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FOREWORD

In an era where technology is  increasingly becoming the backbone of modern society,  the
integration  of  Artificial  Intelligence  (AI),  Blockchain,  and  the  Internet  of  Things  (IoT),
collectively  termed  AIoT,  represents  a  transformative  shift.  This  convergence  promises
unparalleled efficiency, autonomy, and intelligence in systems ranging from healthcare and
transportation to smart libraries and autonomous industries. However, as promising as these
innovations  are,  they  also  introduce  unprecedented  challenges  in  security,  trust,  and
explainability.  AI,  despite  its  remarkable  capabilities,  often  functions  as  a  "black  box,"
making it difficult for users to understand, trust, or audit the decisions made by machines. In
critical applications like healthcare diagnostics, vehicular communication networks, and smart
resource management, the inability to interpret AI decisions can have profound ethical, legal,
and  operational  consequences.  Explainable  AI  (XAI),  therefore,  has  become  an  essential
paradigm, one that ensures transparency, accountability, and human alignment in AI-driven
environments.  Simultaneously,  Blockchain technology has emerged as  a  powerful  tool  for
decentralization, security, and immutability,  offering unique solutions to many of the trust
issues inherent in large-scale AIoT systems. Yet, integrating blockchain with explainable AI
models  in  resource-constrained,  dynamic  AIoT  environments  is  a  sophisticated  challenge,
requiring deep interdisciplinary knowledge and innovative architectural strategies.

This  book,  "Explainable  AI  for  Secure  and  Transparent  Blockchain  Integration  in  AIoT,"
arrives  at  a  pivotal  moment.  It  comprehensively  addresses  how  XAI  and  Blockchain  can
together build robust, secure, and transparent AIoT systems. Covering a wide spectrum from
the fundamentals of AIoT security challenges and blockchain-based explainable frameworks
to advanced machine learning innovations and future research directions -, the chapters in this
volume present both a theoretical and practical roadmap for researchers,  practitioners,  and
policy makers.

The  authors  and  contributors  have  skilfully  woven  together  foundational  concepts,
contemporary  research  developments,  and  domain-specific  applications.  Topics  such  as
CV2X  security,  federated  learning  in  AIoT,  deep  learning  for  healthcare,  and  blockchain
scalability reflect the diversity and depth of the field. Each chapter not only highlights the
pressing  challenges  but  also  proposes  thoughtful  solutions  and  future  visions,  making  the
book a valuable reference for the academic, industrial, and policy-making communities.

As the world moves toward an increasingly interconnected and intelligent digital ecosystem,
ensuring  that  these  systems  are  secure,  transparent,  and  human-centered  is  not  merely  an
academic pursuit; it is a global imperative. This book serves as an important contribution to
that imperative, providing crucial insights for advancing the responsible development of AIoT
technologies.

I commend the editors and authors for their vision and scholarly rigor in bringing together
such a timely and impactful work. I am confident that this book will inspire future research,
foster innovative solutions, and contribute meaningfully to shaping a secure, explainable, and
trustworthy technological future.

Sanjeet Singh
School of Management Studies

Marwadi University
Rajkot, Gujarat, India



ii

PREFACE

The convergence of  Artificial  Intelligence of  Things (AIoT),  Blockchain,  and Explainable
Artificial Intelligence (XAI) marks a revolutionary step toward building intelligent, secure,
and transparent cyber-physical systems. As AI increasingly drives decision-making in critical
IoT ecosystems, from smart cities and healthcare to autonomous transportation and digital
libraries, concerns about security, privacy, and trust have grown substantially. The inherent
opacity of many AI models, particularly deep learning architectures, makes it challenging for
users, stakeholders, and regulators to trust automated decisions. This makes explainability not
just a desirable attribute but an essential requirement in AIoT. While Blockchain has emerged
as a transformative technology for decentralization and security, integrating it meaningfully
with AIoT and enhancing it with explainability remain underexplored and complex domain.
This  book,  "Explainable  AI  for  Secure  and  Transparent  Blockchain  Integration  in  AIoT,"
aims  to  bridge  this  vital  gap  by  addressing  both  foundational  and  advanced  research
challenges.  This  book  is  intended  for  a  wide  range  of  audiences,  including:

•  Researchers  and  scholars  interested  in  AI,  blockchain,  security,  and  explainable  AI
paradigms.

• Technology practitioners and developers aiming to implement secure and interpretable AIoT
solutions.

•  Policy  makers  and  regulatory  bodies  are  concerned  with  the  ethical  and  transparent
deployment  of  AI  in  connected  environments.

By combining deep theoretical foundations with cutting-edge research and real-world case
studies,  this  book aspires  to  serve  as  a  holistic  reference  and  guide  for  anyone  seeking  to
understand and contribute to the emerging field of explainable, secure, and transparent AIoT
systems integrated with blockchain.

We extend our heartfelt gratitude to all contributors, reviewers, and editors who have enriched
this  volume  with  their  expertise  and  vision.  We  hope  that  this  work  stimulates  further
research, fosters industry innovations, and inspires responsible AIoT development in the years
to come.

Mukesh Kumar
Advanced Centre of Research & Innovation (ARCI)

School of Advance Computing
CGC University, Mohali, Punjab, India

Vivek Bhardwaj
Department of Computer Science and Engineering

Amity University, Mohali, Punjab, India

Karan Bajaj
Chitkara University Institute of Engineering and Technology

Chitkara University, Rajpura
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CHAPTER 1

Explainable  Artificial  Intelligence  for  Secure  and
Transparent AIoT Blockchain Integration
Amandeep Kaur1,*, T. Sudhakar2, Mirgender Kumar3 and Asena Boztaş4

1 Department of Computer Science and Engineering, Lovely Professional University, Phagwara,
Punjab, India
2  Department  of  Computer  Science,  School  of  Sciences,  CHRIST  (Deemed  to  be  University),
Bangalore, Karnataka, India
3 Department of Electronics and Communication Engineering, Chandigarh Engineering College,
Chandigarh Group of Colleges, Jhanjeri, Punjab, India
4 Department of International Trade and Finance, Faculty of Applied Sciences, Sakarya University
of Applied Sciences, Kaynarca, Sakarya, Turkey

Abstract:  Artificial  Intelligence  (AI)  and  Internet  of  Things  (IoT)  have  converged
quickly,  resulting  in  a  new  technology  called  the  Artificial  Intelligence  of  Things
(AIoT), which uses data-driven and intelligent autonomous decision-making processes
to  transform  businesses.  The  development  of  AIoT  has  raised  new  and  significant
security, transparency, and trust issues when dealing with sensitive and dispersed data.
The chapter will look at how to create secure, transparent, and accountable ecosystems
through  the  synergistic  integration  of  Explainable  Artificial  Intelligence  (XAI),
Blockchain,  and  AIoT.  It  will  provide  an  overview  of  the  fundamentals  of  AIoT,
describing the types of vulnerabilities that exist (for example, data tampering, device
spoofing, and opaque AI decision-making), which would decrease users' confidence in
the  system.  This  chapter  will  define  Explainable  AI,  outlining  some  of  the  most
widely-used  explanations  for  AI:  Local  Interpretable  Model-Agnostic  Explanations
(LIME), SHapley Additive exPlanations (SHAP), and Captum (particularly for edge
computing solutions). The chapter will discuss how blockchain technology can provide
an immutable ledger to track data integrity, device provenance, and securely execute
transactions using smart contracts. The chapter will also offer case studies (e.g., smart
agriculture and autonomous vehicles) to illustrate how combining XAI with blockchain
provides  traceability  and  real-time  explainability,  and  enables  decentralized  trust  in
AIoT applications. Finally, this chapter will discuss challenges such as computational
constraints, scalability-related issues, and balancing performance and explainability, as
well  as  providing  future  directions  in  AIoT  through  mechanisms  like  Federated
Learning  (FL)  and  Swarm  Intelligence. Overall, the  contents of  this chapter explain
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how  to  build  secure,  transparent,  and  human-focused  AIoT  systems,  which  are
fundamental  for  the  ethical  and  responsible  adoption  of  Artificial  Intelligence  in
various  critical  sectors.

Keywords:  Explainable  artificial  intelligence,  Artificial  intelligence  of  things,
Blockchain, Transparent AIoT, Blockchain integration, AI-driven IoT systems.

INTRODUCTION

Evolution of AIoT

The Internet of Things (IoT) combined with Artificial Intelligence (AI) gives birth
to  a  potent  new  concept  known  as  Artificially  Intelligent  Devices  (AIoT).
Initially, we created IoT devices solely for remote monitoring (i.e., gathering data
from a distance). Still,  as time progressed, companies were pressed to integrate
direct access to AI capabilities into their IoT systems to enable faster and more
immediate decision-making. Now, not only can robots sense their environment,
but  they  are  also  able  to  understand  it,  make  predictions  about  how  to  behave
intelligently  without  continued  human  supervision,  and  learn  from  what  they
observe.  Ultimately,  AIoT  has  transformed  several  industries;  therefore,  from
smart  homes  that  automatically  adjust  their  lighting  to  industrial  systems  that
predict  problems,  AIoT  will  enhance  the  overall  quality  of  product/service
delivery  through  increased  efficiency,  personalization,  and  autonomy.

Need for Security and Trust in AIoT

AIoT networks have become vulnerable to attacks as they have grown. A single
compromised weak IoT device can potentially compromise an entire network and
result in either an operational failure or the hijacking of devices or even a breach
of data. The AI models that process the sensitive aspect of this data are frequently
black boxes, making it difficult for regulatory organizations and end-users alike to
trust the decisions made by AI models [1]. Therefore, security and trust within an
AIoT system are extremely important. The functionality of a device is not enough;
it also must be secure, protect user privacy, be impossible to penetrate, and have
outputs  that  are  both  clear  and  comprehensible  to  end-users  and  regulatory
organizations.

The Role of Explainable AI

The XAI Technology aims to clarify the ongoing problem of transparency in AI.
The  absence  of  transparency  in  making  high-stakes  decisions  across  many
industries,  such  as  healthcare  and  finance,  has  caused  significant  problems  for
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these  industries  in  the  past.  The  goal  of  XAI  is  to  shed  light  on  the  reasoning
behind how an AI model arrived at a certain decision by allowing users to better
understand  the  models  themselves.  Through  the  introduction  of  XAI,  users,
developers,  and regulators  in  an  AIoT ecosystem can gain  better  visibility  into
how the device operates, what data was used during the decision-making process,
and how much trust they have in the resulting decision [2]. Ultimately, XAI will
provide customers with short and understandable explanations that facilitate the
accountability of the overall system, improve their confidence in using these types
of devices, and help comply with any new regulatory requirements.

Why Blockchain for AIoT?

Using  blockchain  technology,  a  decentralized,  tamper-proof,  and  securely
transparent record of all data, actions, and applied artificial intelligence outputs is
created, providing a fundamentally improved level of system assurance within the
context of artificial intelligence for the Internet of Things (AIoT). Recording of all
verified  device  activity  is  possible,  provides  assurance  of  data  integrity,  and
provides  an  auditable  record  of  AI-generated  decisions  [3].  Organizations  can
build trust with their users and stakeholders by integrating blockchain technology
into AIoT systems to demonstrate that their device interactions and related data
are  secure,  traceable,  and  authentic.  Blockchain,  therefore,  serves  as  the  trust
mechanism  for  AIoT  systems  through  the  prevention  of  fraud,  reducing  the
probability  of  data  manipulation,  and  facilitating  equitable  and  just  decision-
making  within  organizations.

Example: Smart City Air Quality Monitoring

Imagine a smart community that utilizes thousands of Interconnected Internet of
Things (IoT) devices to monitor air quality across multiple places, collecting data
in real-time regarding levels of ozone, nitrous oxide, and Particulate Matter (PM).
Artificial Intelligence (AI) models will utilise the collected data to predict areas of
potential pollution as well as recommend measures to address those concerns (i.e.,
redirecting traffic away from potential pollution sites or providing public health
notifications).  The  need  for  accuracy,  reliability,  and  security  is  absolute  in
relation  to  a  system  of  this  nature.  XAI  (Explanatory  Artificial  Intelligence)
models will produce an explanation for how pollution predictions were made by
indicating which sensors  detected  the  anomalous  spikes  of  pollutants  and what
environmental elements played a role in the development of the forecast [4]. The
unprocessed sensor data, along with the AI model results, which were produced
based on the processed sensor data, will be saved to a blockchain to ensure that no
one, including any private entity or government, can go back and change the data
once it has been entered into the system. This will provide the citizens of the city
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CHAPTER 2

Understanding  Security  Challenges  in  AIoT:
Significance and Emerging Concerns
Jyoti Batra1,*, Manjot Kaur2, Yogesh Chhabra3 and Ahmed Qtaishat4
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Abstract: This chapter explores the growing security challenges that come with the
integration of Artificial Intelligence (AI) and the Internet of Things (IoTs), known as
Artificial  Intelligence  of  Things  (AIoTs).  As  these  systems  become  essential  to
industries like healthcare, transportation, and manufacturing, they also introduce a wide
range  of  risks  from data  breaches  and  device  vulnerabilities  to  attacks  targeting  AI
models.  The  chapter  highlights  these  threats  and  outlines  practical  strategies  for
strengthening AIoT security, including authentication, encryption, and monitoring. It
also looks at future trends, such as the role of AI in defending against cyber threats and
the  impact  of  emerging  regulations.  Ensuring  strong security  is  crucial  for  safe  and
trustworthy AIoT adoption.

Keywords: Artificial intelligence, Distributed denial of service, Internet of things,
Multi-factor authentication, Trusted platform modules.

INTRODUCTION TO AIOT

AIoT refers to the integration and synergy between AI and the Internet of Things
(IoT).  The  fundamental  concept  of  IoT  focuses  on  communication  among
physical devices via network connections, while AI equips them with cognitive
capabilities to analyze patterns and make intelligent decisions from data. When
IoT systems are integrated with AI, they form a smart network of devices capable
of operating autonomously with minimal human intervention. In traditional IoT
systems, data collected through sensors is transmitted to cloud-based platforms
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where analysis is performed, followed by appropriate actions. Devices operating
within  AIoT  systems  process  various  types  of  data,  including  temperature
measurements  from  smart  thermostats  and  biometric  signals  from  health
monitoring  devices  [1].

As stand-alone devices, they do not possess sufficient processing capabilities to
analyze  data  on  their  own,  nor  can  they  independently  modify  their  operating
behavior. This functionality becomes more efficient with the implementation of
AI.  AIoT  systems  employ  embedded  Machine  Learning  (ML)  algorithms  to
perform data  analysis  at  both  edge  locations  and cloud environments,  enabling
detection  of  patterns  that  are  used  to  forecast  future  situations  and  implement
automated  responses  [2].  AIoT  provides  solutions  to  multiple  sectors  across
various industries. Machine performance monitoring through AIoT-based systems
enables  operators  to  receive  early  warning  alerts  before  industrial  equipment
failures occur. Digital farming systems enabled through AIoT devices utilize soil
conditions,  climate  data,  and  plant  requirements  to  optimize  irrigation  systems
and fertilizer distribution. AIoT enables autonomous vehicles to make real-time
decisions  by  integrating  environmental  data  with  user  preferences  and  traffic
information.  Smart  homes,  power  grids,  and  healthcare  monitoring  systems  all
benefit  from the intelligent capabilities of AIoT. AI establishes a complex data
ecosystem  when  integrated  with  IoT  infrastructure.  This  combined  system
combines traditional IoT vulnerabilities with inherent weaknesses in AI models,
expanding the potential  attack surface.  The complexity of such systems creates
significant challenges for ensuring effective security and protection.

IMPORTANCE OF SECURITY IN AIOT

Both technical and operational factors drive several security challenges caused by
the  integration  of  AI  and  IoT.  CIA  principles  of  cybersecurity  are  also  at  risk
because of these challenges. In detail, let us explore the major concerns:

Data Confidentiality and Privacy

AIoT structures  have the  potential  to  collect  large  amounts  of  data  from users,
environments, and connected systems. However, this data often includes sensitive
personal, medical, or financial information. Therefore, it is essential that this data
remains  private  while  being  transmitted  across  networks  or  stored  in  cloud
environments.  Several  factors  can  lead  to  data  breaches,  including  weak
encryption,  poorly  secured  APIs,  and  lax  access  controls.

Additionally, sensitive personal data may be exposed by the AI component itself.
Sensitive  datasets  may  be  unintentionally  memorized  and  leaked  through  ML
models. This issue is commonly associated with model inversion attacks, where
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attackers reconstruct original inputs (such as facial images or health records) from
trained models.

Model Manipulation and Poisoning

Attacking  AI  models  involves  changing  their  behaviour.  If  adversaries  inject
corrupted  data  during  the  training  process,  they  can  cause  AI  models  to  learn
incorrect correlations and create opportunities for model poisoning. For example,
this  may cause a  predictive  maintenance model  to  incorrectly  classify  a  failing
component as operational [3]. The data may also include adversarial inputs, which
are  slightly  manipulated  inputs  designed  to  produce  incorrect  model  decisions.
Such attacks can be particularly  dangerous in  applications such as  autonomous
vehicles or medical diagnostics.

Physical Device Vulnerabilities

IoT  devices  typically  have  hardware  limitations  due  to  cost  constraints  and
compact  design,  which  restrict  their  ability  to  support  complex  security
mechanisms.  Most  devices  are  shipped  with  default  credentials,  hardcoded
backdoors, or outdated firmware. If these devices are compromised, they can be
repurposed into botnets and may also serve as entry points for attacks on larger
systems.

Insecure Communication Channels

In  general,  AIoT  devices  must  communicate  over  networks  continuously.
However,  these  communication  channels  are  vulnerable  to  Man-in-the-Middle
(MitM) attacks due to the lack of end-to-end encryption or the use of unsecured
protocols [4]. The primary threat is that attackers can eavesdrop on, modify, or
redirect  messages  between  devices  and  servers,  thereby  controlling  system
behavior  or  stealing  sensitive  information.

Lack of Standardization

AIoT  solutions  are  fragmented  due  to  the  lack  of  universal  security  standards.
Different  vendors  may  use  different  communication  protocols  and  vary  in  the
levels  of  encryption  and  authentication  mechanisms  they  implement.  This  not
only  complicates  system  integration  but  also  creates  gaps  in  overall  security
coverage.

Scalability of Security Measures

As billions of devices are expected to work online, security mechanisms must be
available accordingly. Without automatic and distributed security management, it
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CHAPTER 3

Advanced  ML  Techniques  and  Innovations  for
AIOT Security
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Abstract: AIoT, which refers to the convergence of Artificial Intelligence (AI) and the
Internet of Things (IoT), is facilitating technological developments in various industries
and sectors. It has provided greater connectivity capabilities and increased efficiency;
however, the adoption of IoT technologies has created complicated security challenges
because of the scale at which they are being implemented, the number of device types
that  exist  today,  the  way  they  are  being  deployed,  and  their  inability  to  provide
sufficient processing capacity. The amount of data generated from these devices and
the  increased  attack  surface  of  IoT devices  also  increase  the  complexity  of  security
management  for  AIoT  systems,  making  them  vulnerable  to  real-time  threats  (e.g.,
anomalies, intrusions, and data breaches). This chapter will discuss several advanced
Machine  Learning  (ML)  techniques  being  used  to  improve  the  security  of  AIoT
systems  by  supporting  intelligent  and  real-time  detection  and  response  to  threats,
including Federated Learning (FL), deep learning, and reinforcement learning. Further,
the chapter will  discuss how other emerging technologies (e.g.,  quantum computing
and  blockchain)  may  be  leveraged  to  improve  the  security  of  AIoT  infrastructures
against advanced persistent threats and enable the creation of more decentralized and
tamper-resistant systems. The goal for the readers of this chapter is to provide them
with valuable information to help them design flexible and scalable security systems
that protect the confidentiality, integrity, and availability of data as the environments in
which AIoT technologies are deployed evolve.
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INTRODUCTION

Societies, governments, and industries are fundamentally transformed by the rapid
development of digital technologies. At the core of this digital revolution is IoT, a
networked  ecosystem  comprised  of  a  vast  array  of  interconnected  devices
embedded with sensors, software, and communications capabilities. These devices
can include everyday objects, industrial machinery, health care products, vehicles,
and critical infrastructure components. Once equipped with IoT-enabled devices,
these objects are capable of continuously collecting, exchanging, processing, and
compiling  huge  amounts  of  data,  thereby  creating  ‘smart’  environments  and
automating many processes that were previously only imagined as possible [1].

The  rapid  proliferation  of  IoT  devices  across  diverse  industries  has  effectively
reduced time and distance barriers, enhancing efficiency and convenience. This
transformation  has  streamlined  operations,  improved  user  experiences,  and
enabled  data-driven  decision-making  across  sectors  such  as  smart  homes,
industrial automation, healthcare, agriculture, and urban infrastructure. However,
the  rapid  expansion  of  IoT  devices  has  led  to  an  explosion  of  data  generated
across  a  vastly  growing  number  of  sources,  but  much  of  it  is  created  in
decentralized, heterogeneous, and often resource-constrained areas. The challenge
of managing, analyzing, and securing the data created, in real-time, represents one
of  the  largest  difficulties  for  today’s  information  systems.  To  combat  the
complexities  associated  with  managing  the  explosion  of  data  generated  by  IoT
devices and to unlock the untapped value of IoT data, AI technologies have been
increasingly integrated into IoT ecosystems. The integration of AI and IoT has led
to  the  emergence  of  AIoT,  a  transformative  paradigm  in  which  intelligent
algorithms enable real-time analytics, predictive modeling, autonomous control,
and context-aware decision-making at both edge and cloud levels. AIoT systems
are  reshaping  interactions  across  critical  domains,  including  smart  cities,
intelligent transportation systems, precision healthcare, energy management, and
industrial  predictive  maintenance.  Therefore,  AIoT  systems  are  the  subject  of
unprecedented  operational  and  societal  benefits  [2].  AIoT  systems  have  also
become  increasingly  desirable  targets  for  cyber  attackers.  This  attraction
originates from the decentralized, distributed, and resource-limited nature of IoT
devices  and  from  the  complex,  opaque,  and  unpredictable  ways  in  which  AI
models  are  constructed,  resulting  in  a  wide  and  complex  attack  surface.
Cybersecurity  threats  to  AIoT systems can take many forms,  including device-
level conflicts, both via data capture and Denial of Service (DoS) attacks, as well
as  through  adversarial  attacks  against  the  AI  model  itself.  Any  threat  that
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compromises the confidentiality, integrity, or availability of an AIoT system leads
to a degradation of public trust in this technology and ultimately limits its relevant
disruptive potential [3]. To meet these challenges, Machine Learning has emerged
as an active research area that provides exciting new opportunities in enhancing
the  cybersecurity  capabilities  of  AIoT  systems.  Machine  learning  models  can
autonomously  learn  patterns,  detect  anomalies,  and  respond  to  emerging
cyberattack  techniques,  offering  a  comprehensive  set  of  tools  that  support
proactive cybersecurity. Emerging advanced methodologies in this area include
FL (often considered to be the foremost cutting-edge methodology); this training
methodology decentralizes the ML model and does not require data to be shared,
thereby  protecting  the  privacy  of  individuals;  Adversarial  Training  (this
methodology creates models that are more resilient than traditional AI models to
certain  types  of  malicious  inputs);  Reinforcement  Learning-based  Security
Methods  (this  training  methodology  equips  an  AIoT system with  the  ability  to
adapt  to  quickly  changing  environmental  threats);  and  AI-enhanced  Intrusion
Detection Systems (IDS). All these innovative ML methodologies are becoming
increasingly  significant  drivers  in  the  development  of  AIoT  cybersecurity
solutions [4]. The utilization of ML to build AIoT systems not only strengthens
AIoT  systems  against  current  weaknesses  but  also  prepares  these  systems  to
create  new  and  complex  AI  threats  as  the  AIoT  system  ecosystem  grows  and
expands in size and sophistication. As the AIoT ecosystem continues to develop,
the  implementation  of  modern  ML  methodologies  will  become  critically
important  to  fostering  the  formation  of  resilient,  trustworthy,  and  secure
infrastructures  that  ensure  the  availability  of  critical  services  and  protect  the
confidentiality  and  integrity  of  both  personal  and  social  infrastructures  in  an
increasingly  digital  world  [5].

AIOT AND ITS SECURITY CHALLENGES

Two major categories have driven much of the recent acceleration in the speed of
digital transformation through technology: Internet of Things (IoT) and Artificial
Intelligence  (AI).  The  IoT  creates  the  opportunity  for  the  interconnection  of
hundreds  of  thousands  of  physical  devices,  systems,  and  services  that  can
independently collect  and share data  from many different  environments.  Along
with the IoT, AI enables these connections to intelligently analyse,  decide,  and
predict based on the large amounts of data generated by the devices connected by
the  IoT.  The  combination  of  these  two  domains  has  given  rise  to  a  new
technology  paradigm,  AIoT,  that  integrates  AI  capabilities  into  IoT
infrastructures, enabling autonomous, data-driven actions and services [6]. AIoT
ecosystems  make  use  of  the  combined  capabilities  of  smart  sensors,  edge
computing devices, and AI-based analytic tools to build intelligent and adaptive
systems  that  can  monitor  and  supervise  complex  environments,  optimise
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Abstract: Merging AI and IoT has enabled the creation of intelligent, autonomous, and
connected systems (AIoT). The combination of AIs with IoTs presents many exciting
opportunities.  However,  it  also  poses  many  complex  cybersecurity  issues  resulting
from this integration, which are difficult to combat with traditional security methods.
This chapter will explore how advanced, state-of-the-art Machine Learning methods
can protect AIoT systems against the many cyber-physical threats.  Initially,  we will
provide an overview of AIoT security threats, including vulnerabilities. Next, we will
show how Machine Learning can detect anomalies, analyze malware, and provide real-
time threat intelligence for distributed and dynamic AIoT networks. Our final goal is to
illustrate  several  advanced  innovations  in  Machine  Learning,  including  the  use  of
Advanced Deep Learning, Federated Learning for privacy, Reinforcement Learning for
dynamic  response,  and TinyML for  edge-device  security  (to  name just  a  few).  This
chapter  will  also  examine  how  Explainable  AI  (XAI)  and  Graph  Neural  Networks
(GNNs)  would  improve  the  transparency  of  the  models  and  will  help  identify  the
interrelationships of the devices within an AIoT System. Finally, we will discuss some
future trends in cybersecurity for the AIoT, including the use of blockchain-enabled
security frameworks, quantum-resilient ML algorithms, and Zero-Trust Architectural
models.  At  a  practical  level,  we  will  show  how  machine  learning-driven  security
solutions are already making a significant difference in several practical applications in
smart home applications, healthcare, Industrial IoT, and autonomous driving.
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INTRODUCTION

Artificial Intelligence of Things (AIoT) has been described as the merger between
Artificial Intelligence (AI) and the Internet of Things (IoT); together, AI and IoT
create  a  collaborative  network  where  intelligent  devices  detect,  learn,  and  act
independently from one another  [1].  While  Chapter  4 introduced AIoT and the
potential of AI to provide security in the next generation of AIoT security, this
chapter  is  the  capstone  discussion  related  to  security  in  the  realm  of  machine
learning.  This  chapter  focuses  on  how  emerging  ML  innovations  such  as
federated learning, TinyML, XAI, and Graph Neural Networks (GNNs) transform
AIoT ecosystem security.  This  chapter  also provides  an overview of  the  future
concepts related to blockchain integration, quantum-resilient algorithms, and Zero
Trust architectures, providing a framework to guide architects in designing secure,
transparent,  and  adaptive  next-generation  AIoT  systems.  The  integration  of  AI
capabilities  into  IoT  ecosystems  allows  AIoT  to  support  intelligent  decision-
making, real-time processing and automation in multiple domains (smart homes,
industry, healthcare, transportation); however, the complexity of AIoT will also
present unique security challenges. The autonomy and sensitive data management
of AIoT devices will expose these devices to new types of cyber-physical threats
such  as  adversarial  attacks,  data  breaches,  ransomware,  and  device  hijackings.
The  distributed,  heterogeneous,  and  resource-constrained  nature  of  the  AIoT
environment  will  compound  the  existing  vulnerabilities  by  making  traditional
security  methodologies  ineffective.

Machine Learning (ML) is emerging as a transformational solution for increasing
the  security  of  the  AIoT.  ML  solutions  can  detect  and  prevent  intrusions
autonomously,  predict  potential  intrusions,  adjust  to  changing  attacks,  and
optimize defenses. Additionally, emerging advanced ML methods are leading the
charge  for  the  integration  of  resilient,  scalable,  and  intelligent  security
frameworks into AIoT networks. This chapter provides an overview of advanced
ML methods and innovative trends that are shaping AIoT security in the years to
come.  In  total,  this  chapter  consists  of  three  parts.  In  the  first  part,  the  chapter
provides a comprehensive overview of the challenges to AIoT security and the
role of ML in addressing these challenges. In the second part, the chapter reviews
state-of-the-art ML approaches to the use of ML for securing AIoT environments,
discusses  innovative  solutions  such  as  federated  learning  and  TinyML,  and
presents real-world applications and case studies of emerging trends and research
opportunities to redefine security paradigms for the AIoT era.
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FUNDAMENTALS OF AIOT SECURITY

The  AIoT  ecosystem  brings  together  IoT  infrastructure  and  AI  technology  to
allow for intelligent and independent operations. These types of systems consist
of several layers, including a device layer with sensors and actuators, a network
layer  employing  different  communication  protocols,  a  data  processing  layer
comprising cloud and edge computing, and an application layer providing Smart
services. The additional AI components across these layers support functions such
as predictive analysis and autonomous decision-making with little or no human
intervention. The multi-layer design not only improves the system's efficiency and
intelligence, but also increases the potential attack surface. As a result, advanced
and adaptable security mechanisms are very much needed to protect these systems
[2].

AIoT systems encounter an array of diverse threats that are unlike traditional IT
environments. At the device level, systems are exposed to threats such as physical
tampering,  firmware manipulation,  and side-channel  attacks targeting resource-
constrained devices. Network threats include eavesdropping, man-in-the-middle
attacks,  and  Denial-of-Service  (DoS)  attacks  (especially  for  wireless
communications).  At  the  data  level,  vulnerabilities  associated  with  AI,  such  as
data poisoning, model inversion, and adversarial attacks, can significantly degrade
the  performance  of  AI  models.  The  threats  at  the  System  level  include
unauthorized  access,  manipulation  of  control,  and  disruption  of  the  AI's
autonomous  behaviour.  Given  the  wide-scale,  heterogeneous,  and  distributed
nature of AIoT systems, all these threats can spread rapidly across interconnected
devices, requiring proactive detection and intelligent mitigation tactics.

The foundations for security algorithms for AIoT environments are built on the
CIA (Confidentiality, Integrity, and Availability) concepts. Confidentiality is the
protection of sensitive information from being accessed by unauthorized parties
(which  is  especially  critical  in  the  healthcare,  smart  finance,  and  defense
industries).  Integrity  protects  the  data  from  being  changed  in  an  unauthorized
manner and preserves the accuracy and reliability of the data and the outputs from
the AI model, so that the decisions made autonomously are not adversely affected.
Availability is the delivery of AIoT services in a timely and uninterrupted manner,
even  when  under  attack  or  during  fault  conditions.  Further,  because  of  the
autonomous functioning of AIoT systems, the need for privacy, resilience against
failure, and real-time adaptability is also increasingly important [3].

Current  Security  mechanisms,  based  upon  traditional  approaches,  are  based  on
‘Rule-Based’ methods, static encryption models, or signature-based identification
systems.  While  all  these  methods  provide  a  means  of  protecting  against  well-
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Abstract: AIoT is the combination of Artificial Intelligence (AI) and the Internet of
Things  (IoT),  which  is  transforming  into  a  new  paradigm  of  intelligent  systems.
Nonetheless, this convergence gives rise to distinctive and extreme security issues that
jeopardize its harmless implementation. In this chapter, the authors explore the future
of secure AIoT through the prism of major emergent trends, such as the development of
Edge AI to improve privacy, Federated Learning to create shared model training, AI-
based threat detection, and blockchain-based data integrity. It also provides essential
directions  of  research,  including  lightweight  cryptography  in  resource-constrained
devices and resilience against adversarial AI model attacks. The chapter ends with the
statement  that  the  full  potential  of  AIoT will  be  achieved  only  after  the  creation  of
strong, reliable, and ethical security systems.

Keywords:  Artificial  intelligence,  Internet  of  things,  Industrial  automation,
Natural  language  processing,  Smart  cities.

INTRODUCTION

The concept of interconnected devices has existed for several decades, originating
from  early  machine-to-machine  (M2M)  communication  systems  that  laid  its
foundation.  With  the  rapid  expansion  of  the  Internet  and  advancements  in
miniaturized  sensors  and  enhanced  processing  capabilities  during  the  late  20th
and  early  21st  centuries,  connectivity  has  significantly  evolved,  leading  to  the
widespread emergence of the Artificial Intelligence of Things (AIoT). At the same
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time, AI has been developed as a theoretical construct into a practical application
that  can  be  seen  through  such  remarkable  developments  as  Machine  Learning
(ML),  Deep  Learning  (DL),  and  Natural  Language  Processing  (NLP).  The
intersection of these parallel progressions has now led to the emergence of a new
era  of  intelligent  systems  [1].  The  advantage  of  AIoT  will  be  the  symbiotic
relationship  of  this  convergence.  IoT  sensors  are  effective  when  it  comes  to
gathering large volumes of data about the physical world. Nevertheless, this raw
data  alone  provides  limited  meaningful  insight.  When  integrated  with  AI
algorithms, the data can be analyzed in far greater detail in real time, enabling the
identification of patterns and the generation of predictions with an unprecedented
level  of  accuracy.  This  infusion  of  intelligence  enhances  efficiency,  enables
greater  automation,  and  improves  decision-making  capabilities

This chapter explores the connection between AI and the Internet of Things with a
particular emphasis on the security framework in the dynamic world. This chapter
begins  by  defining  AIoT  and  highlighting  the  importance  of  security.  It
subsequently outlines emerging trends such as Edge AI, Federated Learning, AI-
driven security, blockchain, and Zero Trust.  It  then maps out essential research
opportunities in lightweight security, resilient AI, reliability, new authentication
methods, and hybrid security. Ethics and regulations will also be addressed in the
chapter.  Lastly,  it  concludes  with  trends  and  research,  extrapolating  future
influence, and highlighting the necessity of further innovation and cooperation.

Examples of AIoT Applications Across Various Sectors

The disruptive power of AIoT is being viewed in various fields and industries:

Smart Cities

AIoT enables smart traffic management systems that optimize traffic flow, as well
as smart grids that monitor and forecast energy demand across sectors to prevent
outages [2]. Moreover, it  helps monitor the environment to determine pollution
levels and inform policy decisions.

Healthcare

Wearable devices powered by AI constantly keep track of vital signs and notify
individuals  and  their  doctors  about  potential  health  threats.  In  hospitals,  AIoT
streamlines resource distribution, designs individualized treatment schedules, and
enhances diagnostic productivity.
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Industrial Automation

AIoT plays a significant role in enhancing smart factories by enabling predictive
maintenance  to  reduce  downtime,  deploying  adaptive  robotic  systems  that
respond  to  changing  production  requirements,  and  improving  quality  control
through  computer  vision–based  defect  detection  [3].

Importance of Security in AIoT Ecosystems

One of  the  major  obstacles  to  the  popularization  of  IoT is  its  predisposition  to
security risks. The large network of interconnected devices significantly increases
the target surface for cyberattacks. The information gathered by a 2020 report by
the  Identity  Theft  Resource  Centre  supports  this  assertion  by  stating  that  over
1,400 data breaches were reported in the United States in 2019, being 17% higher
than in 2019  [4]. This fact makes it a pressing necessity to strengthen security
measures to protect the devices that are part of the IoT and the data these devices
gather,  making  it  appear  more  secure.  In  turn,  the  rapidly  growing  AIoT
ecosystem  is  marked  by  a  critical  need  for  robust  security  solutions,  which  is
underpinned  by  the  critical  vulnerabilities  and  the  potential  impact  of  poorly
secured  AIoT  networks.

The Exponential Growth of Interconnected Devices and Data

The main  assumption  of  AIoT is  the  spread  of  connected  devices,  both  simple
sensors  and  complex  industrial  equipment,  and  smart  personal  devices.  This
geometric increase in the number of connected endpoints is directly proportional
to an increase in data generation. Every device is a potential target for malicious
actors,  and  the  large  volumes  of  gathered  information  serve  as  an  increasingly
appealing target for theft, manipulation, or abuse.

Critical Nature of AIoT Applications in Sensitive Domains

AIoT is  no  longer  used  in  non-critical  areas;  it  is  increasingly  implemented  in
areas  critical  to  the  welfare  of  society  and  the  safety  of  individuals.  The  most
well-known  ones  are  critical  infrastructure  (e.g.,  smart  grids,  transportation
systems),  healthcare  (e.g.,  Remote  Patient  Monitoring,  Robotic  Surgery),  and
industrial automation (e.g., control systems, supply chain management). Security
breaches in such sensitive areas may lead to serious and extensive consequences,
including  financial  losses,  operational  failures,  physical  injuries,  and  loss  of
confidence  in  the  government  [5].  The  integrity  and  confidentiality  of  the
extensive amount of data produced, and the reliable functioning of AIoT systems,
are the most valuable, and strong security is one of the conditions that cannot be
negotiated.
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