,55,57], mentioned trust as the main type:

1. Transitive Trust: This type of trust is established between different objects that may
not know each other directly, e.g., if object A trusts B and B trusts C, then in this type
of trust, A must be confident on C directly.

2. Direct Trust: Direct trust is based on direct mutual understanding and perception
between smart objects.

3. Indirect Trust: Indirect trust is based on other smart object reputations and
recommendations.

4. Local Trust: This type of trust is different for smart objects. For example, object A
trusts B and object B trusts C, where C does not trust A.
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5. Subjective Trust: This type of trust is based on individual object opinions, while
objective trust between social objects is based on each other social/smart object’s
quality of service provided.

6. Composite Trust: This trust is a composite of friend recommendations and opinions,
which may lead to establish trust or distrust about another object.

7. Dynamic Trust: This trust is not static during different time durations and may
change over time, whether the conditions are altered.

Abdelghani et al. [58] proposed two types of trust between objects in the SIoT: Quality of
Service (QoS) trust and social trust. QoS trust pertains to the ability of a device to provide
high-quality service in response to a request for these services. It is evaluated using metrics
such as reliability and cooperativeness. Social trust, on the contrary, is more common in
the SIoT context and refers to the level of trust between the owners with each other. Trust is
evaluated using factors such as connectivity and honesty. Reference [54] proposed to study
the amount and degree of trust in the SIoT against different types of attacks such as On-Off
selective forwarding attacks. This model is unique as it categorizes trust into three different
types: centrality, energy, and service score. Centrality refers to the importance of smart/
social objects for other objects to protect the SIoT network from malicious objects and
reduce the number of communications between objects trying to achieve harmful goals to
disturb the normal working of the network. Energy is another matric for trust evaluation,
specifically in the case of On-Off attacks with in the network. Service score refers to the
evaluation of the quality of service provided by an object. This dynamic trust model takes
into account these three factors to provide a comprehensive and robust approach to trust
evaluation in SIoT systems [59].

9.9.2 Trust Models

Evaluating trust models and building trust in the SIoT are closely related concepts. There
are various models for establishing trust in SIoT, such as QoS trust, social trust, and
dynamic trust models, and all these models need to be checked for accuracy and correc-
tion. Trust evaluation models are used to assess the trust models that are proposed for
use in SIoT systems. These evaluations are necessary to ensure that the trust models used
in the SIoT are reliable and accurate and that they can manage the trust between objects
in the system. It is important to note that trust evaluation models are used to evaluate
the trust models, not to establish trust between objects; they are two different things.
Therefore, it is essential to use a robust and comprehensive evaluation process to ensure
that the trust models used in SIoT systems can provide the necessary level of security,
privacy, and reliability.

Many studies have proposed models for evaluating trust in SIoT, such as the one pro-
posed by Nitti et al. [55]. They introduced a dynamic trust model. The model supports
two types of trust evaluation: metric objective and subjective trust. The subjective model
for the evaluation of trust has a much slower response time compared to the objective
model, which processes and stores trust information in a DHT system that is visible to
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all network objects. The strength of this research is that it can separate distrustful objects
from the network effects, by analyzing the technical trust metrics between related objects
that cooperate. However, the weakness of this study is that it does not use direct observa-
tions to evaluate trust metrics and relies only on indirect trust observations. Reference
[60] proposed a trust evaluation model for the SIoT that is based on objects’ behavior. This
model, called the SIoT Guarantor and Reputation Trust Evaluation Model, aims to provide
a proper service response by evaluating the degree of trust between objects. The model
employs techniques such as credit rating and reputation rating to assess trust. Objects that
provide complete services are given more rank than those that do not collaborate or provide
appropriate services. Objects with a lower rank are considered malicious. This approach is
effective in identifying dishonest objects, but it does not consider all the important aspects
of trust in large-scale networks.

Chen et al. [61] proposed a social trust evaluation model in SIoT networks that takes
into account the interactions between owners of different objects. They identified three
main factors that influence trust: Social Contact, Friendship, and Community of Interest.
Friendship trust is based on the degree of closeness between the owners of two objects.
Social Contact trust is based on the frequency of interactions between the owners.
Community of Interest trust is based on the common interests shared by the owners. This
model also considers the resiliency of the system against opportunistic service attacks.
However, it does not consider different types of attacks and their potential impact on the
trust evaluation. This may limit the effectiveness of the model in protecting against mali-
cious objects or threats in the network. However, this study does not consider dynamic
environmental factors, which may be a limitation. Sharma et al. [62] proposed a model
that utilizes Fission Computing and edge-crowdsourcing network to evaluate trust and
privacy. This model uses a combination of theoretical analysis and numerical simulations
to evaluate the effectiveness of the proposed method using real data. Fission Computing
helps balance the load in the network, while edge-crowdsourcing network allows for the
evaluation of trust and privacy in a decentralized manner. This is the first model to use
Fission Computing and edge-crowdsourcing network for trust and privacy evaluation in
SIoT. The main advantage of this model is that it can effectively evaluate trust and privacy
in a decentralized manner, which is essential for large-scale SIoT networks. Truong et al.
[63] proposed a comprehensive approach for assessing trust in SIoT, which encompasses
all components of the system. They developed a smart platform that evaluates trust ser-
vices within the network, comprising three key elements: Reputation, Recommendation,
and Knowledge. The Reputation aspect is based on user feedback, where the trustworthi-
ness of an object is evaluated based on factors such as QoS, response time, and reliabil-
ity. The Recommendation aspect is based on user recommendations to trust or distrust
an object. The Knowledge aspect is based on the default knowledge of each object. The
authors also used a car-sharing service use case to demonstrate the implementation and
effectiveness of their approach. This approach is a holistic one, and it considers multiple
factors and perspectives to evaluate trust, which makes it more reliable and accurate.
Table 9.5 shows recent works related to the trust model.
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TABLE 9.4  Available Dataset of SIoT

Serial No Dataset Name Company Types of Features Link Address
1 SIoT dataset University of Complete database ~ www.social-iot.org/
Cagliari
2 SNAP Bright light Location based www.snap.stanford.edu/data/
loc-brighligth
3 MIT Data mining on Community based http://Realitycommons.media.
human mobility mit.edu
CRAWDAD Cambridge/haggle  Object relationship ~ Crawded.org/Cambridge/haggle
5 CRAWDAD Upb/hyccups Social interaction Crawded.org/
keyword-socialnetwork.html
CRAWDAD Cmu/hotspot Location based Crawded.org/cmu/hotspot/
7 SNAP Facebook Social circle http://snap.stanford.edu/data/

egonet-Facebook.html

TABLE 9.5 A Comparison between Trust Articles with Details

Article Strength Weakness Main Topic New Idea
[51] High efficiency, No evaluation on Trustworthiness New dynamic trust
adaptability, and the direct trust type ~ management in the social ~ model
reliability IoT
[60] Model suitable to Not consider all Based on guarantor and Guarantor and
detect misbehaved main trust aspects reputation-based trust reputation-based
objects mode trust model
[57] High scalability and Limited to Trust management and Not mentioned
performance opportunistic service composition for
service attacks SOA-based IoT and its
application
[62] Maximum availability =~ Not mentioned Edge-crowdsourcing in Edge-crowdsourcing
Low complexity SloT in SIoT
Minimum integration
cost
[63] Improving trust Not any simulation Trust service platform for ~ Trust service
evaluation tool and implement ~ SIoT platform
High adaptability an approach

9.10 WEB SERVICES

The main process for developing web services in recent technologies enables a system when
a particular service is requested from the object until a smart object responds to it. The
main procedure is further divided into three different sub-sections including service com-
position, selection, and composition. Composition is a process in which different social
objects deliver the required services needed for the social object. This is done by comparing
the characteristics of the objects with the requirements of the service request and select-
ing the object that best meets the requirements. Service selection finds the appropriate
service matching the requested services. Service selection is a critical step in the web ser-
vices process, as it ensures that the service provided is of high quality and meets the user’s
needs. Service composition is combining different services from different objects to offer
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an appropriate response to requested services. This is done by combining the capabilities of
multiple objects to create a new service. Service composition ensures that the service pro-
vided has the desired quality of available service, functionalities, and feasibility. A single
service cannot meet all objects’ needs, and therefore, combining different services can pro-
vide a better solution to the user’s request. In short, these all submodule plays important
roles in the SIoT environment. This process is crucial as it ensures that the service provided
is of high quality, meets user’s needs, and provides better functionalities and feasibility.
Different authors have proposed different types of service composition models, and here
we discuss some recent developments in the direction of web services and services discov-
ery (Figure 9.3).

Kouicem et al. [64] proposed a dynamic framework for service selection and compo-
sition in the SIoT based on a multi-agent dynamic structure that is implemented in the
cloud computing paradigm. The framework uses large-scale methods to enhance system
performance and improve QoS and other contextual metrics of service composition and
selection. The multi-agent system is responsible for handling all the important operations
of the network. To support these important operations, the authors implemented three
different algorithms: plan generation, best selection, and updating QoS metrics after selec-
tion execution. The evaluation of their approaches was done in comparison to three simi-
lar approaches and studied the flexibility, scalability, and adaptability of their approaches.
However, it should be noted that the framework proposed by Kouicem et al. [64] did not
consider any models, and there is no exact statistics provided for the QoS evaluation met-
rics used in the study. Chen et al. [65] recommended a distributed structure for different
operations based on object interconnections with each other based on three-dimensional
structure and RESTful. Butt et al. [37] developed a context-aware protocol for service in
SIoT, which aims to improve the main factors of service discovery such as reducing service
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FIGURE 9.3 Web services process from request to response.
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request delay, network stability, packet overhead and energy consumption. The proposed
protocol, called Trendy, utilizes an efficient discovery technique along with a context-aware
selection mechanism for IoT web services. This approach aims to increase the efficiency of
service discovery by reducing the number of packets in the network, thus improving net-
work scalability. Additionally, the protocol is designed to minimize the delay in service
invocation and energy consumption during the network life cycle. Overall, this protocol
aims to provide an efficient and effective solution for service discovery in IoT environments.
Wei and Jin [66] proposed a concept of “contextual similarity” to measure the similarity
between services and context information, which can be used to improve the accuracy
and effectiveness of service discovery in IoT. They also proposed a context-aware service
discovery algorithm that utilizes the contextual similarity concept, which can improve the
matching between services and context information.

Furthermore, they evaluated the proposed context-aware service discovery algorithm
using a simulated dataset and demonstrated that it can significantly improve the efficiency
and effectiveness of service discovery in IoT. However, it is worth noting that this study
does not provide any real-world evaluation or experimental results to validate the pro-
posed approach. Xia et al. [67] proposed a service discovery mechanism called Scalable and
Lightweight Service Discovery for SIoT that aims to improve the performance of service
discovery in terms of three main metrics: success rate of queries, average path length of
searches, and average number of relay nodes. The goal of SLSA is to provide an efficient
and secure way of discovering web services in a large-scale network. The authors com-
pared SLSA with three other mechanisms and evaluated their performance by classifying
web services into 50 different subgroups, each containing 10 types of specific services.
The results of the evaluation showed that SLSA has a higher success rate in queries, more
energy effective in terms of the average number of relay nodes, and a shorter average path
length of the discovery process compared to the other mechanisms. Additionally, the
authors pointed out that SLSA’s evaluation is based on a dynamic behavior in a large-scale
network, and it can address resource limitations in SIoT. This study is significant as it pro-
vides a comprehensive evaluation of SLSA’s performance and demonstrates its effective-
ness in addressing the challenges of service discovery in SIoT. Reference [68] proposed a
DNS-SD approach for discovering different web services for resource-constrained devices
in SIoT environment. The proposed approach is based on combining three different proto-
cols, known as uBonjour, to improve interoperability between different devices to discover
desired services within the network. The main advantage of this approach is to promote
the concept of service discovery process. However, they did not mention any possible flaws
or limitations of the proposed approach in their study. Additionally, their implementation
testbed is relatively small, and it would be beneficial to test the approach in a more exten-
sive and realistic environment.

In addition, further investigation should be conducted to assess the scalability and
robustness of the proposed approach in a large-scale IoT network. Reference [69] proposed
an efficient method for sharing resources and selecting the appropriate objects to deliver a
service based on QoS criteria in SIoT. They use a programming approach to develop their
approach, and the strength of this study is its high level of flexibility in resource sharing.



180 m Future Communication Systems Using Al, loT and Data Science

However, they do not fully address the entire system in terms of QoS and leave it as a future
area of research. The proposed solution aims to optimize the use of resources by consider-
ing the QoS criteria of the services and the devices, which leads to improved performance
and better user satisfaction. Furthermore, the study highlights the importance of secure
communication in resource sharing and selection in SIoT, which is a critical aspect to con-
sider in the development of IoT systems. Reference [70] proposed an energy-efficient ser-
vice composition method for SIoT services. This approach aims to minimize the number
of different web services, which are very important to handle energy consumption for SIoT
devices while satisfying all user requirements. A strength of this research is the high per-
formance and energy efficiency as compared to other approaches; however, it does not take
into account the security aspect of the service composition method. Reference [71] pro-
posed a new algorithm for service composition that utilizes recommendation-based IoT
services to meet the needs of users. They implemented a Typed Attribute Graph framework
to recommend available services in IoT network, making it easier for smart objects to com-
municate with one another. A key aspect of their study is the use of an efficient algorithm
to calculate service signatures, allowing for seamless service interactions. However, they
did not perform any simulations to evaluate the effectiveness of their approach. It would
be useful to have some form of simulation or testing to understand how well the proposed
approach performs in a real-world scenario. Reference [72] proposed an approach using
Genetic Programming along with a greedy search algorithm for web service composi-
tion. They tested their approach using built real test bed scenarios such as WSC-2008 and
WSC-2009 to evaluate their performance. They compared their proposed approach with
GP-based algorithm without greedy search implementation and found that the proposed
method is more accurate and efficient as compared to that without a greedy search algo-
rithm. The proposed algorithm also evaluated the approach in both dynamic and static
environments.

9.11 ARCHITECTURE AND CLOUD-BASED SYSTEMS

In recent years, several architectures have been proposed to effectively implement the con-
cept of Social Internet of Things (SIoT) across various domains. Some of these architec-
tural models are discussed in the section below.

9.11.1 Computation Domain in SloT

In the last decades, the development and significance of cloud computing have drawn the
attention of researchers. Besides all these, the increasing number of connected devices and
their access to connect to the high speed networks also increase the utilization and advan-
tage of cloud computing [73]. Recently, cloud computing technologies have been widely
applied due to high flexibility and cost-efficiency in which different computing and other
computational resources work in a centralized manner.

To this, several different cloud-based computing paradigms have been proposed. In
SIoT, there are a large number of heterogeneous devices sending their sensed data to the
cloud for computation and different operations. The main goal of cloud computing is to
provide a centralized location for computation which is accessed through internet [74].
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Some of the other advantages of using cloud computing are being cost-effective and having
high security, reliability, and high scalability [75]. Besides these advantages, cloud comput-
ing is not suitable for developing real-time applications because these storages are far away
from the user’s devices and have a WAN delay/latency [76,77].

This section reviews the latest cloud computation paradigm and Edge computing
invested for the mentioned projects. In V. Doctor project, Cloud-based solution is pre-
sented in which unlimited requests from patients are handled.

In Ref. [78], scalability is improved by using cloud as there are a large number of simul-
taneous search queries from different devices. In Ref. [79], the author developed a smart
home based on SIoT to optimize the energy usage of the building. There are other methods
for energy management but in this chapter, the author developed a user-centric approach
while keeping the comfort level on first priority. In this project, a social virtual object is
created, which represents a real-world object in the cloud. Different sensors are deployed,
which send data to the cloud-based server (Lysis Platform).

In social beach application [80], the concept of SIoT was used to find the best-ever beach
according to user preference. This system consists of a control unit along with ultraviolet
sensors, sensor for humidity detection, mobile devices, beach station, and camera device
for crowd estimation using a combination of support vector machine and computer vision
algorithms. First, data are collected from these devices and then send the data to the
cloud-based server (Lysis Platform) where information about the beach and user preference
is estimated, and the users are informed about the nearest beach according to their choice.
In smart office project [81], social objects are organized by their location and their services.
Their services are treated as their operations. In smart office, they used the Xively Platform
1 as the cloud server, which is a real-time network. In that platform, data can be exchanged
using the standard REST protocol. In Airport Dynamic Social [82], a cloud-based system
was developed, which enables the end user to interact with the smart objects in the airport,
i.e., sensors installed at check-in for airport counters, boarding gates, flights information,
and other services within the airport. Additionally, the developed application aims at aid-
ing from Internet Protocol version 6 in order to show the effectiveness of the proposed
system by adding several heterogeneous devices in a smart space. In Ref. [50], the author
proposed a smart home solution based on the concept of SIoT and Edge computing. Edge
computing [83] is a powerful and dynamic technology offering a high speed computation
and storage facilities at the edge for developing real-time applications. In this application
[50], a smart environment is created as a proof of concept, specifically for managing and
recovery in a dangerous situations. In MagicHome application [33], the author proposed
a cloud-based approach for developing a smart home application based on the concept of
SIoT. In this application, different sensors are deployed at different locations in the home
which continually sense environmental parameters and send it to the centralized domain.
The author in Ref. [84] developed two different applications, namely, Vehicle Diagnosis
System and Smart Parking based on the concept of SIoT. In these applications, data are col-
lected to a cloud-based server for car diagnosis services and vacant parking location infor-
mation. The application enables the owner to monitor the Engine Control Unit parameters
and can be viewed via a webpage available from a personal computer and other networking
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devices or even other rendering devices in the car. Similarly, in Smart Parking application,
information is provided to the users about vacant locations. In these applications, the data
are first sent to cloud-based platform (Lysis) where these data are processed.

9.11.2 Application Domains of SloT

There are several application scenarios where heterogonous devices are involved in build-
ing social relationships among them. Several types of relationships can be established
according to the nature and context of interactions [85]. In this section, some of the use
cases of implementing socialized concepts in IoT are discussed. Healthcare domain is one
of the most important aspects of human life.

Nowadays, SIoT has gained much attraction in healthcare domain [86]. In healthcare
domain, it is necessary to sense and receive information about elder persons’ health when-
ever they suffer from some diseases. Some of the solutions based on SIoT are developed. In
V.Doctor solution, a framework is introduced to integrate the concept of SIoT and E-health
for monitoring elderly persons having some diseases [87]. This system keeps monitoring
the object’s health and provides medical guidelines and can discover the right persons who
can help them in critical situations. In healthcare domain, another SIoT-based application
called Elder Monitoring System based on SIoT has been developed. In this application,
physical and environmental data are collected and sent to the right person [88]. The pro-
posed system has been designed in such a way that new social services and social devices
can be easily integrated and removed from the networks. In this system, heterogeneous
devices having different architectures and protocols can directly share data that fulfill the
SIoT requirements. Similarly, the physical layered aided projects in which social networks
are employed as a trustworthy platform for sharing the data of patients to the healthcare
providers. As patients” data are highly private and confidential to the patients, the author
[89] introduced security techniques for protecting this secure information in the SIoT sys-
tem. This paper introduces two different solutions for healthcare that classify heart disease
and the second for brain tumor classification and identification. The result shows the effec-
tiveness of the SIoT application in healthcare domain. In Ref. [90], the author proposed a
system called FriendCare-ALL for elder person monitoring. In this application, socially
enabled IoT devices are created and deployed in a smart environment, especially in smart
home scenario applications. Human activities of elder persons are monitored, and when-
ever any abnormal activities occur, the developed system generates an alarm. To improve
the detection of abnormal activities, two different ML algorithms were also used to cor-
rectly identify the fall activity of the elder person.

Intelligent transportation is another important domain in which IoT plays an impor-
tant role [91]. Number of vehicles are increasing every day, which leads to an increase in
traffic, accident, and air pollution. There IoT can be efficiently employed to solve these
mentioned issues. In this regard, the concept of IoV has evolved [92], and its different
social variants have been investigated in Ref. [93]. Indeed, SIoT is introduced in the ITS
domain to improve traffic management and road safety systems. To improve the existence
of ITS, research in the field of how to integrate the concept of SIoT in the field of ITS and
different research projects are created to improve the ITS systems. SIoT is applied in the
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Vehicular Social Network project for the interaction of vehicles and raising the level of
driving knowledge [94]. Similarly, in tNote project [36], an SIoV based on Vehicular Ad
Hoc Networks has been proposed. In this system, users (vehicle) share their information
with other vehicles. In Ref. [84], the author developed two different applications based on
SIoT in the SIoV domain. The first application is a Vehicle Diagnostic application, which
allows vehicle owners to access information about their vehicles through a proposed SIoV
platform. This application enables users to monitor various Engine Control Unit param-
eters, such as engine revolution speed, vehicle speed, and oil temperature, through an
onboard unit. This information is then made available to other social objects via a web
page, a smartphone application, or even the vehicle’s own display. The second application
is a Smart Parking application, which demonstrates how SIoV applications can be used
to share important information about car parking spaces in a smart city. In this applica-
tion, social relationships are created among social vehicles and smart parking locations
to share alerts about the availability of free parking spaces. Only registered vehicles can
access information about free parking locations by creating a social relationship, allowing
users to make informed decisions about where to park at a given time. SIoT can improve
the quality of life by providing smart services and applications such as these.

Smart Place is a concept where the use of IoT devices and advanced applications is applied
to improve the life standard [95]. Smart building has various capabilities [94] as compared
to other traditional buildings including safety, temperature control, etc. Several projects
employed the concept of SIoT in a smart place to enhance the existing system. One solution
based on SIoT was proposed by Ref. [51], which aims to study the security issue, large-scale
heterogeneous device management, friendship discovery, and trust in large-scale smart
environment. In this SIoT-based project, a new middleware layered is introduced to effi-
ciently manage the heterogeneous devices and mobility model of the devices in any smart
environments. In Ref. [79], the author efficiently applied the concept of SIoT paradigm
for a Smart Heating, Ventilation, and Air Conditioning system, which is used to develop
a tradeoff model for energy being consumed, and the thermal comfort of users inside a
building is achieved. In Ref. [79], the author first developed the thermal profile of the con-
sidered building which is being characterized and also other parameters such as external
environment and room occupancy. From the simulation results, the implemented system
can reduce energy costs as compared to other traditional methods while keeping the user’s
comfort levels and needs. In order to ease interactions and context awareness among differ-
ent sensors and actuators, the concept of SIoT is applied. In Ref. [96], the author proposed
an SIoT platform for the detection and identification of vacant space in smart car parking.
In this system, a platform called Lysis [49], which is a cloud-based platform, is used to
create a virtual object in the cloud, which is involved in the real world for smart parking.
Magnetometer was used to detect the vacant space in the car parking, and a control dash-
board was designed to manage the vacant car space in the smart car parking. Experimental
testbed along with an android application was also implemented to prove the effectiveness
of the proposed system. In Ref. [97], the author proposed an SIoT platform for the monitor-
ing of the sea and providing meaningful information to the visitor. In this system, a small
buoy was created to be placed on different positions at the sea which are integrated into a
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cloud-based platform for managing and information to the visitors. Another SIoT-based
beach monitoring system was proposed by Ref. [80]. In this system, the concept of SIoT was
used to find the best beach according to user preference. This system consists of a control
unit along with ultraviolet sensors, sensor for humidity detection, mobile devices, beach
station, and camera device for crowd estimation using a combination of support vector
machine and computer vision algorithms. Also in this system, local environmental data
are collected using these sensors. Data from those devices are sent to a cloud-based plat-
form that provides users about the beach and suggestions about where to go based on the
preferences set by the users. These preferences are weather information, total time taken to
reach a beach, crowdedness information, and so on.

In Ref. [81] the author developed an SIoT-based smart office environment in which dif-
ferent social objects are categorized based on their dynamic location. In this application,
social objects are organized by their location and their services. Their services are treated
as their operations. In this paper, the author has used the Xively Platform 2 as the cloud
server, which is a real-time network. In that platform, data can be exchanged using the
standard REST protocol. In Ref. [82], an application is provided for smart airport, namely,
Airport Dynamic Social. The aim of the developed system is to allow users to directly
interact with all available social objects and their smart services in smart airport. These
social objects and smart services are different sensors at different sections within the air-
port. Additionally, this application takes benefits from IPV6 in order to cope with several
heterogeneous devices in a smart space as well as to manage resource-constraint devices.
In Ref.[33], the author developed and deployed an SIoT-based smart home solution called
MagicHome. This application was based on the Social Web of Thing Framework, which
relies on the Social Network and Restful Web Service. In MagicHome, there are lot num-
ber of sensors deployed for sensing purposes. In this application, a social agent posts their
sensed information to other social things who are friends, follow new feeds, and chat with
other social objects. In short, MagicHome is a society whose members are the different
social devices having their own social networks? In Ref. [50], the author developed a proj-
ect based on SIoT concept called iSapiens. ISapiens implements the concept of SIoT that
allows objects to establish social relationships to handle emergency (Table 9.6).

9.12 SloT CHALLENGES AND OPEN ISSUE

There are billions of smart devices, which are expected to be connected to the internet hav-
ing different architecture and nature. In the SIoT environment, social objects can create
a relationship with other social objects having different mobility models and nature. At
present, the SIoT is still very immature and is at a very early stage of development. Due to
the dynamic nature of SIoT, there exist some challenges that should be considered while
developing an SIoT application. Some of these challenges are as follows.

9.12.1 Heterogeneous Devices

In the SIoT environment, there are many devices like sensors, actuators, computer system,
personal devices, RFID devices, and other connecting devices that communicate with each
other regardless of their underlying environments and their operating platforms. In real
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TABLE 9.6  Application Field of SIoT in Different Areas

Project Domain Publisher References Computation Domain
V.Doctor Healthcare IEEE [78] Cloud based
Elder monitoring system Healthcare IEEE [88] Not mentioned
PHY Aided Healthcare IEEE [89] Not mentioned
Social Home Smart place IEEE [79] Cloud based
Smart beach Smart place IEEE [80] Cloud based
Smart office Smart place IEEE [81] Cloud based
Social airport Smart place Elsevier [82] Cloud based
iSapiens Smart place IEEE [51] Edge based
MagicHome Smart place ACM [33] Not mentioned
TNote Intelligent Traffic Elsevier [84] Cloud based
Social IoV Intelligent traffic Elsevier [37] Cloud based
SIoT based smart parking Intelligent car parking Elsevier [96] Cloud based
Sea monitoring system Monitoring system IEEE [97] Cloud based

time, the interoperability of these heterogenous devices is a challenging task. The data
transferred from each device have their own formats according to their underlying archi-
tecture and operating system, and it is very difficult in such an environment to manage,
analyze, and process these data for decision-making.

In the SIoT environment, the total time taken by the social objects to communicate with
each other and to understand each other in such heterogenous environments also degrades
the overall performance of the system. In the SIoT environment, different smart objects
and humans as an entity should interact in a machine and human-friendly manner. In fact,
there is no total interoperability for diverse devices architectures of different mechanisms
that exist for IoT which effect the development of SIoT applications [18,98].

9.12.2 System for Dynamic Friendship Management

Atzori et al. [12] suggested that social objects can create social relationship with other
objects in a dynamic way for service discovery. However, the proposed system does not
support dynamic relationship in such a dynamic way. Most of the objects require dynamic
object selection for information retrieval, and objects need to have the ability to assume new
with other social objects. Reference [99] used semantic web ontology to establish a social
relationship for efficient service acquisition and provisioning. Other such social relation-
ship types should be established to achieve multicast features and classified results. There
is a need for some strategies that focus on the development of relationship for the specific
task, gaining better services and selecting a friend that improves the network navigation.

9.12.3 Optimal Link Selection Strategy

Dynamic discovery of services in the SIoT network is one of the most critical issues. This
has arisen due to the fact of Friend of a Friend approach for the service discovery. However,
this greatly increases the search time because each object searches all the friends of other
social objects. Therefore, finding a solution for the link selection problem in the SIoT needs
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to be addressed. For this, Ref. [100] proposed an enhanced link selection algorithm based
on the application of a genetic algorithm [101].

9.12.4 Data Handling and Data Management

In SIoT, several heterogonous devices (social objects) continuously send their sensed data
to other social objects in their own formats. In real time, it is very difficult to filter these
data, to process these data, and to produce output for the end users. Semantics of the
data should maintain reliability, validity, integrity, consistency, and sensitivity [18]. There
should be a dynamic mechanism to handle these dynamic data and to manage these data
in such a way that it increases efficiency and reduces redundancy among social devices. In
the SIoT environment, when the social object performs multiple tasks at a single time, the
SIoT system should remain effective in an efficient way [18].

9.12.5 Energy Consumption Management

In the SIoT environment, when a social object is deployed, it is very difficult to change
the batteries of these devices without degrading the performance of the whole system,
especially for different sensors that are already deployed in the field [98]. There are several
challenges while deploying sensors as they need maintenance time by time.

9.12.6 Trust Management, Security, and Privacy

As in the SIoT environment, there are different social nodes that make relationships with
other social nodes in friendly ways. This interaction in a social way poses different security
and privacy issues. In such scenarios, many different questions arise such that:

« What will happen to the collected data if it is not used by other social objects?

» What degree of privacy is maintained while creating social relationship with other
social nodes?

« How trustworthy the collected data are?

In the SIoT environment, issues related to privacy and trust arise as there are specific rules
to which the social object should interact with other social objects because of security con-
cerns that arise when data are freely accessed between devices.

9.12.7 Network Navigability

In SIoT applications, social objects offer their services, and these services are required of
other social objects who are friends using their friendship circle in a distributed way. As
in SIoT, there are large number of social objects connected to each other, and every object
has a large number of friends making it difficult for other social objects to search a specific
service. This process slow down the network performance [102]. Network navigability is an
important research issue in SIoT that should be considered while developing SIoT-based
applications. Some of the research works were done in Ref. [102] in SIoT for improving the
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network navigation which can serve as a reference model for network navigation in SIoT,
but still there is a need for an efficient navigational scheme.

9.13 CONCLUSION

In few last decades, the number of smart objects connected to the internet grows exponen-
tially. Social Internet of Things is a new paradigm by which different smart objects have
become social objects and created social relationship with each other and with their owner.
This chapter has reviewed the latest papers regarding the development of Social Internet
of Things, types of relationships, different platforms and SIoT architecture, and applica-
tion of SIoT in different domains. Finally, we have discussed several challenges and issues
regarding SIoT.
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10.1 BACKGROUND

Software-Defined Networks (SDN) and the Internet of Things (IoT) are two cutting-edge
technologies. SDN provides network management orchestration by isolating the control
plane from the data plane, while the Internet of Things tries to connect things through the
Internet. There are billions of linked objects, making governing and controlling these dif-
ficult over an extensive dispersed network. SDN adds programmability and flexibility to
the IoT network without interfering with existing solutions’ underlying architecture. The
IoT will not exist without software-defined networks. SDN virtualizes IoT networks at a
cheap cost, enabling autonomous bandwidth allocation, device reconfiguration, and traffic
rerouting to increase efficiency and simplify operations [1].

In recent years, cloud computing has been considered one of the most recent and emerg-
ing computing systems. Cloud computing, like numerous other technologies, originated
from methodologies utilized by distributed systems and utility computing [2]. Distributed
systems enabled capabilities like scalability, parallelism, continuous availability, hetero-
geneity, and fault isolation to fulfill the requirement of efficient and effective exploitation
of shared resources across networks. Despite this, issues such as poor resource allocation
and use across various administrative domains or organizations occurred [2]. To tackle
this problem, the concept of grid computing was proposed, with the goal of offering a
framework that solves the challenges that traditional distributed systems face in regard to
scalability, resource heterogeneity, collaboration, policy-based management, and dynamic
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provisioning [3]. Cloud computing is frequently referred to as the “successor of grid com-
puting” [4]. Virtualization was launched about 40years back as a result of advances in
research in collaborative computing. It refers to the process of constructing a virtual layer
on top of hardware that enables users to run numerous instances on the hardware at the
same time. Virtualization is a fundamental cloud computing technology that serves as a
foundation for major cloud services such as EC2 from Amazon [5]. Virtualization pio-
neered the way with functions that operated as intermediaries.

10.2 INTRODUCTION

Before we begin the survey of SDN in cloud computing, we explain the fundamental his-
tory of SDN in Section 10.2.1, the addition of SDN in cloud computing in Section 10.2.2,
the basic architecture of an SDN network in Section 10.2.3, and example applications of
SDN in cloud computing in Section 10.2.4. Section 10.3 summarized related works, while
Section 10.4 gave a survey study of them. Section 10.5 discusses this chapter conclusion
and potential future research.

10.2.1 History of Software-Defined Networking (SDN)

Following the boom in surfing the web in the 1990s, network operators and researchers
worked together to make existing networks more manageable by making them program-
mable. As a consequence, the Defense Advanced Research Projects Agency (DARPA) of
the United States developed the concept of Active Networking in the mid-1990s, which
gave an innovative programming interface to manage a network. This was a “clean slate”
approach since it addressed the challenges that the network’s operators encountered at
the time [6]. It allowed network designers to create control planes, which are the control
software and network hardware components that are used to manage the behavior of the
network transport system. Although active networking was a promising concept because
it reduced computing costs, enabled network experimentation, and allowed service pro-
viders to deploy new network services as needed, it did not garner much interest, was not
adopted, and wasn’t worked on extensively because it did not provide a pragmatic and
compelling deployment path [7].

During the unprecedented surge in Internet traffic volume in the early 2000s, network
performance and predictability necessitated numerous changes. Network debugging setup
issues, as well as regulating and forecasting network routing behavior, become extremely
difficult. This was owing in part to conventional switches and routers’ rigorously speci-
fied interfaces and protocols across the control and data planes. To address these issues,
researchers undertook research on separating the data and control planes, which was even
recommended in active networking models [8]. Recent development has mostly focused
on rendering the control plane more programmable, rather than on the data plane, in
order to make network managers’ lives easier. ForCES (Forwarding and Control Element
Separation), an open interface method put forth by the Internet Engineering Task Force
(IETF) [9], standardized the simplicity of management between the data and control
planes. The industry’s demands for protocols and technologies to manage the expand-
ing breadth and size of the networks they operate with ease led to more research on the
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separation of data and control plane, which in turn proved to have served as a stimulus
for that research. Although it solved many of the issues that the network operators were
facing at the time, ForCES along with other APIs were not widely implemented because
they placed significant limitations on the amount of functionality that a programmable
controller could provide. It did not provide a wide variety of capabilities including altering,
flooding, and discarding packets for an extensive variety of protocols (like TCP and UDP
protocols) and header field contents (like IP and MAC addresses). Further innovative tech-
niques were however made possible by the concept of splitting the control and data planes
through an open interface [7].

Notably, the Ethane project worked on a logically centralized controller that would
maintain the global network policy that would regulate all incoming and outgoing packets
in the mid-2000s, further investigating the control plane interface [10]. It is composed of
switches that connect to the central controller and store basic flow tables. Upon receiving
data packets, switches transmit them to the controller, which has the authority to authorize
them. The establishment of the current OpenFlow API was made possible by the accom-
plishments of the Ethane project. OpenFlow enabled fully programmable networks and
presented a workable solution for enabling real-world implementation, thereby addressing
the shortcomings and constraints of the previous approaches. By adding new features and
enhancing the capabilities of the switch gear already in place, it made their lives easier [7].
The idea of implementing OpenFlow in an intranet on a college campus to improve its
programming was first proposed by a group of researchers from Stanford University [11].
The study’s objective was to determine the OpenFlow protocol’s capabilities by testing it
on networks that spanned several schools as well as a single campus. Software Defined
Networking, often known as SDN, was gradually implemented in networks other than
campus networks, like a data center network, after the usefulness of OpenFlow was seen.
When network designers realized that it was less expensive to source proprietary network
software for commodity switches than to buy custom switches that required to be fre-
quently renewed since they couldn’t run the newest capabilities offered by suppliers, SDN
reduced operating costs. SDN is the required paradigm that provides a programmable
interface through which developers can construct software that can manipulate routing
and access control features [12].

10.2.2 SDN in Cloud Networks

Since its launch, cloud computing has been the actualized and concrete manifestation of
resource sharing on demand. This new paradigm combines the ideas of virtualization,
connection, processing power, and storage to share computing resources across the inter-
net [13]. It is an established, dependable, and well-developed method that gives users access
to servers, storage, processing power, apps, and services in accordance with their needs. So
avoiding the enormous expenses and overheads that would arise from buying the entire set
of hardware and processing power.

Many organizations, including universities (Teesside University, University of Sydney,
and Middlesbrough College), the healthcare industry (National Health Service), the bank-
ing industry, a number of businesses (Google, IBM, Alibaba), and social media platforms
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(Facebook), have adopted and invested in cloud computing due to its many benefits [14].
These companies changed from using traditional networking models to cloud computing
models by leasing services from cloud service providers.

Cloud service providers oversee various enormous data centers with a vast number of
servers connected to a network that is controlled by a multitude of switches and other
devices [15]. Although these data center networks are dispersed among several physical
locations, they are all connected to create a single cloud network. Every server makes avail-
able processing power in response to user requests.

Since so many switches and routers are utilized in data centers, setting up and maintain-
ing these networks may be very complicated. Furthermore, because the control logic and
data planes are grouped inside the devices, they function as separate autonomous systems
and decide on their own routes [16]. Consequently, every switch and router on the network
needs to have its configuration changed if any changes are to be made. This conventional
networking method exacerbates the already expensive network design and damages the
network as a whole.

To counteract the shortcomings of the conventional network method, cloud data center
networks began implementing Software Defined Networking (SDN). SDN makes network
administration easier by converting switches and routers into forwarding devices and
eliminating the clustering data planes and control logic. As previously said, SDN imple-
ments a logically centralized controller that oversees all network forwarding elements,
separating the control plane from the data plane. Since the controller is software-based, its
underlying network functions are abstracted [17]. Because SDN is flexible and allows net-
work operators to dynamically alter network traffic, it is ideal for cloud computing. SDN
can be advantageous to a cloud computing architecture because it offers a global view of
the cloud’s data center network, dynamic workload balancing, and network security and
virtualization through its programmable interface.

10.2.3 The Architecture of SDN Clouds

Let’s start our explanation of SDN in cloud networks with a quick rundown of its design, as
shown in Figure 10.1 below. A variety of SDN-enabled cloud architectures, like Meridian,
have been proposed in numerous research articles [17-19]. Nevertheless, we shall outline a
condensed form of the entire architecture, which is made up of the following parts:

10.2.3.1 Network Application Layer

The network application layer, represented as the top layer in Figure 10.1, is home to the
SDN applications and modules that either directly interact with the network or control
it via the controller. It does access control, traffic management, optimum path configu-
ration, debugging operations, and features and applications like Volume Based Billing
(VBB), Volume Based Controllers (VBC), Service Load Balancers (SLB), Firewall (FW),
and Quality of Service (QoS) nodes. Additionally, it serves as a conduit via which any busi-
ness can use an application provisioning process to automatically assign suitable network
settings, like firewall traffic rules [18].



The Role of Software Defined Internet of Things (SDIoT) m 197

ACC‘:SS cca"‘)l
Network application layer
Debugging
operations

| SDN controller | Control plane
Management of shared resources
Data plane

Non-SDN interoperability

FIGURE 10.1 Architecture of an SDN network.

10.2.3.2 Control Plane

The SDN controller makes up the control plane. As illustrated in Figure 10.1, it is the logi-
cally centralized controller previously discussed that sits beneath the network application
layer. Applications are served by the controller, which computes paths for packets to follow
based on their routing algorithms, network-wide topology views, and device configura-
tion. It also maintains each node informed of any changes in the availability or lack thereof
of any network link and orchestrates the various commands generated by the applications
[18]. It also does a number of other tasks after receiving packets from the layer above, one
of which is converting requests and instructions from the logical format created by the
application layer into a physical format. Since the apps use APIs to communicate with
the network, it is essential to appropriately translate these high-level commands for the
underlying network. Usually, the OpenFlow [11] protocol is used to enable the controller to
communicate with network devices. Some of the SDN controllers that are commonly used
and accessible are Beacon [20], OpenDayLight [21], Floodlight [22], and NOX.

10.2.3.3 Data Plane

Through thelast layer as presented in Figure 10.1 previously, which functions as an interface
made possible by drivers, plugins, switches, and routers, the controller can communicate
with network tools [23]. This layer manages shared resource management, interoperabil-
ity functions and decisions with non-SDN enabled networks, internal traffic processing,
external traffic forwarding, and shared resource management. The controlled utilized such
plugins and drivers performs the tasks of building, evaluating, and upgrading the network
through a global view, as well as assigning instructions to specific devices and gathering
network information [18]. Additionally, in a network with OpenFlow enabled, a controller
can configure the insertion rules for a switch. Every OpenFlow-based switch in the net-
work keeps flow tables up to date. It contrasts data packet header fields with those found in
its flow tables. If the header fields of the packets match, the switch chooses to route them
to the appropriate locations. If the header fields of the packets are not identical, the switch
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returns the packets to the controller, which decides whether to discard them or create a
new match field that is specific to each packet [24].

10.2.4 Application of SDN in Cloud Computing

Because SDN makes cloud networking possible, it has been employed in a variety of appli-
cations. The following section has covered a few of such facets:

10.2.4.1 Security

Distributed Denial of Service (DDoS) attacks are the most dangerous ones when it comes
to seriously jeopardizing the security of SDN-enabled clouds. The network is unable to
provide regular client service due to the enormous volume of heavy traffic. A Distributed
SDN Controller was suggested as a solution to this issue. A vulnerability study was con-
ducted to protect real-time cloud data centers against DDoS attacks. For the purpose of this
investigation, Open Daylight (ODL) and Open Networking Operating System (ONOS),
two well-known SDN controllers, were used in this report. DDoS assaults were launched
against the ONOS regulator and the ODL-3 node cluster regulator using various scripts.
The ODL 3-node cluster was shown to be superior to the ONOS regulator [25]. Similarly,
a hardware platform that speeds up packet processing in virtual switches and a security
cluster-based SDN controller that monitors and controls cloud networks were built and put
into place while testing the resilience and security of an SDN-enabled cloud. It was found
that the SDN controller cluster enhanced network strength in the event of an assault, even
in the face of extremely unusual network traffic. Switches with hardware acceleration per-
form well and fit in well with cloud systems. The highly accessible and secure SDN-enabled
cloud computing approach utilized in the integration of Open Stack and Open Daylight
was first presented in this research study [26].

Moreover, work on a DistB-SDCloud architecture was done to improve the security
of IOT apps that are cloud-enabled. They suggested a BlockChain (BC) architecture to
preserve and enable network security, integrity, privacy, and confidentiality. By combin-
ing SDN with BC, they came to the conclusion that response times, throughput, and CPU
utilization measures are secure even in the face of network attacks [23].

10.2.4.2 Virtualization

Blue Bird proposed a sophisticated network virtualization technique with excellent per-
formance for a minimally functional cloud service on Azure. In order to prevent severe
performance loss as a result of increased demand or scaling up, Bluebird uses a few
well-established specialized principles in the control plane, guaranteeing that the network
stays resilient and fault-tolerant. By incorporating route caching techniques, generalizing
and abstracting network interface devices, and severing the centralized controller’s func-
tions from the agents embedded in switches, these objectives are satisfied. The network
design can now be more flexible, scalable, and fault-tolerant thanks to this decoupling. By
observing data plane traffic, the research paper’s authors demonstrated how route caching
can reduce network latency [27].



The Role of Software Defined Internet of Things (SDIoT) m 199

10.2.4.3 SDN Controller Platform

In order to access cloud apps, users are typically required to establish a number of network
layer structures, including switches, subnets, and Access Control Lists (ACLs). A cloud
application network’s service-level model is supported by Meridian, an SDN controller
platform. By providing a way to effectively manage dynamic changes to the virtual network,
coordinate network duties across a large number of devices, and interact with numerous
cloud controllers, the architecture and implementation overcome those drawbacks [18].

10.2.5 The Importance of SDN in the Internet of Things

Software-defined networking, or SDN, is a major improvement over traditional network-
ing in the context of the Internet of Things (IoT) and provides several important benefits
(28].

10.2.5.1 Improved Control with Unmatched Speed and Flexibility

The need to manually configure a range of hardware components from various manufac-
turers is eliminated by SDN. Alternatively, network traffic can be managed by developers
through the configuration of an open-standard software-based controller. This approach
allows networking managers to select networking equipment with remarkable speed and
flexibility by utilizing a centralized controller to interact with several hardware devices
over a single protocol [28].

10.2.5.2 Network Architecture That Is Customizable

Network managers may centrally design network services and rapidly and easily assign
virtual resources to change the network architecture by using SDN. This feature allows
network managers to optimize data flow across the network based on requirements and to
give priority to applications that demand more availability [28].

10.2.5.3 Robust Security

SDN in the Internet of Things offers total network visibility, which gives a comprehen-
sive view of potential security flaws. As more and more intelligent devices connect to the
Internet, SDN performs better than traditional networking in terms of security advan-
tages. Operators can implement separate zones for devices with different configurations or
swiftly isolate compromised devices to prevent viruses from propagating throughout the
network [28].

10.3 LITERATURE REVIEW

The growing use of SDN-enabled cloud and cloud computing has been thoroughly
researched and developed in the last few years. The purpose of this review of the literature
is to give a broad overview of the academic publications and research projects that have

been done on the development and history of SDN in cloud networks. A critical analysis
has been conducted, as Table 10.1 illustrates.



TABLE 10.1  Critical Analysis of Literature Review
Title Author Contribution Security Virtualization Scalability of SDN
A taxonomy of Jungmin Son and A survey of SDN enabled cloud computing Yes Yes No
software-defined Rajkumar Buyya emphasizing on both the networking and
networking (SDN)-enabled distributed systems aspects of SDN and cloud
cloud computing [15] computing
A survey on SDN, the future Shiva Rowshanrad A survey on the use of SDN for cloud Yes Yes No
of networking [17] etal. computing focusing on various SDN
architectures, wireless architectures and
different approaches used in SDN-enabled
clouds
Cloud computing Siamak Azodolmolky A survey on cloud computing services centering Yes Yes No
networking: Challenges and etal. on Infrastructure as a Service (IaaS) while
opportunities for describing the challenges and opportunities
innovations [29] revolving around IaaS
technologies. SDN-based cloud federation has
also been explored
The road to SDN: An Nick Feamster et al. The history and direct evolution of No Yes No
intellectual history of programmable networks such as active
programmable networks [7] networks, the control and data plane, and
OpenFlow technology that laid the foundation
for SDN have been discussed
SDN orchestration Arturo Mayoral et al. This study focused on the evolution of No No No

architectures and their
integration with cloud
computing applications [30]

SDN. The target of this study is the review of
several SDN controllers and their respective
architectures
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A complete and in-depth analysis of SDN usage studies for cloud computing was carried
out by Jungmin Son and Rajkumar Buyya. The main foci of their analysis were network
virtualization and security, data center energy efficiency, and network optimization for
packet handling procedures. Furthermore, the QoS management techniques of an SDN
network were outlined and expanded upon based on several research instruments for
optimizing energy consumption, modeling, and utilization maximization. Their analysis,
however, lacked the literature necessary to close the knowledge gap between the state of the
art and cloud-optimized data centers, as well as their eventual autonomy [15].

Similarly, the control, infrastructure, and application layers are the three separate lev-
els that Shiva Rowshanra et al. used to characterize the SDN architecture. Lastly, SDN
research trends and applications were unveiled, including virtual data centers and mobile
and wireless networks [17].

Additionally, Siamak Azodolmlky et al. discussed interconnection issues and net-
work issues inlaaS, which are presently being resolved by current technology. This article
focused on virtual networking and cloud interconnection to illustrate the architecture of
Infrastructure as a Service (IaaS) and its increasing limitations. A collection of an SDN
architecture’s Application Programming Interfaces (APIs) was highlighted in order to
illustrate how ordinary network functions might be made simpler. An SDN-based federa-
tion that makes it easier for customers and service providers to choose a good cloud data
center for their needs was covered in the article. However, the scalability of this kind of
network was not investigated [29].

Similar to this, Nick Feamster et al. covered the history and development of program-
mable networks, including active networks, control and data planes, and recent technolog-
ical advancements that opened the door for SDN development, but they also covered all the
pertinent information regarding the ideas that were put forth at the time and the workable
solutions that made them a reality. The authors outlined a precise path that led from ear-
lier iterations of network architectures to the creation of SDN. However, since some of the
features and functions in OpenFlow are outdated and need to be improved, the limitations
of the protocols were also covered, including the need to transparently examine problems
before using them in SDN applications [7].

The evolution of SDN and contemporary logically centralized SDN controller technolo-
gies, like Generalized Multi-Protocol Label Switching (GMPLS), were the subject of Arturo
Mayoral et al’s study. GPLS necessitates coordination between multiple supervised and
regulated networks in order to offer third-party vendors highly manageable and open con-
nectivity solutions. To determine the possible benefits and drawbacks of the two designs,
they specifically contrasted the Application-Based Network Operations (ABNO) architec-
ture with a single SDN controller orchestration method. The problem of network coordina-
tion in multi-domain networks was thoroughly examined in this study [30], which covered
a wide range of technologies in the transport and control planes.

10.4 SURVEY ANALYSIS

Network architectures have become simpler as a result of the advent of SDN, according to
the analysis conducted for this study. The following are some of the talks of the examined




202 = Future Communication Systems Using Al, loT and Data Science

aspect: managing big datasets and capable of building extended models to successfully
solve the overfitting issue:

10.4.1 Increased Convenience

In contrast, there were few options for extending and growing a network in the past, and
cloud network and IoT management tools were scarce. Creating and configuring a cloud
network is now easier with the availability of programmable networks via interactive inter-
faces. In the past, in order to manage network load, specialized, custom switches had to be
made, which resulted in a high overhead of having to adjust every network device when-
ever something changed. But nowadays, specialized software is created that allows for easy
network reconfiguration and adapts those changes to the entire network.

10.4.2 Robust Security

SDN has improved a cloud network’s security, virtualization capabilities, and perfor-
mance while also making it much easier to plan, organize, coordinate, and govern network
resources. High levels of malicious traffic and DDoS§ attacks can be controlled and stopped
without endangering the cloud network’s ability to operate continuously.

10.4.3 Minimized Complexity

By separating the control and data planes, the aforementioned achievements have become
achievable and provide a transparent opportunity to simplify network architecture. SDN
de-clutters the complex web of network devices and protocols, multiple clients and their
differing needs, troubleshooting and configuration methods, network testing, and final
installations.

10.4.4 Research Gaps

But, additional investigation is required into the possibility of scalability for an SDN-enabled
cloud-based Internet of Things network. Because of the growing number of users connect-
ing to cloud networks and the increased need for resource sharing, cloud networks must be
readily scalable. Since any technical approach has drawbacks, further research and testing
are necessary to determine how scalable an SDN cloud architecture can be.

10.5 CONCLUSION AND FUTURE WORK

SDN is a fairly innovative network architecture on which numerous research and studies
have been conducted due to its novel approach to converting traditional networks into inter-
active programmable ones. However, there are still some aspects of SDN in cloud and IOT
networks that require more in-depth exploration such as experimenting with the resilience

of its security, its performance when operating with a non-SDN enabled cloud network, its
scalability with respect to the exponentially growing need for on-demand resource shar-
ing, and different implementations and architectures of SDN enabled clouds should be
compared and analyzed. Additionally, the use of Artificial Intelligence (AI) and machine
learning in an SDN-enabled cloud-based IOT networks could be further explored. With
the recent advancements in AI, cloud networks should also benefit from the opportunities
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made possible by AI algorithms. Hands-free features such as automatically selecting rel-
evant network protocols for an enterprise, self-regulating traffic management, autonomous
energy consumption detection mechanisms, and mechanized diagnostic attributes are
only some of the potential future research directions.

In this article, SDN used in cloud computing and IOT networks have been reviewed and
discussed. The essence of this article is the history of SDN and its use in cloud data centers
that form the cloud networks along with the architecture of SDN through its three layers
namely network application layer, data plane layer, and control plane layer. Additionally,
the applications of SDN in cloud computing and features for IOT networks are also men-
tioned, such as SDN security, virtualization, and various control platforms.
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11.1 INTRODUCTION

Recently, Internet of Vehicles (IoV) occupies an important place in research fields. This
research is linked with the development of the automotive industry and wireless com-
munication technologies. Nowadays, the use of vehicles is increasing rapidly, and this can
lead to road blockages. Consequently, the problem of traffic congestion intervenes and cre-
ates an imbalance in the flow of traffic, especially when vehicles circulate in specific areas
during peak hours. At that time, the number of cars exceeds the maximum capacity of
the roads. To avoid traffic congestion, researchers have developed connected vehicles to
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improve the action plans present in the automotive industry, and they also improve travel
by choosing the most optimal routes. Several researches on data processing and security
have been made in order to choose the best decisions to improve traffic in urban areas. The
use of the IoV has made it possible to control contact between vehicles and with the outside
world; thus, it plays an important role when collecting and processing data in an environ-
ment. Quality of Service (QoS) is mandatory in the design of connected vehicles [1,2].

This chapter is organized into the following sections. In Section 11.2, we present
an overview of IoV. Section 11.3 presents the challenges faced by connected vehicles.
Section 11.4 discusses IoV routing protocols. Section 11.5 illustrates the design of some
architectures that guarantee security and reliability during a communication exchange.
In Section 11.6, we describe the performance of using RPL under IoV system. We con-
clude in Section 11.7.

11.2 INTERNET IN CONNECTED VEHICLES

The Internet of Vehicles is developed based on the Internet of Things (IoT). The IoT is con-
sidered as a network of objects that are connected to the internet in order to obtain com-
munication and transfer information. The connected objects platform has become famous
and can be used in several areas of development and research. Among these domains,
we find the domain that focuses on IoV network. The latter processes vehicles that com-
municate with each other in different infrastructures. Subsequently, this type of vehicle is
developed toward connected autonomous smart vehicles. IoV makes it possible to facilitate
the infrastructure of intelligent vehicles and thus makes it possible to drive easily without
any human intervention by taking into account the security and the reliability of the com-
munication. It even allows you to analyze the road. Connected vehicles focus on research
and data collection using specific sensors that are embedded in connected vehicles. The
collected data deal with several important points like speed, location, road flow, and direc-
tion of movement.

Vehicle networks operate by following a layered architecture. The goal is to meet several
needs such as reliability, security, flexibility, and interoperability. The layered architecture
proposed by several researchers can be divided into three essential layers: A layer that
combines the physical layer and the data link layer, which is called the detection layer; the
network layer; and the application layer [3,4]

The first layer is the one at the bottom of the architecture. The latter is responsible for col-
lecting data using specific sensors. These data include the way drivers drive their vehicles,
and the state and flow of the environment. This layer initially makes it possible to detect
and collect data from vehicles present in the environment. Subsequently, these data are
converted into digital signals. And finally, the data are sent to the network layer. Among
the technologies that make it possible to detect information, we cite Radio Frequency
Identification (RFID) tags and wireless sensor networks. The second layer is the network
layer used to process data and transmit it to the upper layer. It also provides connectivity
and manages communication between vehicles. The third and last layer is the applica-
tion layer which provides storage and data processing and decision-making. This layer is
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FIGURE 11.1  The layered architecture of connected vehicles.

responsible for the management of the applications, the management of the final data, and
their security during the communication (Figure 11.1).

In recent years, the IoV platform improves transport and safety, reduces fuel use, and
also reduces the number of accidents on the road. Several researches are in progress, so
that this system is universal and it is integrated between hardware technologies and soft-
ware applications.

11.3 INTERNET OF VEHICLES CHALLENGES

Connected vehicles suffer from several problems, several challenges are put in front of
this type of vehicle. During the design of this type of vehicle, it is necessary to take into
account the variation in the number of connected devices in the vehicle, the state of the
environment or the road with regard to the flow of traffic which is generally unbalanced,
the reliability of the connection which allows the data to be disseminated in an optimal
time [5]. In this fact, the major challenge of IoV is to disseminate data from one vehicle to
another while ensuring reliability. Transferring information with reliability in a short time
allows real-time applications to be implemented for the IoV environment. These applica-

tions allow you to select the optimal communication paths in specific environments.

Also, while moving, vehicles in IoV are restricted to road topology, if traffic informa-
tion is available, it is possible to predict the current and future position of a vehicle, detect
nearby vehicles, and provide communication and continuous information transfer with-
out interruption.

IoV suffers from several difficulties, such as the mobility of the latter is high. Then, the
nodes are much more dynamic; the vehicles move with great speed and change their posi-
tions at every moment. This frequency of movement makes it possible to obtain a dynamic
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network topology. However, this high mobility often leads to loss of connection between
nodes [6] (Figure 11.2).

11.4 ROUTING PROTOCOLS IN loV

Routing is a mechanism that allows data packets to be transferred from one network to
another. Routing in IoV differs from mobile network routing; the routing algorithms that
occur in mobile are not available for application scenarios in vehicle networks. The big
challenge is to find the best architecture to reduce the delay when transferring data from
one node to another while ensuring good quality of service. Furthermore, the routing pro-

tocol must take into account the nature of the vehicle network topology, and it must be
able to overcome the obstacles of certain architectures and operate in a dynamic topology
that supports irregular connectivity. IoV is based on wireless technology to ensure com-
munication between different services and applications [7,8]. Topology-based protocols are
classified into three categories: proactive, reactive, and hybrid.

For the proactive protocol, the routing table is updated by the nodes by inserting the
information of new routes into the network. Hello packets are sent periodically to transfer
data to neighboring nodes. This effect creates substantial control overhead and limits the
use of available bandwidth.

For the reactive approach, updates are sent only when needed, which reduces control
overhead substantially. However, this approach still has overhead such as route mainte-
nance. The overhead created in the reactive protocols helps to discover the paths to send
the information.
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Hybrid protocols are considered as a new innovation and discovery made by research-
ers. This type of protocol is analyzed in detail in Ref. [9]. This approach focuses on network
design architecture more than performance analysis and improvement (Figure 11.3).

11.5 SECURITY AND PRIVACY FOR loV

The security and confidentiality of connected vehicles are very important to ensure com-
munication and data transfer. Researchers are still conducting research in order to over-
come these security issues. Indeed, the data and messages circulating in the IoV must not
be known by malicious servers and hackers in order to guarantee the integrity and con-
fidentiality of the information transferred. All smart in-vehicle applications in connected
vehicles must be protected against all malware [10-12].

In order to find a solution to this type of security and privacy issues precisely, in recent
years, several approaches have been listed in the literature. These approaches deal with two
aspects, namely, the exchange of communication and confidentiality [13]; the researchers
worked on the security architecture that plays a key role in order to guarantee the security
of vehicles. A low level of security can lead to false requests on road cloud services. In Ref.
[14], the author describes the security architecture in view of the functional layer, the orga-
nizational view, the information extraction view, and the reference model view. Reference
[15] focuses on improving the security of the wireless part in IoV and improving the con-
fidentiality of communicators. The improved architecture is based on secure communica-
tion schemes and algorithms [12]. In Refs. [16,17], the authors present a communication
architecture based on shared session keys; this type of key ensures secure communication
over a long period. In Ref. [18], it is an improvement of Refs. [16,17], as the latter uses ses-
sion keys in insecure applications. The latter uses two session keys: pair keys and group
keys. In Ref. [19], this study is based on the use of VPKI (vehicular public key infrastruc-
ture), group signing, and CA (certificate authority). In Ref. [20], the actors proposed the
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use of several certified public keys instead of a single key. In Ref. [21], the author illustrates
a security method that requires nodes to provide secure sender authentication even if the
number of vehicles is large and the human factor exists in the environment. This study
emphasizes obtaining node authentication trust.

11.6 PERFORMANCE OF USING RPL UNDER MOBILITY FOR loV

The IoT presents a new technology that integrates all the connected devices in the world.

Mobile vehicles as in the Internet network are considered as a new area called Internet
of Vehicles. This technology combines the Internet of Things and vehicular networks.
This technology presents a great challenge to ensure data communication between nodes.
Several works are focused on designing an efficient solution that deals with routing prob-
lems in IoV.

Due to the mobility of IoV, it is mandatory to use routing protocols to transfer informa-
tion and ensure a reliable exchange during communication between vehicles. Based on
data exchange techniques, there are routing protocols that are either topology or position
based. Topology-based routing protocols use path information to transmit data packets.
This type of protocol is divided into reactive protocols, which are used on demand, and
proactive protocols, which are routing table driven.

For IoV that are highly dynamic, position-based routing techniques are the most suit-
able to use. But, the problem that arises is that these techniques generate high costs because
of the updates that are made continuously to transmit new information on the position and
speed of vehicles [4]. Indeed, the protocols that will be used for IoV must take into consid-
eration several vectors such as mobility, speed, data traffic, vehicular network density, and
road topology.

Some work is done to test the performance of the RPL protocol on dynamic IoV envi-
ronments. This distance vector routing protocol is based on IPv6, it focuses on low-power
lossy networks (LLN) [22] such as wireless sensor networks. RPL constructs Destination
Oriented Acyclic Graphs (DODAG) based on the objective functions and link and link
metrics. Each DODAG follows a route in order to arrive at the root by traversing a tree
topology [23]. The route is chosen using the objective function to optimize the cost. There
are OFs that are based on a single metric, just as there are other OFs that combine several
routing metrics. These metrics can be number of hops, number of expected transmissions
(ETX), energy, latency, QoS, etc.

The most suitable routing protocol for this type of technology is the Routing Protocol
for Low Power and Lossy Networks “RPL.” RPL is an IPV6 routing protocol designed pri-
marily for Wireless Sensor Networks (WSN). This is because the IPv6 protocol supports a
large address space, hence it is considered the best for IoT. The IETF has standardized the
RPL protocol, it is suitable for low power and lossy networks. The RPL protocol is based on
an Objective Function that adapts to the requirements of the applications as needed. OF is
a function that takes link and link metrics into consideration to choose the optimal route
to the destination. Vehicular networks are mobile; this mobility allows flexibility and the
integration of several services. On the other hand, this mobility causes problems of contin-
uous disconnection which leads to the loss of data and transmission delays which are long.
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RPL is suitable for dynamic network topology. And since IoV have high mobility, they
suffer from frequent link disconnections. Also, the network density is high. These char-
acteristics make data communication very difficult in the IoV. IoV communication is
vehicle-to-vehicle (V2V) or vehicle-to-infrastructure (V2I). For this, we must find an effec-
tive way to make communication reliable by ensuring security, confidentiality, and data
storage.

The reason the RPL protocol is the best to use for IoV is that its design is easy to modify
to match the rate at which the parent node is updated. The RPL protocol is characterized
by a better response time compared to other existing protocols. It is also characterized by
high road availability. Another advantage of the RPL protocol is that it only requires the
local information of the neighboring nodes to exchange the information, it does not take
into account the global information on the network topology. So, the RPL protocol is the
most suitable protocol for large-scale networks such as IoV.

11.7 CONCLUSION

This chapter presents a set of problems suffered by the Internet of Vehicles; thus, some
research challenges are presented in relation to the security and confidentiality of vehicu-
lar communication. Also, it presents the architecture and routing protocols used to ensure
communication between IoV. Several approaches carried out at the IoV level are cited in

order to improve the security of communication exchanges. In addition, when it comes to
data reporting, IoV presents several challenges. This is because this technology is charac-
terized by several constraints such as high mobility, high network density, dynamic topol-
ogy, and frequent disconnections of links. The advantage of the RPL protocol is that it is
suitably modifiable so that it can work in a vehicular network. After some studies, it is clear
that the RPL protocol provides better packet forwarding in vehicular networks.
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12.1 INTRODUCTION

The evolution of wireless communication has profoundly impacted various aspects
of human life [1]. In the early days of commercial mobile services in the 1980s, mobile
devices were primarily used for voice communication, with data transfer rates capped at
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FIGURE 12.1 Wireless communication evolution. See [2].

2.4 kbps. Since then, the wireless telecommunications sector has made significant strides
in speed, latency, security, and mobility. Present considerations are centered on improving
data transmission speeds beyond the one terabits per second (Tbps) mark, with the fifth
generation (5G) rollout already in motion and the sixth generation (6G) in its developmen-
tal phase. High data rates and superior mobility are expected to drive novel applications,
including the tactile internet, fully autonomous vehicles, and holographic communication.
Figure 12.1 shows the evolutionary journey of wireless technology from its first generation
(1G) to the upcoming 6G, highlighting each generation’s defining attributes, data rates,
latency, and mobility specifics.

Edge computing, or Mobile Edge Computing or Multi-Access Edge Computing in
telecommunications, provides computational and storage resources closer to end users.
Edge computing can be found in various settings, including manufacturing hubs, homes,
transportation systems, and personal vehicles. Service providers, including telecommuni-
cation entities, are in charge of the edge infrastructure. Diverse use cases necessitate the
deployment of various applications across numerous locations. A distributed cloud, recog-
nized for hosting applications across several sites under a unified operational framework,
is particularly effective in such instances. The merits of edge technology comprise reduced
latency, higher bandwidth, advanced device processing, efficient data offloading, and reli-
able computing and storage. Edge computing [3] is a unique computational paradigm
facilitating seamless applications between the device and the extensive cloud. It notably
reduces latency by shifting processing closer to users, apparatus, or data sources. Telecom
edge computing refers to decentralizing data processing beyond the network edge. It also
extends to the user edge, regulated by the telecommunication operator. Users can substan-
tially reduce backhaul traffic costs and volume by deploying low-latency applications and
employing near-source data processing or caching. On-premise edge computing leverages
computing assets on a client’s site, typically under a network operator’s supervision. It is
tailored to support applications and services. These processes develop within a distrib-
uted edge architecture in virtualized environments, especially concerning cloud-based
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activities. Employing on-premise edge computing ensures the retention of sensitive infor-
mation within local infrastructure while capitalizing on the edge cloud’s adaptive prowess.

The edge cloud concept blends the advantages of edge computing, a virtualized infra-
structure, and commercial models. It integrates the perks of cloud computing with on-site
servers, bestowing improved adaptability and scalability to efficiently cater to unexpected
workload surges due to increased user activity. A private cloud is a model exclusive to select
users via a private network. While it offers similar benefits to a public cloud, including scal-
ability and flexibility, it provides enhanced security and data privacy through on-site cloud
technologies. The network edge signifies the juncture where networks owned by enter-
prises intersect with external ones. As shown in Figure 12.2, the edge is the transitional
zone between the end device and the wider internet or cloud. In this context, telco edge
computing can be seen as a subset. Many locations exist to deploy telecom edge computing
within public and private network sectors; cellular towers have more extensive coverage
closer to end users than street cabinets. Low-latency communication systems can be vital
for autonomous vehicles, allowing real-time reactions based on immediate surroundings
and distant occurrences.

Telco Edge represents the combined benefits of local computing, such as on-site infra-
structure and cloud computing. By employing edge computing, clients can efficiently
reduce backhaul traffic costs and volume through the efficient execution of low-latency
applications and data processing or caching closer to its origin. Moreover, it’s crucial for
telco edge computing to match the flexibility and scalability of traditional cloud comput-
ing. Telco edge computing can propel rapid organizational expansion by accommodating
sudden workload surges due to unanticipated spikes in end-user traffic. This adaptabil-
ity, especially in mobile applications, mandates the dynamic allocation and adjustment of
computational resources across different telecom edge sites.

Edge computing, a relatively nascent domain in computing, brings cloud services and
utilities closer to users. It stands out for its swift data processing and application response
capabilities. Applications like surveillance, virtual reality, and real-time traffic monitor-
ing, which demand speedy processing and response times, often operate on mobile devices
with constrained resources [4,5]. The primary service and processing duties are executed
on cloud servers. As depicted in Figure 12.3, mobile devices face significant challenges in
latency and mobility when leveraging cloud services [6].

Edge computing provides to application demands by shifting processing capabilities
closer to the network’s periphery [7]. Within edge computing, three primary approaches
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FIGURE 12.2  System composition and working principle.




216 m Future Communication Systems Using Al, loT and Data Science

Edge sweet spot

FIGURE 12.3 Illustrate the edge sweet spot.

have been highlighted as alternatives to tackle the challenges associated with traditional
cloud computing: Cloudlets [8], Fog Computing [9], and Mobile Edge Computing [10].
Mobile Edge Computing, an initiative by the European Telecommunications Standards
Institute (ETSI), offers computing services at base stations (BS), thereby enhancing acces-
sibility for mobile users. Fog Computing, a concept promoted by Cisco, allows applications
to operate right at the network edge through a host of smart connected devices. Cloudlets,
introduced by Satya Narayanan et al., answered latency concerns associated with cloud
access. They leveraged local computing resources to alleviate these latency issues.
Figure 12.4 illustrates that Edge computing boasts mobility support, location awareness,
ultra-low latency, and user proximity. These features make it ideal for applications ranging
from industrial automation to smart maritime monitoring. Devices like routers, access
points, and BS function as intermediaries, bridging the gap between intelligent mobile
devices and the cloud [11].

12.2° SIGNIFICANCE OF EDGE COMPUTING

5G technology, signaled as the substance for reducing latency and boosting performance
in interactive applications, underscores the pivotal role of edge computing [13]. By decen-
tralizing and bringing cloud computing capabilities closer to user equipment (UEs), edge
computing bridges the evident gap that conventional cloud computing models encoun-
ter, especially when high quality of service (QoS) standards, such as minimal latency and
robust throughput, are in demand [14]. It is further accentuated by the fact that cloud
servers, typically situated centrally, might increase the energy consumption of UEs due to
the long distances involved [15]. In this context, the imperative for real-time packet distri-
bution among autonomous vehicles, with an end-to-end delay below 10 ms, showcases the
inefficiency of the conventional cloud approach, which stands at over 80 ms.
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12.3 COMPUTING PARADIGMS

Cloud Computing: Recognized for providing users on-demand access to various services
via a shared resource pool [16]. Cloud computing offers pivotal services like infrastructure
as a service (IAAS), platform as a service (PAAS), and software as a service (SAAS) [17].
It optimizes shared resources across users, tailoring them to their time zones, ensuring
efficient allocation and utility.

Edge Computing is characterized by its relocation of computational data, services, and
applications from centralized servers to the network’s periphery [18]. Edge computing
offers unmatched bandwidth, minimal latency, and real-time network data access [19].
This decentralized approach is geared toward enterprises and end users, showcasing poten-
tial in services like location assistance, augmented reality, and data caching. The crux of its
distinction from cloud computing lies in its geographical deployment and inherent mobil-

ity support.

Comparison between Cloud and Edge Computing: The core distinction revolves around
their geographical deployment, as shown in Figure 12.5. Cloud computing is majorly inter-
net-hosted; edge computing operates at the network’s periphery. It leads to lower latency
in edge computing owing to reduced proximity between mobile devices and servers [20].
Moreover, edge computing, tailored for edge users, inherently provides location aware-
ness and a decentralized server deployment strategy, reducing the chances of data in route
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FIGURE 12.5 Graphically represents the major distinctions between edge and cloud computing.
See [21].

attacks. Despite their myriad benefits, edge computing does face scalability limitations due
to its hardware constraints.

Fog Computing: Introduced by Cisco in 2012, this model decentralizes cloud computing
infrastructure, transferring nodes closer to the network’s periphery, thereby better manag-
ing applications and addressing high-speed internet demands [22]. It lessens the network
load, alleviates traffic delays, and simplifies network and device management. One can dis-
cern a difference between fog computing and MEC. At the same time, the former involves
resource relocation from the central cloud to the network’s edge; MEC implements fog
computing with computational resources moved closest to the network’s edge, usually at
BS [23].

Moisture Computing: An innovative distributed computing paradigm introduced
around 2021, moisture computing marries the advantages of cloud and mobile edge com-
puting [24]. It positions its processing and storage infrastructure closer to the end user,
offering a middle ground between MEC and traditional cloud computing. Table 12.1 sum-
marizes the distributed computing paradigms.

12.4 EDGE COMPUTING AND SIMILAR CONCEPTS

Edge computing is an expansion of cloud computing in which computational services are

brought closer to the end users at the network’s edge. The edge vision was developed to
resolve the issue of excessive latency in delay-sensitive services and applications poorly
served by the cloud computing paradigm. The following requirements must be met by
these applications: (a) extremely low and predictable latency, (b) location awareness, and
(c) mobility support. Even though edge computing has numerous advantages over cloud
computing, this field of study is still in its infancy. Edge computing is a self-contained
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TABLE 12.1  Summary of Computing Paradigms

Mobile Edge
Fog Computing Computing Could Computing Moisture Computing
Year of 2012 2014 2009 2021
introduced
Supporting OpenFog ETSI Open Edge None
organization Consortium Computing initiative
Driving force ~ Internet of Things 5G Mobile applications in ~ 5G, Internet of Things,
and smart cities requirements community places and smart cities
application and integration applications
Support OpenFog ETSI MEC Open stack ++ Moisture computing
features reference architecture platform architecture
architectures
Computing Anywhere Edge of network  Edge of the network Above the edge of the
infrastructure  between cloud base station (typically one hope network (typically two
location and end devices away from the end hops away from the end

devices) devices)

computer paradigm composed of dispersed heterogeneous devices that interface with the
network and execute computing functions, including storage and processing [25].

These responsibilities may also contribute to the delivery of lease-based services, in
which a user leases a device in exchange for incentives. According to Cisco, fog computing
is an extension of cloud computing that transfers resources and services to the periphery
network. The edge network is a virtualized platform with storage, computation, and net-
working capabilities. Cloudlet and mobile edge computing [12] are concepts comparable
to the Fog computing paradigm. The purpose of cloudlet and mobile edge computing is to
provide services to mobile users while enabling them to utilize locally accessible resources.
In contrast, fog relies on Cisco-designed equipment with computational, router, and switch
capabilities.

12.5 EDGE COMPUTING CHARACTERISTICS

While sharing commonalities with cloud computing, such as data processing and storage
capabilities, edge computing exhibits unique characteristics that set it apart. These attri-
butes make edge computing suitable for real-time applications and localized data process-
ing. The following elements are noteworthy.

12.5.1 Dense Geographical Distribution

Edge computing is a paradigm that involves the deployment of many computing platforms
on edge networks, hence facilitating the proximity of cloud services to end users [26]. The
broad geographical dispersion of infrastructure has several benefits: (a) Network adminis-
trators can offer location-based mobility services within the WAN without the need to tra-
verse its entirety; (b) The utilization of big data analytics allows for faster and more precise
analysis, as shown by previous research [27]; (c) Edge systems facilitate the execution of
large-scale real-time analytics. This capability has been acknowledged in the literature [28].
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12.5.2 Mobility Support

Edge computing enables enhanced mobility through protocols like the Locator ID
Separation Protocol (LISP), which establishes direct connections with mobile devices in
response to the rapid proliferation of such devices. The LISP protocol facilitates establish-
ing a distributed directory system by separating location identification from host identity.
The fundamental concept underlying mobility support in edge computing involves decou-
pling the host identity from the location identity.

12.5.3 Location Awareness

The location-awareness feature of edge computing enables mobile users to access services
from the edge server close to their current location. Individuals can employ diverse tech-
nological tools to locate electronic devices, such as cell phone infrastructure, GPS systems,
and wireless access points. Several edge-computing applications can utilize this geographi-
cal awareness, including fog-based vehicle safety and edge-based catastrophe management.

12.5.4 Proximity

Edge computing involves the relocation of processing resources and services in closer
proximity to end users, hence enhancing their overall user experience. Users can employ
network context information to make oftfloading and service consumption decisions. These
decisions are dependent on the presence of computing resources and services within their
local vicinity. Similarly, the service provider can leverage the knowledge of mobile users
to enhance their services and optimize resource allocation. It can be achieved through the
extraction of device-specific data and the evaluation of user behavior.

12.5.5 Low Latency

The notion of edge computing involves the relocation of processing resources and ser-
vices in closer proximity to end users, resulting in a reduction in latency during service
access. The low latency of edge computing enables users to execute resource-intensive and
delay-sensitive applications on edge devices with ample resources, such as routers, access
points, BS, or dedicated servers.

12.5.6 Context-Awareness

Context awareness is a characteristic shown by mobile devices, which can be defined in
conjunction with location awareness. Using context information from the mobile device
can inform decision-making regarding offloading choices and accessing edge services in
edge computing [29]. Context-aware services can be delivered to users at the edge by lever-
aging real-time network data, including information on network load and user location.
In addition, the service provider can utilize contextual information to enhance customer
satisfaction and improve the overall quality of the customer experience.
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12.5.7 Heterogeneity

Edge computing systems utilize many platforms, topologies, infrastructures, processing
mechanisms, and communication technologies, together known as heterogeneity. This
heterogeneity encompasses a range of components such as end devices, edge servers, and
networks. Several primary factors contribute to heterogeneity in end devices, namely
software, hardware, and technical variations. Various factors, including the utilization
of APIs, the implementation of custom-built rules, and the deployment of different plat-
forms, influence the heterogeneity of edge servers. These variations give rise to obstacles in
achieving interoperability, posing a significant undertaking in successfully deploying edge
computing. The concept of “network heterogeneity” pertains to the diverse array of com-
munication technologies that impact the provision of edge services.

12.6 KEY REQUIREMENTS OF EDGE COMPUTING IN 5G

There are several key requirements for the efficient implementation and functioning of
edge computing within the context of 5G. Considering a balanced trade-off is vital when
evaluating the significance of all key needs, as it varies based on the specific applications.
The key incentive for utilizing edge computing instead of cloud computing is the ability
to engage in real-time engagement. The primary objective is to guarantee minimal latency
to accommodate time-sensitive applications and services such as remote surgery, tactile

internet, ultra-reliable low-latency communication (URLLC), crewless vehicles [30], and
car accident avoidance. Additionally, this aim is to enhance the quality of service. Edge
servers can offer diverse real-time services, encompassing decision-making processes and
data processing activities. Furthermore, the feasibility of local processing arises from the
capability to handle data and user requests locally instead of relying on cloud-based edge
servers. It implies that two significant outcomes can be achieved by reducing the volume
of traffic transmitted between a small cell and the core network: (1) enhancement of the
connection’s bandwidth to prevent congestion and (2) reduction of the overall traffic load
inside the core network. Besides, it is important to note that edge clouds necessitate a sub-
stantial data rate to effectively transmit the vast quantities of data generated by diverse
applications such as virtual reality and remote surgery [31]. Edge servers, which may be
seamlessly incorporated into BS, provide a convenient means of establishing connections
with edge clouds without the need to traverse the primary network. Utilizing millimeter
wave (mm-wave) frequency bands within a confined cellular environment facilitates data
transfer at elevated rates. Additionally, it is important to note that high availability plays
a crucial role in ensuring the accessibility of cloud services at the edge. The availability of
edge clouds is paramount because edge computing involves transmitting data and applica-
tion logic to these cloud systems.

12.7 MULTI-ACCESS EDGE COMPUTING (MEC)

With the advent of 5G technology, academics have focused on challenges associated
with applications that necessitate substantial computational power, storage capacity, and
real-time data processing. The diligent endeavors led to establishing and refining mobile
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edge computing concepts, whereby computational tasks were shifted toward the network’s
periphery. MEC has led to the development of various technologies, including fog comput-
ing, cloudlet computing, and mobile cloud computing. Nevertheless, each approach has its
distinct limitations. For instance, fog computing depends on cloud computing data centers
and cannot function autonomously with its own managed data center. The integration of
this system into the mobile network is limited, and it frequently works independently [32].

In contrast, the telecoms industry exhibited a significant interest in MEC. The MEC-ISG
initiative was introduced by the ETSI in 2014 to promote the concept of mobile edge com-
puting. The authors wanted to integrate MEC into the CRAN architecture [33]. The ter-
minology of mobile edge computing was altered to multi-access edge computing, a term
that specifically pertains to the C-RAN 5G architecture. The objective of this Mobile Edge
Computing Industry Specification Group (MEC ISG) was to establish a standardized
framework for mobile edge computing in the context of 5G technology. The focus of their
efforts was directed towards enhancing network optimization and user service efficiency
by bringing computer capabilities in closer proximity to the end user [34]. The intricacy of
the framework is depicted in Figure 12.6, which provides a visual depiction that clarifies
the numerous interactions among different components within the MEC ecosystem. This
diagram offers a comprehensive visual understanding of the functional structure of the
framework. The mobile edge host level, a crucial component of the MEC infrastructure,
encompasses the mobile edge host and its related management systems. These systems are
responsible for providing the necessary virtualized architecture and platform required
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for mobile edge applications. The network level complements the core by facilitating con-
nectivity across various networks, including 3GPP mobile networks and the Internet. The
structure, overseen by the mobile edge system level management, is designed to abstract
the complexities of lower-level operations. This abstraction enhances user and third-party
access, optimizing interactions within the MEC framework.

Several industry initiatives have been implemented to establish standardization for
MEC and its associated technologies in the context of 5G. One such project is the Open Fog
Consortium, established in 2015 to develop a unified open framework for distributed com-
puting. Furthermore, the development of 5G MEC has led to setting 3GPP standards [36].

12.8 MEC AND 5G INTEGRATION

A comprehensive study was done by scholars and professionals from academia and busi-
ness to understand better the various aspects involved in integrating 5G with MEC and
the challenges and opportunities associated with this integration. This section is dedicated
to exploring the integration of 5G with MEC, aiming to analyze MEC’s role in 5G and
subsequent generations of wireless networks. The study encompasses a comprehensive
analysis of the fundamental aspects of MEC, the integration of MEC with existing tech-
nologies, and the state-of-the-art [37] in MEC implementation [38-41]. The subject of art
is a broad and multifaceted field that encompasses various forms of creativity. MEC and its
associated technologies proposed that integrating 5G with MEC would be beneficial. The
researchers analyzed the increase in data traffic after deploying 5G technology. The esca-
lation in data traffic would impose significant pressure on the 5G infrastructure, posing
challenges in the operation of applications that necessitate higher computational capabili-
ties and lower latency thresholds. However, the attention does not extend to applications
within the smart city context with distinct requirements. The significance of the loca-
tion where the computation is performed is examined in a study by authors in reference

[42]. The authors engaged in a discourse on cloud architecture, analyzing the advantages
and disadvantages of its implementation. They discussed the MEC architecture and its
potential benefits within a 5G environment. The study revolved around Software Defined
Networking (SDN) and Network Function Virtualization (NFV) and their interrelation
with MEC. In addition to this, a study [35] examined the revolutionary effects of MEC on
the telecommunications industry, offering a comprehensive comparative analysis of MEC
concerning traditional cloud computing infrastructures. This line of investigation pertains
to the orchestration elements of MEC, specifically focusing on the operational platforms
and application scenarios involved.

Furthermore, the authors discussed the collaborative endeavors undertaken by stan-
dards bodies to establish a cohesive framework for implementing and administrating
MEC. The research discussed in reference [43] highlights the significant importance of
MEC in the infrastructure of the 5G radio access network. It specifically emphasizes the
potential improvements in latency that might be achieved through implementing MEC.
This topic is further expounded upon in the cited reference [44], which comprehensively
examines three distinct 5G use cases and assesses the potential impact of MEC on each
scenario. The report acknowledged the difficulties associated with incorporating MEC
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and 5G technologies, emphasizing the necessity for ongoing innovation and resolution of
issues during this integration procedure. The research discussed in citation [45] examined
the relationship between MEC, 5G, and the Internet of Things (IoT), shedding light on
the crucial technologies that facilitate the efficient utilization of MEC within this inter-
connected framework. The topics covered in this study encompass an examination of
cloud computing, SDN/NFYV, virtual machines (VMs), and intelligent devices, all of which
have the potential to benefit from the implementation of MEC. In summary, the authors
presented a comprehensive assessment of the role of MEC in the context of the 5G and
Internet of Things (IoT) frameworks. They delved into several approaches for integrating
MEC into these paradigms while highlighting the ongoing obstacles and unresolved mat-
ters that define the convergence of MEC, 5G, and IoT.

12.9 loT AND EDGE COMPUTING ARCHITECTURE

This section primarily centers on the architectural aspects of edge computing and the utili-
zation of IoT devices and technologies predicated on edge computing principles. Although
there are variations in the capabilities and services these devices offer, certain essential
aspects distinguish them. The services offered include complex event processing, artifi-
cial intelligence models, offline support, data administration, and various applications.
One of the fundamental characteristics that should be incorporated into the next gen-
eration of IoT edge devices is the ability to swiftly modify device configurations using
remote tools alongside enhanced security measures for packet transmission and software
updates. Figure 12.7 illustrates the architectural framework of edge computing, showcas-
ing its hierarchical structure, including multiple levels. The initial level within this frame-
work pertains to IoT devices [46,47]. Resource pooling techniques can facilitate remote
communication, which involves aggregating resources. These resources are subsequently

transmitted to edge servers, such as micro clouds and cloudlets, as well as some intelligent
routers and switches. It enables further data processing to take place. Alternatively, pre-
liminary data preprocessing may be conducted in certain instances before the ultimate
cloud processing stage. The second tier of this architectural framework is represented by
the edge server platform, which serves as a gateway for accessing network resources such as
storage and computational capabilities. The facility’s proximity to a high-demand IoT cli-
ent reduces latency and improves load processing speed. The infrastructure-based cloud is
the third tier of cloud computing, serving as the primary platform for data processing and
computational tasks. The data generated by IoT devices and sensors is digitally recorded
and may be accessed by any device at various levels through web platforms.

12.9.1 Characteristics of loT in Edge Computing

The IoT encompasses a network of interconnected devices communicating via the Internet,
including sensors, telephones, wearable gadgets, and machines. The term “Internet of
Things” (IoT) encompasses machine-readable devices capable of digitizing data. Advantages
of edge computing include reduced latency, enhanced location awareness, extensive geo-
graphical coverage, support for mobility, and a large number of interconnected nodes.
Edge computing facilitates the independent operation of enterprises inside a certain area,
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FIGURE 12.7 The mobile edge cloud computing (MECC) architecture. See [48].

region, or domain while adhering to local security limitations [48]. It is achieved by lever-
aging public or private cloud resources and local computing capabilities. Edge computing
refers to the practice of doing data processing close to the network’s edge. The architecture
of edge computing is characterized by its distributed nature and adherence to an open
information technology framework. The scope of the system encompasses a wide range of
components, spanning from end users through the edge, core, and cloud [49-52].

12.10 SMART CITIES AND EDGE COMPUTING

The notion of “Smart Cities” is currently prevalent globally. This part comprehensively
analyzes the topic, focusing on its relevance and practical implications for the human
population. The concept of the smart city can be conceptualized as a framework. This
“framework” construction primarily relies on state-of-the-art technology, particularly
information and communication. The objective of formulating and executing this plan
is to manage the pace of urbanization effectively. Governments are facing growing chal-
lenges in administrating large communities and providing essential services to residents.
The predominant technology in smart cities is wireless and seamless, primarily facili-
tating communication without direct human intervention. Data is frequently gathered
in the cloud through many sensors and gadgets for research and decision-making. The
smart city ecosystem encompasses various stakeholders, including citizens, government
entities, corporations, municipalities, and other relevant actors. Implementing multiple
IoT devices, platforms, and frameworks in a smart city can reduce energy consumption,
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efficient traffic management during peak hours, and timely provision of emergency ser-
vices. Cities can undergo transformations that result in enhanced cleanliness and environ-
mental sustainability.

Smart cities can be categorized into three distinct layers or tiers. At a fundamental level,
it is possible to analyze the many technological devices employed for data collection that
are readily accessible. Mobile phones and sensors exemplify these technological devices.
Generally, these devices are connected to a highly efficient communication network, such
as the 5G network. All programs on these devices can be categorized at the second level.
In machine-to-machine (M2M) communication, these applications facilitate data trans-
formation into meaningful information for end users or other interconnected devices. At
this stage, the stakeholders involved in the application development and the companies
responsible for providing the necessary technology are identified. The third level of analysis
focuses on consumers’ actual utilization of the programs. Individuals and inhabitants are
unlikely to avail themselves of services unless they are deemed advantageous and feasible.

The issue of privacy and security breaches represents a significant concern within the
context of smart cities. The enhancement of urban security can be achieved by implement-
ing various intelligent devices, such as digital cameras, intelligent transportation systems,
and people monitoring systems designed to ensure the safety of citizens. Nevertheless, it is
important to acknowledge that all of these methods possess the capacity to infringe upon
individuals’ privacy. Consequently, achieving a harmonious equilibrium between these
two constituent elements is imperative. Numerous research endeavors are underway to
support attaining diverse objectives associated with smart city initiatives. In reference [43],
the authors aim to enhance the user experience of video streaming applications within
the context of smart cities. They proposed the utilization of MEC technology as a means
to improve the quality of service delivery. The main focus areas revolved around mobil-
ity, latency, and network congestion. Establishing a MEC service is recommended to offer
users expedited accessibility. Nevertheless, the writers do not address using 5G technology
to accomplish their goals.

Likewise, the authors of reference [53] provided an analysis and discourse on the devel-
opment and functionality of 5G technology. This article examined the security ramifica-
tions of 5G technology and its impact on existing technologies such as the IoT, autonomous
vehicles, and artificial intelligence (AI). Once the challenges of implementing the 5G net-
work are effectively addressed, it can serve as a fundamental framework for integrating
intelligent urban applications encompassing several domains, including transportation,
public services, healthcare, and infrastructure. The scholarly article [54] examined the
impact and ramifications of 5G technology on Intelligent Transportation Systems (ITS),
among the several applications within smart cities. The article discussed the technological
dimensions of the economic benefits and sectors that might be influenced by smart cities,
including but not limited to public transit, manufacturing, health care, and energy. In
many urban centers across the globe, many endeavors have been initiated and continue to
be in progress. The provided data presents a compilation of several smart cities across the
world. Based on the rankings provided by Forbes, the ten leading smart cities globally are
London, New York, Paris, Tokyo, Reykjavik, Copenhagen, Berlin, Amsterdam, Singapore,
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and Hong Kong, arranged in ascending order from one to ten. Based on the findings of
Cities in Motion, the United States’ top ten smart cities are ranked as follows: New York,
Los Angeles, Chicago, San Francisco, Washington, Boston, Miami, Phoenix, Dallas, and
San Diego, respectively, in descending order from first to tenth. Based on a report from the
computer world, the United Kingdom’s leading smart cities are ranked as follows: Milton
Keynes, Glasgow, Nottingham, Cambridge, Bristol, London, Manchester, Birmingham,
and Leeds, in ascending order from first to tenth place.

Using wireless sensor networks [55], digital networks, and apps contributes to advancing
technology in smart cities by integrating the IoT and facilitating the Internet of Vehicles
(IoV). The objective of converting a city into an intelligent environment is to address the
challenges posed by urbanization and population expansion. A smart city is an urban area
that effectively attains sustainable economic development while upholding a superior qual-
ity of life. Several technologies have been identified as potential contributors to sustainable
urbanization. These include intelligent solutions to mitigate transportation congestion,
implementing environmentally friendly structures, and utilizing advanced industrial
control systems (ICS). A smart city encompasses the strategic utilization of technology
to optimize various aspects of human life, including living conditions, work environ-
ments, commuting systems, and information exchange. Next-generation autos, integral to
the broader concept of the IoT and include advanced sensing, communication, and social
functionalities, represent a significant component of smart cities [56-61]. Vehicles have
the potential to contribute to the realization of smart cities through their capacity to pro-
vide mobile wireless sensing and communication capabilities. Intelligent automobiles will
establish communication links with navigation, broadcast satellites, passenger cell phones,
roadside gadgets, and other intelligent vehicles. This integration positions them as a pivotal
element within the IoT framework and the advancement of smart city infrastructure [62].

12.11 EDGE COMPUTING: ADVANTAGES AND DISADVANTAGES

1. Advantages of Edge Computing:

« Reduced Latency: Edge computing augments network efficiency by minimizing
latency, a common issue in traditional networks that often leads to delay, includ-
ing in proximal communications. By processing data at the network’s periphery,
edge computing substantially mitigates such delay, thereby accelerating the speed
of data exchange.

» Traffic Optimization: Edge centers are designed to bypass centralized systems
bottleneck challenges, enhancing overall network efficiency.

« Enhanced Security: Edge computing decentralizes processing and storage capa-
bilities. This approach diminishes vulnerabilities like distributed denial-of-ser-
vice (DDoS) attacks. If a singular machine is compromised, the perpetrator’s
access is confined to that specific computer’s data.
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Cost-Effective Scalability: Integrating IoT devices with edge servers augments
operational capabilities without constructing expensive data centers. It also mini-
mizes bandwidth strain, allowing for more efficient expansions [56].

Flexibility and Speed in Market Expansion: Companies can swiftly deploy edge
devices for service provision. If the market proves unsuitable, retracting the ser-
vices remains cost-effective.

Consistent User Experience: Edge servers’ proximity to end users minimizes the
risk of network outages, ensuring consistent, uninterrupted services.

2. Disadvantages of Edge Computing:

12.12

Limited Resources: Edge devices, owing to their decentralized nature, often pos-
sess fewer computational resources compared to centralized cloud servers, which
might lead to reduced processing speeds.

Increased Security Vulnerabilities: The decentralized edge computing approach
could expand the attack surface for cybercriminals. Ensuring robust security in
such a distributed setting poses challenges.

Financial Considerations: While edge computing can offer cost savings in cer-
tain scenarios, setting up the necessary infrastructure without a local edge part-
ner can be financially intensive. Maintenance of multiple devices across varied
locations can also inflate costs.

Obsolescence Risk: The rapidly evolving technological landscape means devices
and software can become outdated swiftly, necessitating frequent upgrades or
replacements.

INTEGRATING EDGE COMPUTING IN THE SPHERE OF 5G:
DIVERSE APPLICATIONS AND THEIR IMPLICATIONS

The interplay between 5G and edge computing promises to redefine various industries by
ensuring real-time engagement, local processing, superior data throughput, and consistent
availability.

 Healthcare: This sector is set to experience transformative changes. Beyond facilitat-
ing telemedicine, edge computing allows for real-time remote surgeries and patient
diagnostics. Medical professionals can leverage remote platforms to operate surgi-
cal equipment precisely, ensuring patient safety. Additionally, real-time patient vital

signs monitoring becomes seamless, advancing proactive healthcare.

o Entertainment and Multimedia: With the bandwidth capabilities of 5G, stream-
ing high-definition content like HDTV and 3D TV becomes efficient. Additionally,
immersive experiences through virtual reality (VR), augmented reality (AR), and
mixed reality (MR) are enhanced. By outsourcing the processing tasks from VR



Edge Computing in the Digital Era m 229

glasses to edge servers, the hardware can potentially be made more compact and
user-friendly.

o Tactile Internet: This innovation heralds a new chapter in the Internet of Things. The
tactile internet enables the instantaneous transmission of control signals and tangible
sensations over vast distances. It promises an exceptionally responsive and stable net-
work connectivity, expanding IoT capabilities.

o URLLC (Ultra Reliable Low Latency Communications): Ensuring robust reliabil-
ity, especially in Machine-to-Machine (M2M) communication, URLLC focuses on
transmitting short data packets with minimal delay. It ensures high reliability, criti-
cal for applications like fire alarms and emergency response systems.

« IoT: Many intelligent devices, from household appliances to industrial sensors, con-
nect to the internet, streamlining processes and enhancing user experience. With
edge computing, these devices can process data locally, reducing latency and improv-
ing responsiveness.

« Advanced Manufacturing: The future of manufacturing lies in automation and pre-
cision. Edge computing facilitates remote operation of heavy machinery, especially in
hazardous or hard-to-reach areas, ensuring both efficiency and operator safety.

« Emergency Response: In critical situations, swift decision-making is paramount.
Edge computing aids in collecting diverse data in real-time, ensuring emergency
response teams, such as firefighters, receive real-time insights before reaching an inci-
dent scene. It enables a more proactive and informed approach to crisis management.

« Intelligent Transportation System (ITS): I'TS is transforming road safety by pro-
viding drivers with real-time data from traffic centers; potential hazards can be pre-
emptively addressed. Furthermore, with the advent of autonomous vehicles, edge
computing plays a pivotal role in real-time data processing, ensuring they navigate
their environment safely [53].

12.13 DISCUSSION

The modern digital landscape is experiencing a transformative shift as the contours of data
processing evolve. A closer examination of edge computing, set against the backdrop of
innovations like 5G, IoT, and the visionary concept of smart cities, reveals deep intrica-
cies and vast potentialities. Historically, dependence on centralized cloud configurations
dominated the approach to data processing. Yet, the journey from these traditional setups
through intermediary stages like fog and moisture computing has culminated in the rise
of edge computing. This decentralized approach is a testament to the ongoing metamor-
phosis in managing and processing data. One cannot overlook its significant impact on
latency and overall network performance. Fields such as healthcare, where the millisec-
onds matter—for instance, in remote surgeries—benefit immensely from this reduction in
latency. But this revolution is multi-dimensional; the emergence and growth of 5G tech-
nology, characterized by its high-speed data transfers, promises to catapult the advantages




230 = Future Communication Systems Using Al, loT and Data Science

of edge computing to newer zeniths. Especially when considering the interaction of MEC
with 5G, potentially looking at a seamless digital realm with minimized delays and an
exponentially enhanced user experience. Yet, in every transformation lies inherent chal-
lenges. The distributed nature of edge computing, while safeguarding against large-scale
centralized attacks, brings forth a spectrum of security concerns. Each edge device, poten-
tially devoid of centralized monitoring, becomes vulnerable if not updated and secured.
However, the silver lining might be found in the inherent nature of 5G, which could facili-
tate rapid security updates, creating a dynamic shield against potential threats.

The strategic implications of edge computing span beyond just security. Organizations
grapple with the logistical challenges of establishing and maintaining this expansive net-
work. The economic repercussions also demand attention, weighing the undeniable ben-
efits against the fiscal demands of such an extensive, decentralized model. IoT’s explosion
further accentuates the role of edge computing. With countless devices transmitting data,
the need for real-time, localized processing has never been more pronounced. This inter-
dependence forms the bedrock for future smart cities, wherein the symbiotic relationship
will be crucial for operations ranging from intelligent traffic systems to energy-efficient
smart grids. While lauding the strides edge computing has taken, it’s imperative to main-
tain a balanced perspective. Its myriad advantages, from latency reductions to user experi-
ence enhancements, are juxtaposed against its challenges. Yet, as sectors from healthcare
to transportation stand to be revolutionized by this technological marvel, the future is
undeniably promising. As the 5G era dawns upon us, the convergence of this high-speed
technology with edge computing signals a paradigm shift in our digital narrative. It’s a
future laden with potential, but it calls for industry-wide collaboration, persistent research,
and significant investment to unlock this digital amalgamation’s wonders.

12.14 CONCLUSION

In our comprehensive exploration of the contemporary digital realm, edge computing
emerges as a concept and a transformative force driving the next wave of technological
advancement. Its significance is underscored by its departure from traditional comput-
ing paradigms, leading to a decentralized model that brings computation closer to data
sources. This shift promotes enhanced responsiveness, marked by characteristics like
reduced latency, robust mobility support, and improved geographical distribution. The
advent of MEC elevates this proposition further. MEC optimizes network resources as a
bridge between edge devices and centralized systems, and its integration with 5G tech-
nology crystallizes this. The fusion promises ultra-fast data transmission and a robust
infrastructure that supports the burgeoning demands of modern applications. The IoT and
edge computing are symbiotic. With billions of interconnected devices generating vast
amounts of data, edge computing provides the perfect platform for timely data process-
ing and decision-making right at the source. It is particularly salient in smart cities, where
real-time data can be harnessed for many functions—traffic management and energy
conservation. Yet, as with any significant technological evolution, edge computing also
brings challenges. Given the dispersed nature of devices, infrastructure overheads, and
the financial nuances of deploying such a widespread network, these encompass security
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vulnerabilities. However, as seen in varied applications, the advantages overshadow these
challenges. Healthcare, transportation, entertainment, and manufacturing sectors stand
as testament. Envision remote surgeries being executed flawlessly thanks to negligible
latency or smart transportation systems that can predict and adapt to real-time changes.
In essence, the confluence of edge computing with other technological marvels like 5G and
IoT signals a promising horizon for digital advancements. As industries and policymakers
march ahead, it will be paramount to remain vigilant, ensuring that innovation is balanced
with security and inclusivity. The journey ahead is rife with potential. By leveraging these
technologies judiciously and investing in continual research and infrastructure, a future
that is not only digital but also efficient, secure, and encompassing awaits.
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