
Advanced Sciences and Technologies for Security Applications

Reza Montasari
Hamid Jahankhani
Anthony J. Masys   Editors

Navigating 
the Intersection 
of Artificial 
Intelligence, 
Security, and Ethical 
Governance
Sentinels of Cyberspace



Advanced Sciences and Technologies
for Security Applications

Editor-in-Chief

Anthony J. Masys, Associate Professor, Director of Global Disaster Management,
Humanitarian Assistance and Homeland Security, University of South Florida,
Tampa, USA

Advisory Editors

Gisela Bichler, California State University, San Bernardino, CA, USA

Thirimachos Bourlai, Department of Computer Science and Electrical Engineering,
West Virginia University, Multispectral Imagery Lab (MILab), Morgantown, WV,
USA

Chris Johnson, University of Glasgow, Glasgow, UK

Panagiotis Karampelas, Hellenic Air Force Academy, Attica, Greece

Christian Leuprecht, Royal Military College of Canada, Kingston, ON, Canada

Edward C. Morse, University of California, Berkeley, CA, USA

David Skillicorn, Queen’s University, Kingston, ON, Canada

Yoshiki Yamagata, National Institute for Environmental Studies, Tsukuba, Ibaraki,
Japan



Indexed by SCOPUS

The seriesAdvanced Sciences and Technologies for SecurityApplications comprises
interdisciplinary research covering the theory, foundations and domain-specific
topics pertaining to security. Publications within the series are peer-reviewed
monographs and edited works in the areas of:

• biological and chemical threat recognition and detection (e.g., biosensors,
aerosols, forensics)

• crisis and disaster management
• terrorism
• cyber security and secure information systems (e.g., encryption, optical and

photonic systems)
• traditional and non-traditional security
• energy, food and resource security
• economic security and securitization (including associated infrastructures)
• transnational crime
• human security and health security
• social, political and psychological aspects of security
• recognition and identification (e.g., optical imaging, biometrics, authentication

and verification)
• smart surveillance systems
• applications of theoretical frameworks and methodologies (e.g., grounded theory,

complexity, network sciences, modelling and simulation)

Together, the high-quality contributions to this series provide a cross-disciplinary
overview of forefront research endeavours aiming to make the world a safer place.

The editors encourage prospective authors to correspond with them in advance of
submitting a manuscript. Submission of manuscripts should be made to the Editor-
in-Chief or one of the Editors.



Reza Montasari · Hamid Jahankhani ·
Anthony J. Masys
Editors

Navigating the Intersection
of Artificial Intelligence,
Security, and Ethical
Governance
Sentinels of Cyberspace



Editors
Reza Montasari
Hillary Rodham Clinton School of Law
Swansea University
Swansea, UK

Anthony J. Masys
College of Public Health
University of South Florida
Tampa, FL, USA

Hamid Jahankhani
Northumbria University London
London, UK

ISSN 1613-5113 ISSN 2363-9466 (electronic)
Advanced Sciences and Technologies for Security Applications
ISBN 978-3-031-72820-4 ISBN 978-3-031-72821-1 (eBook)
https://doi.org/10.1007/978-3-031-72821-1

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature
Switzerland AG 2025

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

If disposing of this product, please recycle the paper.

https://doi.org/10.1007/978-3-031-72821-1


Contents

Exploring Applications and Implications of Big Data Predictive
Analytics in Policing Cyberspace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Joel Pinney, Vibhushinie Bentotahewa, and Matthew Tomlinson

Securing E-Voting Authentication: A Framework Integrating
AI-Based Facial Recognition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Xhesika Pasha and Hamid Jahankhani

Addressing Current and Emerging Challenges in DF:
An Examination and Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
Amelia Cho and Reza Montasari

Analysing the Effectiveness of YOLO Model in Detecting
the Images Captured by the Drone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Muhammad Nauman Ramzan and Hamid Jahankhani

Evaluating the Importance of SSI-Blockchain Digital Identity
Framework for Cross-Border Healthcare Patient Record
Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Esmeralda Broshka and Hamid Jahankhani

A Critical Analysis of the Impact of Mis- and Disinformation
Through the Media on Society . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
Cariane Williams and Reza Montasari

An Investigation of Artificial Intelligence (AI) and Cybersecurity:
Case of AI Integration in German Cybersecurity Strategy . . . . . . . . . . . . . 123
Rubina Ajaz Siddique and Hamid Jahankhani

Children’s Involvement in Terrorist and Extremist Groups . . . . . . . . . . . . 147
Rawan Al Shalaa and Reza Montasari

The Evolution of Terrorism in Digital Era: Cyberterrorism, Social
Media, and Modern Extremism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
Daniel Ball and Reza Montasari

v



Exploring Applications and Implications
of Big Data Predictive Analytics
in Policing Cyberspace

Joel Pinney, Vibhushinie Bentotahewa, and Matthew Tomlinson

Abstract As the world continues to become a data-driven society, the applications
of using data extends beyond traditional uses and introduces further avenues for
considering how we protect users’ data. Specifically, the increasing reliance on big
data analytics in law enforcement has raised questions regarding privacy, individual
rights, and the potential for bias in decision-making. This chapter examines how
predictive analytics tools are employed to identify cyber threats, predict criminal
activities and behaviours, and enhance proactive policing measures. Furthermore,
it delves into the ethical challenges associated with the collection and analysis of
vast amounts of personal data, emphasising the importance of balancing security
needs with privacy concerns. GDPR, as a prominent data protection framework,
is scrutinised in the context of policing cyberspace, evaluating its effectiveness in
safeguarding the public’s rights while permitting necessary data processing for law
enforcement. Moreover, assessing its ability to balance the safeguarding of users’
privacy rightswhilst continuing to proactively police. By shedding light on the ethical
and legal dimensions, this bookchapter contributes to a comprehensiveunderstanding
of the complex interplay between big data analytics, policing strategies, and the
protection of individual rights in the digital age.
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1 Introduction

Data has become an essential part of our everyday lives, with nearly everythingwe do
being recorded for later analysis. In an era where data has been classified as ‘the new
oil’, businesses continue to utilise cutting edge strategies in order to collect, analyse
and influence their decision making. Through offering evidence-based insights into
societal challenges and organisational operations, data has emerged as a transforma-
tive tool in modern society. However, whilst offering a powerful and insightful tool
for business operations, other industries have also seen the widespread application
in their sectors.

The purpose of this chapter will focus on exploring the growing importance
data and analytics has in the law enforcement sector and the growing concerns
surrounding the publics privacy. Whilst the utilisation of data in the law enforce-
ment sector is not a new phenomenon, the growing interest surrounding how the data
is being employed raises many questions. Fundamentally, law enforcement agencies
are increasingly relying on data driven systems to aid predictive policing strategies in
order to attempt to forecast criminal activities and allocate resources accordingly [50].
Moreover, enabling law enforcement to make data driven decisions in an attempt to
predict criminal hotspots. However, for many, law enforcements deployment of data
driven strategies raises both ethical and privacy concerns. Most notably, the concerns
surrounding police surveillance strategies are amplified with the application of some
big data analytical strategies [8]. Furthermore, on how the mass collection of data
enables the increased potential and execution of certain surveillance techniques. In
turn, due to the increasing collection of data, the complexity of policing data systems
and operations escalates and raises questions surrounding the transparency of their
operations. Due to this, some researchers are still calling for further exploration
surrounding both how police collect data and most importantly how they utilise the
data collected [38].

Through exploring relevant academic literature, this book chapter offers insight
into the application of big data predictive techniques in law enforcement. Through a
critical examination of policing tools and techniques currently employed we uncover
the utilisation of big data strategies in fighting criminal activity. In doing so we
identify the vast ethical and privacy implications of predictive policing strategies
and highlight their influence on society. The chapter will further examine the legal
frameworks such asGDPRand scrutinise their effectiveness in protecting the public’s
privacy. Through inspecting a range of case studies, this book chapter offers a glimpse
into the reality of balancing the public’s privacy with the need to employ predictive
analytics in policing. Finally, the chapter will offer the authors’ recommendations
and thoughts on how to reach a state of equilibrium.



Exploring Applications and Implications of Big Data Predictive … 3

2 Predictive Analytics in Law Enforcement

The application of using data in order tomake informed decisions is known as predic-
tive analytics. Through exploring historical data records, analytics techniques can
be applied in order to make informed decisions based on predictions about future
events [35]. Predictive analytics leverages statisticalmethods,machine learning algo-
rithms, and data mining techniques to extract valuable insights from vast datasets.
Moreover, it can help an organisation to act more proactively by looking forward to
future events in an attempt to identify potential trends and patterns that may occur.
By anticipating future occurrences, organisations can allocate resources more effec-
tively and mitigate potential risks. It is, however, important to note that the utilisation
and deployment of predictive analytics have seen a vast increase due to the growth
of big data systems [52]. In essence, as the amount of data able to be collected and
analysed increases, the performance and predictive power of analytical techniques
increase accordingly. This enhanced capability allows for more accurate and reli-
able forecasts, aiding decision-makers in various fields. Whilst predictive analytics
has been monumental in revolutionising the e-commerce industry [42], other indus-
tries including manufacturing [13], Insurance [48], and Healthcare [45] have also
benefited. However, the focus of this chapter will be on exploring the utilisation of
predictive analytics techniques in law enforcement.

Fundamentally, predictive policing analytics involves applying algorithms to
analyse large amounts of information that can be later used to predict and help
prevent the potential of future crimes [36]. These algorithms often employ machine
learning models trained on historical crime data, identifying patterns that correlate
with criminal activity. Inmost instances, place-based predictive policing is employed
in order to analyse existing crime data that can then be used to identify specific loca-
tions and times that have a higher risk of crimes. By pinpointing these high-risk
areas, law enforcement agencies can deploy officers more strategically, increasing
the likelihood of preventing crimes before they occur. When factoring in all available
information, place-based predictive policing can be used to direct police resources
where required based on availability and level of requirement [7]. Moreover, the
reliance on collecting past data has drastically revolutionised the operational poten-
tial of policing. Enabling forces to pre-emptively predict criminal hotspots and likely
criminal activities. This proactive approach not only enhances crime prevention but
also optimizes the use of law enforcement resources. Whilst predictive policing in
the physical world has been seen as a productive step forward, considerations on
how predictive analytics can help police cyberspace must be explored further.

The application of predictive analytics has a strong potential to revolutionise the
cybersecurity sector [3] and should therefore mitigate the number of cyber threats
needing to be escalated to law enforcement. By analysing network traffic patterns
and identifying anomalies, predictive models can flag potential cyber threats early
on. However, predictive policing in cyberspace can enable organisations to detect and
mitigate threats before they escalate into full-scale cyberattacks [55]. As such, the
utilisation of predictive analytics provides an enhanced capability to detect threats at
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an early stage. Early detection is crucial in minimising damage and preventing data
breaches. However, as the amount of available data collected continues to grow, the
potential for identifying possible trends, patterns, and anomalies that may signify a
potential security breach increases [9].

Whilst the vast amounts of data available create a promising avenue for predictive
analytics in the law enforcement of cyberspace, other challenges arise. The dynamic
and complex nature of cyber threats requires continuous adaptation of predictive
models. Traditional policing techniques cannot be applied in the sameway as policing
the physical and cyber world. Aswe continue to transition into an ever-digital society,
the law enforcement sector faces challenges on how to adapt to the new operations of
policing cyberspace: fighting a new era of criminal activity. Moreover, dealing with
cyber-terrorism, information warfare, phishing scandals, hacking, denial of service
attacks, gambling, and many more [58]. Each of these cybercrimes presents unique
challenges that demand specialised approaches and tools.

In light of the new age of criminal activities, it is essential law enforcement acts to
pre-emptively address such crimes. In order to develop such predictivemodels, police
forces collect and rely on a significant amount of data, contributing towards their big
data repository [4]. As such, it can be said that big data policing can be seen as the
use of big data systems in order to make a series of classifications of interest to law
enforcement [11]. Allowing law enforcement to identify and address cybersecurity
threats through smarter and more efficient strategies. Others have stated how the
utilisation of predictive analytics can help assist in identifying cyber threats either
in real-time or almost real time which results in lessening the effectiveness of the
assault [33]. Through the identification of cyber threats in real time (or almost real
time), organisations and law enforcement can ensure the rapid containment of the
threat and minimise any potential damages. This swift response is vital in protecting
sensitive information and maintaining operational integrity. Not only reducing the
immediate impact of the potential threat but mitigating any long-term operational
downtime and data breaches. Additionally, the identification and mitigation of cyber
threats provide additional learning data for predictivemodels to reactmore efficiently
to emerging threats and possible attacks.

Investigating the benefits of predictive analytics in protecting against cyber threats
identifies the benefits of early identification. A study reported by Esteves et al. [14]
details how predictive analytics is a successful method for identifying cyber dangers
and reports accuracy rates of up to 90% were observed in certain settings. Through
gathering data including real time user behavioural patterns, website and network
traffic and potential vulnerabilities, alerts can be raised for any potential anomalies
detected [41]. Whilst the increased collection of the above data types has increased
the capability of predictive models, a number of challenges remain. One such issue
discusses how as the amount of data collected increases, the potential for the data
to be inconsistent or fragmented grows [49]. Moreover, as the vast quantity of data
required to improve the predictive model increases, the risk that the new data may
not be up to the required standard raises questions on the data’s integrity. As such,
the predictive model output will not be effective in predicting potential cyber threats
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due to the inconsistencies and errors contained in the new datasets. Ensuring data
quality and integrity is thus paramount in developing reliable predictive models.

However, data-driven policing (predictive policing) is part of a much bigger
picture in which big data plays a prominent role. The application of big data systems
makes use of the vast quantities of data available and through using rapid computing
processing techniques and algorithms, identifies correlations thatmay have otherwise
been overlooked by humans [11]. A prominent example in law enforcement’s efforts
to help mitigate cyber threats is the use of the Police CyberAlarm. “Police Cyber-
Alarm monitors the logs of traffic seen by a member’s connection to the internet.
It will detect and provide regular reports of suspected malicious activity, enabling
organisations to minimise their vulnerabilities.” [10]. Through offering this free
to organisations, the Police CyberAlarm system collects information on attacks and
stores them anonymously in order to make better andmore informed alerts for poten-
tial cyber threats. This initiative not only enhances the cybersecurity posture of indi-
vidual organisations but also contributes to a broader understanding of cyber threat
landscapes. However, despite the efforts of realising and proactively collecting data,
law enforcement has the relevant infrastructure to deal with and make inferences
from the information. In order to make use of the data collected, law enforcement
entities require the ability to organise, manage and deploy the information quickly
to proactively act on the information presented [32].

The application of predictive analytics in law enforcement, particularly in
combating cybercrime, represents a significant advancement in proactive crime
prevention. By leveraging vast amounts of data and sophisticated algorithms, law
enforcement agencies can anticipate and mitigate potential threats more effectively.
This proactive approach not only enhances operational efficiency but also helps in
safeguarding sensitive information and maintaining public safety. However, the inte-
gration of predictive analytics in policing is not without challenges. Issues related
to data quality, algorithmic biases, and some ethical concerns must be addressed to
ensure the fair and effective use of these technologies. Ensuring transparency in how
data is collected and used,maintaining the integrity of datasets, and developing robust
legal frameworks are crucial steps in mitigating these challenges. As law enforce-
ment agencies continue to adapt to the digital age, the balance between utilising
predictive analytics and protecting individual privacy remains a critical consider-
ation. Through ongoing development surrounding technological advancements and
ethical scrutiny, predictive analytics can be further harnessed to enhance public safety
while respecting the rights and privacy of individuals. Ultimately resulting in the final
goal of creating a law enforcement system that is both innovative and fair. However,
as specified, a number of ethical challenges still hinder the full-scale deployment of
data analytics to address cybercrime.
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3 Ethical Challenges in Data Collection and Analysis

When collecting data for analysis, it is essential to follow several ethical principles,
including data ownership, considerations of discrimination and bias, and the security
and safety of the collected data [46]. These principles ensure that data is handled
responsibly andwith respect for individuals’ rights. For law enforcement, as a public-
facing entity, transparency in data collection methods and their utilization is critical
for retaining public trust. Trust plays a prominent role in addressing the ethical
challenges of collecting and analysing vast amounts of data [37]. Without trust,
public cooperation and support may diminish, potentially hindering law enforcement
efforts. Public support for law enforcement’s data collection efforts depends on the
assurance that the data is stored and processed legally and ethically. This trust is built
on the foundation of clear communication and adherence to ethical standards.Despite
these efforts, researchers have raised significant concerns about the application of
data-driven algorithms in law enforcement [2].

Asaro [2] notes that while using predictive analytics and AI in policing is not
inherently unethical, several factors need careful consideration. The deployment
techniques must be transparent and well-regulated to prevent misuse. These include
the deployment techniques, understanding the dataset, reflecting on how the data
was originally collected, and potential biases that may skew the dataset. Biases in
data collection can lead to unjust outcomes, affecting marginalised communities
disproportionately. Although the principal application of predictive analytics in law
enforcement is not unethical, the surrounding factors in data acquisition and analysis
introduce the potential for unethical practices.

Exploring the algorithms used in Big Data Analytics further, the inherent biases
based on the training data raise numerous concerns. These biases can lead to unfair
or discriminatory outcomes in fields such as law enforcement [56]. Addressing these
biases requires rigorous evaluation and ongoing adjustments to the algorithms. One
viewpoint highlights that predictive analytics in law enforcement could frame inno-
cent individuals as potential future criminals [16]. While predictive analytics aims
to prevent criminal activity, it raises concerns about prejudice and treating individ-
uals as guilty of future crimes they have not committed (and may never commit)
[2]. Such practices can erode public trust and infringe on civil liberties, leading to
societal backlash. Specifically, the lack of transparency around the algorithms and
the high risk of false positives raises questions surrounding the ethical requires and
potential for discriminatory practices in cybersecurity efforts.

The ethical implications of data collection and analysis in policing encompass
concerns regarding privacy, fairness, and potential biases. These concerns are height-
ened by the increasing sophistication of surveillance technologies. Balancing the
need for public safety with individual rights is crucial for ensuring ethical practices
within law enforcement. Although predictive analytics can enhance law enforce-
ment’s ability to predict and deal with crimes, the potential risks to public privacy
must be considered [47].
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Researchers have highlighted a core ethical issue with predictive policing: it often
targets high-risk individuals rather than high-risk areas [11]. For instance, in 2026,
the Human Rights Data Analysis Group investigated drug offenses in Oakland, Cali-
fornia. Their predictive policing model directed resources to low-income minority
neighbourhoods, despite health data indicating widespread drug usage across all
areas of the city. This example underscores the risk of reinforcing existing biases
and inequalities through data-driven policing.

Potential biases in data analysis for policing include racial, socioeconomic, and
geographic biases, which may result in disproportionate targeting or enforcement
actions against certain demographics, perpetuating systemic injustices within the
criminal justice system. Efforts to mitigate these biases must be integral to the
development and implementation of predictive policing technologies. While there is
universal agreement on the ethical concerns surrounding the use of personal data for
predictive analytics, a unified consensus on what constitutes ethical and unethical
applications has yet to be reached [59]. Ongoing dialogue and policy development are
essential to navigate these complex ethical landscapes. With rising interest in police
processes, law enforcement’s use of technology and data is under close scrutiny [31].
Such scrutiny can drive improvements and accountability, ensuring that technological
advancements benefit society as a whole.

The use of data in law enforcement necessitates adherence to ethical principles
such as data ownership, transparency, and protection against discrimination and bias.
Ensuring these principles fosters public trust, which is crucial for effective law
enforcement. Predictive analytics and AI, while offering powerful tools for crime
prevention, present significant ethical challenges. These include potential biases in
data collection and algorithmic decision-making, which can lead to unfair targeting
of marginalised communities and false positive results. Balancing the public’s safety
with individual rights is essential, requiring transparency and rigorous oversight. As
law enforcement increasingly relies on data-driven technologies, ongoing evalua-
tion and ethical scrutiny are critical to address privacy concerns and ensure fair and
consistent practices. As expressed in the chapter, a unified consensus on ethical appli-
cations is still needed, and continued dialogue and policy development will be vital
in navigating these complexities and enhancing accountability in law enforcement.

4 Legal Frameworks and Data Protection

4.1 Overview of GDPR and Its Relevance to Policing
Cyberspace

The General Data Protection Regulation (GDPR) has brought about a significant
change in the data protection landscape across the EU/EEA [39]. Policymakers have
reached a consensus on developing a new legislative framework that aims to balance
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the protection of fundamental rights and principles with efficient cross-border coop-
eration. The GDPR protects the fundamental right to privacy of EU/EEA citizens
and limits the powers of intermediaries in handling, processing, and sharing EU/
EEA citizens’ data. It also imposes various obligations on these intermediaries to
safeguard the privacy of EU/EEA citizens, such as obtaining clear consent before
collecting personal data, providing information and access to data, allowing individ-
uals to request removal of their data from databases, and restricting data transfers to
countries that do not have an adequate level of data protection [19]. These obligations
have a significant impact on those who handle the data of EU/EEA citizens. Inter-
national companies and institutions worldwide that handle the personal information
of EU/EEA citizens are also expected to comply with the GDPR to ensure a strong
and adequate level of protection of personal data and proper data management. The
influence of GDPR has therefore prompted other nations to align their local laws
with GDPR provisions and, to this end, most countries in the world have come up
with GDPR-inspired bills [6, 54]. Moreover, GDPR compliance is not just a legal
necessity but a competitive advantage, as consumers are increasingly valuing their
privacy and aremore likely to trust companies that demonstrate robust data protection
practices.

The GDPR mandates that personal data must be processed lawfully and fairly,
considering the legality of the data [25]. Data minimisation is also a key principle
emphasised byGDPR, requiring data processing to be adequate, relevant, and limited
[25]. Additionally, storage limitations are endorsed by the GDPR, requiring personal
data to be stored only for the required period of time [25]. Under the GDPR, the
processing of personal data is prohibited except under the conditions outlined in the
Regulations [26]. This empowers EU/EEA citizens to have more control over their
personal data flow, protecting their individual rights. Furthermore, theGDPR encour-
ages organisations to implement strong data security measures, such as encryption
to protect personal data from breaches and unauthorized access. The fines imposed
under the GDPR are substantial [19] and serve as a deterrent for organisations that
are non-compliant. These fines can reach up to 4% of an organisation’s annual global
turnover, making it imperative for businesses to prioritise GDPR adherence.

4.2 Analysis of How GDPR Addresses Privacy Concerns
in the Context of Law Enforcement

TheGDPRestablishes a legal framework for authorities to balance the rule of lawwith
citizens’ privacy rights. The European Convention on Human Rights and Policing
highlights the importance of safeguarding individuals’ constitutional rights, such as
privacy, data protection, and freedom of expression [40]. Nonetheless, the processing
of personal data by law enforcement authorities can potentially affect the rights and
privacy of the individuals in certain situations, given that Big Data collection and
processing are fundamental to policing activities.
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Over the past few decades, there has been a surge in technological advance-
ments, leading to exponential growth in the amount of data. This growth has signif-
icantly impacted every sector of society, including the policing process. The inte-
gration of modern technology to combat cybercrimes, such as predictive policing
methods, recidivism prediction methods, automated biometric identification at the
border, and video surveillance systems with automated face or behaviour recogni-
tion, has become increasingly common in policing practices [1]. As a result, the
extensive processing of personal data during policing activities, including the collec-
tion, recording, processing, disclosure and storage of data, raises concerns about
protecting the fundamental rights and ensuring the privacy of the data subject.

The GDPR imposes significant responsibilities on law enforcement agencies to
ensure fair, transparent, and secure handling of personal data, while also protecting
the fundamental rights and freedoms of individuals. According to the GDPR, the
processing of personal data related to criminal convictions and offences must be
done under the supervision of official authority or as authorised by relevant laws that
safeguard the rights of data subjects [20]. Furthermore, any comprehensive registry
of criminal convictions should only be maintained by official authorities [20].

According to the Recital 50 (Further Processing of Personal Data), if the data
subject has provided consent or when processing is mandated by Union or Member
State law as a necessary and proportionate measure to safeguard the public interest,
the controller is permitted to continue processing personal data regardless of the
compatibility of purposes [29]. Additionally, communicating potential criminal acts
or threats to public security by the controller and sharing relevant personal data with
a competent authority in individual or multiple cases related to the same criminal act
or threat to public security should be considered part of the controller’s legitimate
interests [29]. However, such transmission in the legitimate interest of the controller
or further processing of personal data should be prohibited if it is incompatible with
a legal, professional, or other binding obligation of confidentiality [29].

Recital 73 (Restrictions of Rights and Principles) of the GDPR outlines certain
restrictions on the various rights and principles such as access to personal data,
correction, or deletion of personal data, right to data portability and objection, and
decisions based on profiling, can be imposed by EU or Member State laws [30].
These restrictions must be necessary and proportionate to protect public security,
including human life during disasters, preventing criminal offences, and enforcing
criminal penalties [30].

After analysing the guidelines outlined by the GDPR, it can be determined that
the implementation of these regulations is focused on enhancing the protection of
personal data for individuals.
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4.3 Evaluation of GDPR’s Effectiveness in Balancing Law
Enforcement Needs with Privacy Rights

TheGDPRwas created to safeguard individual privacywhile also supportingbusiness
activities and growth in the digital era. In terms of cyber policing, it is crucial for
law enforcement to be able to identify individuals who engage in illegal activities
online, as these activities are on the rise. Collecting Big Data is seen as vital in
advancing broader policing objectives in cyberspace, such as maintaining order,
preventing cybercrimes, and safeguarding national security interests. However, these
measures can sometimes clash with the primary goal of GDPR, which aims to protect
individuals. Therefore, theremust be establishedmechanisms for accessing these data
in order to protect the rights of individuals, in accordance with the principles of the
GDPR.

Policing cyberspace is difficult mainly because of the transnational nature of the
crime in digital space and it is somewhat easy for perpetrators to take advantage
of gaps in the laws and infrastructure with the challenge being to police agencies
worldwide to combat the growing threats in cyberspace. Therefore, it is essential for
national governments and international organisations (i.e. United Nations) to recog-
nise and support the measures employed by law enforcement to enhance their oper-
ational effectiveness. However, when law enforcement activities and social control
are oversized, it can also negatively affect a democratic society since it leads to
a surveillance society. In a surveillance society, private life can be threatened and
therefore there may be a lack of true freedom.

The GDPR primarily focuses on data protection for individuals and businesses,
while also acknowledging the importance of data processing for law enforcement
activities. Article 23 of the GDPR allows for limitations on certain rights and respon-
sibilities in cases such as national security, defence, and public safety, which can be
utilised by law enforcement agencies [21]. Information concerning criminal allega-
tions, proceedings, or convictions related to an individual is pertinent in the context
of an internal investigation. This data is processed under the control of a legal or
official entity to ensure appropriate safeguards are in place to protect the rights and
freedoms of data subjects [20].

When processing data in an internal investigation, law enforcement officers must
be very cautious. A recent incident involved a Nottinghamshire police officer being
found guilty of accessing records related to the Nottingham attack suspect without a
legitimate reason for involvement in the investigation. The GDPR defines a ‘personal
data breach’ inArticle 4(12) as any incident involving a breach of security that leads to
accidental or unlawful destruction, loss, alteration, unauthorised disclosure, or access
to personal data [24]. Therefore, unauthorized access to a case file by a police officer
who was not directly involved in the case has been considered a data breach [43].
This could also be argued as a potential breach of personal data. In order to protect
the privacy of individuals, GDPR has established robust mechanisms. In the event
of a data breach, GDPR emphasizes the importance of informing the supervisory
authority [22] and the data subjects [23].
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In compliance with GDPR regulations, it is vital to ensure that law enforcement’s
access to personal data does not infringe upon the privacy of individuals. There-
fore, law enforcement activities must comply with the principles of necessity and
proportionality by ensuring that any data processing is limited to what is strictly
required for the specific law enforcement purpose. Recently, Europol has formally
requested unfiltered access to data in order to identify and remove online content
related to child sexual abuse [17]. However, such measures could potentially lead to
widespread surveillance of the citizens. According to theGDPRPersonal data should
only be collected for specific, explicit, and legitimate purposes and should not be
processed further in a manner that is inconsistent with those purposes [25]. However,
the GDPR states that any additional data processing conducted for archiving, scien-
tific research, historical research, or statistical purposes must be carried out with
appropriatemeasures to protect the rights and freedoms of individuals, and these safe-
guards should include measures to ensure data minimisation and pseudonymisation
can also be used appropriately [27].

Furthermore, the literature highlights the importance of metadata, especially for
law enforcement agencies such as the police, in supporting investigations and linking
individuals connected to cases. While explicit consent for data processing is a key
requirement of the GDPR [26], it may not always be practical for law enforcement
authorities. As a result, there is a need for law enforcement to ensure that their data
processing activities are in line with legal regulations. For example, in 2022, a hoax
bomb threat was spread in several states in India [51]. The perpetrator was identified
through the analysis of the IP address and device details used to send the hoax
email. By providing this information to law enforcement, the authorities were able
to apprehend the individual. Moreover, metadata analysis can also include location
data, timestamps, and network connections, all of which play a crucial role in piecing
together criminal activities and establishing a timeline of events. Additionalmetadata
such as the phone model, browser history, and search engine keywords reported to
assist in building a case against the suspect. In accordance with the GDPR’s data
minimisation principle, it is crucial to only gather personal data that is adequate,
relevant, and limited to what is necessary for the purpose of processing [25]. Against
that background, it raises the question of whether it is necessary to collect all of
the above data and share it with law enforcement authorities to capture the culprit.
Balancing the need for comprehensive metadata collection with privacy concerns
remains a complex challenge, especially given the rapid evolution of technology and
data usage practices.

The unique nature of police and judicial activities in criminal matters necessitates
different rules regarding the protection of personal data in order to facilitate the
efficient exchange of information and enhance cooperation between member states
in these areas [57]. The handling of personal data by competent authorities for the
purpose of preventing, investigating, detecting, or prosecuting criminal offences,
as well as ensuring public security and free movement of such data, is governed
by a specific legal act within the European Union. The primary objective of this
directive is to uphold individuals’ right to the protection of their personal data while
ensuring a high level of public security. When personal data is processed by public
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authorities for these reasons, it must comply with a more specific Union legal act,
specifically Directive (EU) 2016/680 of the European Parliament and of the Council
[15]. This directive outlines strict guidelines and safeguards to prevent misuse of
personal data, including provisions for oversight, accountability, and individuals’
rights to access and rectify their data. Ensuring compliance with these regulations is
vital for maintaining public trust and the legitimacy of law enforcement operations.

5 Balancing Security and Privacy

As technology continues to advance, governments are increasingly turning to new
surveillance tools. While these tools can be valuable in detecting and addressing
potential threats, they also raise concerns about privacy and intrusion into citizens’
personal communication and data. In the UK, there have been particular concerns
regarding theOnlineSafetyBill andEnd-to-EndEncryption (E2EE).Thebill requires
that operators of services design and operate their services in a way that would
mitigate the risk of sharing illegal media between individuals, specifically child
abuse and pornographic images [44].While service operators have a vital role to play
in combatting this activity, there are concerns that for service providers to comply
with the bill, the mechanisms put in place would require them to actively break
E2EE, something considered to be a fundamental human right to protect privacy and
freedom of speech for legitimate purposes [5]. This has since been amended to only
include the scanning of child abuse images if technically feasible. Facial recognition
systems implemented at concerts and sports events have sparked controversy [18].
Governments employ this technology to pinpoint individuals of concern, such as
those on their watch lists for suspected terrorist activities or public disorder offences
like football hooliganism. While the use of this technology for these purposes is
reasonable, questions have arisen regarding the vast quantity of data being gathered
and whether governments are adhering to legal regulations when processing the
facial profiles generated at such events. Research by Wang et al. [53] highlights
the challenges facing facial recognition technology in light of the fragmented legal
frameworks and inadequate safeguards in place to protect an individual’s rights and
privacy. The potential for misuse of facial recognition data is significant, with fears
that it could be used for mass surveillance or to unjustly target minority groups.
Ensuring transparency and accountability in the use of such technologies is critical
to maintaining public trust.

With the rise of biometric data, such as fingerprint and iris scanning, airports are
utilising this technology to bolster security and efficiently track entry and exit in
accordance with visa status [34]. While these measures are also touted as expediting
boarding procedures, concerns have been raised regarding the storage, processing,
and length of retention of this sensitive information. The use of biometrics can
result in the classification of individuals based on physical characteristics such as
gender, age, and ethnicity, potentially leading to social exclusion.Misuse of biometric
data can have serious consequences as it’s not possible to alter biometric traits.
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Privacy protection is a major concern, with actual and perceived risks influenced
by factors such as the application context, the type of biometric trait used, and the
user’s confidence in the technology. Different countries have varying perspectives on
privacy compliance in biometric systems. It’s essential to consider the system’s scope,
user control of personal data, disclosure to users, and data protection techniqueswhen
implementing privacy-compliant biometric systems. The FIDELITY project aims
to address current vulnerabilities in e-Passports and develop more secure, privacy-
compliant versions [12].

Governments undoubtedly have a crucial responsibility when it comes to
protecting the public from various threats, including both physical and cyber-related
threats, with failings in this area often bringing them under considerable scrutiny.
With technological advancements, governments havemore tools at their disposal than
ever before to protect society, but the speed of implementation has raised concerns
about transparency and trust. Public confidence in governments worldwide remains
at an all-time low,making it challenging to address concerns in this area. One solution
to ensure transparency and accountability is through independent oversight bodies.
These organisations are able to provide an impartial assessment of how government
agencies use technology to safeguard citizens and identify areas for improvement.
Judicial consent can also be used to improve trust and obtained before deploying
facial recognition technology at public events to protect citizens’ privacy and civil
rights. Finally, governments need to be transparent about how they process and
report on the data collected. The public requires confidence that their data is being
used for legitimate purposes. To conclude, technology can be a powerful tool for
governments to combat various threats, but transparency and trust must be their top
priorities. By implementing oversight mechanisms, obtaining judicial consent, and
being transparent about data processing and reporting, governments can go some
way in gaining public trust.

6 Conclusion and Recommendations

As technology continues to advance, law enforcement is increasingly turning to new
surveillance tools to combat various threats, including cybercrimes and physical
security risks. These technologies, such as facial recognition, biometric scanning,
and enhanced data monitoring, offer powerful capabilities to enhance public safety.
However, they also bring significant concerns regarding privacy, civil liberties, and
the potential for misuse of personal data. Addressing these concerns while leveraging
technological advancements effectively requires a delicate balance between security
imperatives and protecting individual rights.

As discussed, in the United Kingdom, for instance, the Online Safety Bill has
generated considerable debate due to its potential impact on end-to-end encryption
(E2EE). Originally proposed to mitigate the sharing of illegal media, particularly
child abuse images, the bill raised concerns that complying with its requirements
could compromise fundamental human rights to privacy and freedom of speech.
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The subsequent amendment focused on scanning child abuse images if technically
feasible, highlighting the challenge of aligning law enforcement needs with privacy
protections in the digital age. Facial recognition systems deployed at public events
and biometric data scanning in airports are other examples of technologies aimed at
enhancing security measures. However, these initiatives have raised legal and ethical
questions about the collection, processing, and storage of personal data. Outdated
legal frameworks and the potential for mass surveillance underscore the urgent need
for stricter regulations to safeguard individuals’ rights and ensure transparency and
accountability in the use of surveillance technologies.

To address the raised challenges effectively, law enforcementmust prioritise trans-
parency and trust-building measures. Independent oversight bodies play a crucial
role in providing impartial assessments of technology deployments and ensuring
compliance with privacy protections and civil rights. Additionally, obtaining judicial
consent before deploying surveillance technologies and being transparent about data
collection, processing, and usage are critical steps to build public confidence.

As an attempt to protect users the General Data Protection Regulation (GDPR)
in the European Union (EU) provides a comprehensive legal framework for the
protection of personal data. It mandates that personal datamust be processed lawfully
and fairly, emphasising principles of data minimisation, storage limitation, and the
rights of data subjects. For law enforcement activities, the GDPR imposes specific
obligations to ensure fair, transparent, and secure handling of personal data, balancing
the needs of law enforcement with privacy rights. This legal framework serves as a
model for other countries looking to adopt robust data protection laws.

In the context of predictive policing and data-driven law enforcement, ethical
concerns have arisen regarding biases in data collection and algorithmic decision-
making. Predictive analytics, while potentially powerful in crime prevention, can also
perpetuate existing biases and lead to unfair targeting of marginalized communities.
Ongoing evaluation, transparency, and adherence to ethical standards are essential
to mitigate these risks and ensure that technological advancements benefit society as
a whole.

In the area of cybersecurity, the ethical implications of data collection and anal-
ysis are heightened by the increasing sophistication of surveillance technologies.
Balancing the need for public safety with individual rights is crucial for ensuring
ethical practices within law enforcement. The application of predictive analytics
and AI in policing requires careful consideration of data biases and algorithmic
transparency to prevent unjust outcomes and maintain public trust. Moreover, as
law enforcement continue to deploy biometric technologies for security purposes,
concerns about data privacy and security become more pronounced. The storage,
processing, and retention of biometric data pose unique challenges due to their sensi-
tive nature and potential for misuse. Stricter regulations and privacy-compliant prac-
tices are essential to mitigate these risks and protect individuals from unauthorized
access and identity theft.
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Looking forward, law enforcement must adopt a holistic approach to technology
deployment that prioritises human rights, privacy protections, and ethical consid-
erations. By enhancing transparency, establishing independent oversight mecha-
nisms, and updating legal frameworks to reflect technological advancements, govern-
ments can build public trust and ensure that surveillance measures are proportionate,
necessary, and compliant with legal and ethical standards.

In conclusion, while technology offers powerful tools for law enforcement
to enhance public safety and security, protecting individual rights must remain
paramount. By implementing robust oversight mechanisms, obtaining legal consent,
and maintaining transparency in data collection and usage, governments can strike a
balance between security imperatives and privacy protections, thereby earning and
maintaining public trust in the digital age. These measures are essential for fostering
a society where citizens’ rights are respected, and technological advancements are
used responsibly for the benefit of all.
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Securing E-Voting Authentication:
A Framework Integrating AI-Based
Facial Recognition

Xhesika Pasha and Hamid Jahankhani

Abstract Electoral elections are the basis of democratic governance, with an unpar-
alleled importance that shapes the trajectory of a nation. Current paper-based systems
continue to be a significant challenge in many countries, bringing problems related
to trust, transparency and security. To avoid this many countries have seen electronic
voting as a more attractive and efficient alternative. These electronic systems imple-
mented in some countries, where the advantages of their use have been obvious,
have also encountered their own set of challenges. Massive manipulations in voting
results can happen even from a very small vulnerability. New technologies that are
under development such as biometrics, blockchain and machine learning have been
implemented to revolutionize the paradigm of electronic voting. Facial recognition
is a modality used by us to authenticate voters, while we use algorithms such as Haar
Classifier algorithm for the most accurate recognition of identity to guarantee trans-
parent, safe and avoidable voting. We propose an architecture of the face recognition
system, database management andmachine learning process. A simulated case study
is developed to illustrate the functionality and effectiveness of the systembased on the
2020 elections in theUnited States. The systemproposed allows users to automate the
identity verification process by ensuring a good database management and a secure
network that increases efficiency and transparency. Future research is envisioned to
drive improvement of this system by implementing real-world scenarios.
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1 Introduction

The evolution of technology over the years is one of the main factors in the trans-
formation of human life, including democratic processes such as voting. Electronic
voting systems (e-voting) are a process that promises ease, access and efficiency
in conducting elections. This implies democratic participation and representation at
a higher level than manual voting processes. Despite the many advantages, voting
systems present difficult challenges in guaranteeing security and integrity. One of the
main challenges related to the security component is the verification of the identity
of the voters. This challenge is related to preventing unauthorized access to voting
platforms. Bearing this in mind, this paper aims to present the main challenges
of electronic voting systems, especially that of identity verification through facial
recognition technology based on artificial intelligence. This technology has had a
high development in recent years considering the spread of algorithms and its wide
use from the availability of facial data sets. Furthermore, the use of this technology
aims to improve the electronic voting process, mainly that of identity verification
based on the unique features of the face. We aim to answer and address what is
the impact of AI-based technology to ensure an electronic electoral process with
integrity and how does it minimize identity theft attempts? In addition, how it can
guarantee accessibility, auditability, transparency andmitigate vote-buying attempts?
Also, what are the government mechanisms and compliance measures that are inte-
grated into the framework reflecting the legal validity of AI-based facial recognition
E-voting systems?

This research aims to develop a comprehensive framework that integrates AI-
based facial recognition technology in political elections The exploration of the
potential of technology and biometric identification to increase the transparency and
security of voting through the Internet is possible through this document, representing
one more step towards electronic voting. Our proposal is the implementation of
an architecture using face recognition technology and algorithms, managing the
database in a rigorous manner. This system has one main purpose and that is to
ensure stability, ease and access using standard methodologies This with the main
aim of increasing security, privacy and trust in these processes. In addition to the
simulation of a case study provided on this document, it is also intended to develop
the theoretical bases of the existing facial recognition algorithms, their applicability
and our proposed system in real world scenarios.

2 Literature Review

The electoral process of voting is a process through which individuals express their
opinion on their political representative in an individual, independent and confidential
manner. This process over the years has gone through several stages, causing drastic
changes over time. The term voting comes from the Italian language, ballot, which
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means a small, coloured ball, considering that the first votes were made using balls.
In ancient Athens, the voting process was carried out through clay balls, where
individuals voted by throwing clay balls into the clay pot of their favourite candidate
[1].

This voting practice continued until the end of the nineteenth century, as over time
the methods of doing work were facilitated by the development of the invention of
machines. The same thing happenedwith the voting process,moving from a primitive
voting system to a more advanced machine system. The first car in service of the
electoral process was the “Myers automatic booth” which in 1892, represented in
Lockport, New York [2]. This machine works through a mechanical lever where
each ballot issue or candidate is designated by a lever. The voter must pull the lever
after entering the booth by pulling the curtains to preserve privacy. The next step
is to pull the lever assigned to the desired candidate. Once this is done, the voter
returns to the initial position of the lever at its exit, automatically returning it to its
original position, ready for the next intervention. This machine records each vote
and the number of voters [3]. These machines had the peak of their development
in 1930 where every big city of the USA started using them. This continued until
the 1960s, the voting process was carried out with votes from more than half of the
country. The USA used this practice in the presidential elections of 1996. From this
moment on, the machines with levers were no longer produced as their replacement
with computerized voting machines began.

Furthermore, in 1880, a standard punch card was created by Herman Hollerith
to manage health data from the Baltimore Board. The positive effect of using this
card encouraged its use in the 1890 population census in the USA [4]. This card
worked by drilling small holes glued into a hard board. After the voters drilled the
holes, a chad was formed. At the end of voting, the voter has the right to throw
the ballot into a computerized vote tabulation machine or into the ballot box. From
this practice of developing this process, the “votomatic” and “datavote” cards were
created. Voting cards correspond to each of the holes where their total number is the
only information printed on the card. Meanwhile, the information on the candidates
remains confidential [5]. On the other hand, the data voting differs from the voting
one as the information on the candidates and the ballots is printed near the marking
hole. The use of electronic direct registrationmachines (DRE) is an added facilitation
of voting processes, avoiding the need for ballots. These machines operate using a
touch screen as well as a keyboard if the voter wants to use it to write in the vote.
Saving votes is possible through a memory chip or smart card. The most popular
versions of these electric machines are known as Votrite [6].

Electronic voting has facilitated the voting process in some of the countries that
have implemented it. This process is seen as an alternative to improving the demo-
cratic process in the country, managing elections, strengthening trust and increasing
it in the election results, aiming to increase the efficiency of this process. For the first
time, electronic voting was implemented in Estonia, which resulted in a number of
digital votes many times higher than paper ballots. I-voting was a government effort
proposed by the Baltic country in 2005 to promote electronic data administration
and digital services at all administrative levels. This means receiving online services
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from all those individuals, whether in the cases of opening a bank account, filing
taxes and many other services through the Internet [7]. During the period of imple-
mentation of the online voting system, votes were registered without a time limit in
the vote transmission server until the end of the electoral process. Universal digital
discs (DVDs) were used for burning coded votes. The next step was to hack them
into a counting server that does not understand a device with air gaps that contains
the private key of the elections. The counter’s server made it possible to count the
votes after a successful decryption.

2.1 Authentication Methods in E-Voting: Passwords
and Cryptographic Techniques

Voting is a very important process in elections and so are the personnel who super-
vise this process. Numerous changes on this process have been enumerated over
the years, where we can first specify the ballet cards used as a medium for voting
and later the inclusion of electronic machines where each of the displayed buttons
symbolizes a character. Currently, there are several authentication methods, among
which we have developed and implemented methods as well as methods still under
development. Below we will discuss some of the most important authentication and
privacy protection methods.

Online voting systems uniquely identify voters through several authentication
mechanisms, verifying their eligibility. The security of these mechanisms, which
differ from one another, depends on the way they are implemented. Digital identi-
fication as otherwise known and eID will be examined more in this study consid-
ering the European context of its use. This is because the strengthening of eIDAS
directly affects the electoral voting process. The European Union (EU) has spon-
sored the eIDAS initiative, which aims to facilitate electronic transactions through
organizations, economic operators or other institutions [8].

Furthermore, security problems are numerous considering the rapid development
of technology. Currently, there are many new studies on system development and
security problem solving. The individual password is one of the most used elements
to fulfil security requirements. Also, the development of othermethods such as that of
the development of cards are used for reasons of their protection from theft, closing
holes or forgetting passwords [9]. Card technology works using private identifica-
tion numbers (PINs) as well as ID cards. Identification of people according to their
physical characteristics is a method of biometric systems. These systems include the
methods of feet, voice, fingers, face, hand shape, retina and iris.
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2.2 Biometric Authentication: Integrating Facial Recognition

Themost widely used biometric authentication is facial recognition, which is consid-
ered one of the most sophisticated methods for avoiding and preventing individuals’
attempts to cheat the electronic voting system by castingmultiple votes with different
IDs and names. As much as this method is required, it is difficult in terms of calcu-
lation, considering different factors that influence the identification of the individual
by physical types. These factors have to do with the background of the image, the
angles, the expression of the face and the lighting of the image [10]. There are many
algorithms that fulfil the purpose of identifying individuals through digital systems,
but the most applicable system now is Eigen-face based facial recognition. The
mathematical approach known as principal component analysis (PCA) enables the
extraction of Eigen-faces from each image through the physical features of the faces.
But not always these features are present in the initial saved image, by restoring all
the self-faces in the right place, these features can be reconstructed [11]. The largest
part of the total amount of Eigen-faces is occupied by the features with the largest
size in the initial image, while those with the smallest features occupy a very small
place, or do not exist at all. Despite the ability of this algorithm to make massive
identifications, there are cases of its deception by people with the same features or
identical twins. Comparing these methods with one another highlights the fact that
none of them represents the most reliable verification technique. In this way, to have
a more efficient and reliable system, it is necessary to implement twomain steps. The
first is face recognition and the second is fingerprint recognition where the chances
of failure are zero [12].

2.3 Multi-factor Authentication (MFA) in e-voting

Multi-factor authentication is the verification of the user’s identity using one or more
combinations of credentials, which is known differently and is a layered approach for
securing data and applications. The use of multi-factor authentication is a necessity
for election security officials as it enables another layer of protection in their systems.
Even in cases where credentials are at risk, it is very difficult for the attacker to iden-
tify himself without passing the verification of the second credentials. This means
preventing the attacker from entering the target area, network, computer device or
database. The Cyber Security and Infrastructure Security Agency of theDHS empha-
sizes through a published document onMFA technology that election officials should
adopt this technology for a more efficient protection against adversaries who aim
to access the database and other electoral infrastructure. “MFA can help prevent
adversaries from gaining access to your organization’s assets even if passwords are
compromised through phishing attacks or other means,” the document says [13].
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2.4 Ai-Based Facial Recognition Technology

Any software or system for facial detection and recognition has an underlying face
recognition algorithm.Experts categorise these algorithms into twoprimarymethods.
The geometric method concentrates on unique characteristics. The statistical tech-
niques known as photo-metric are employed to extract values from images. Next, to
remove variations, these values are compared to templates. Additionally, the algo-
rithms can be separated into two more broad categories: holistic models and feature-
basedmodels. Holistic approaches concentrate on facial landmarks and examine their
spatial characteristics and relationship to other features, whereas the former method
considers the human face. In image recognition, artificial neural networks can do
numerous mathematical operations concurrently, and facial recognition systems rely
heavily on mathematical computations [14].

The three major jobs that the algorithms carry out are: identifying faces in an
image, video, or real-time stream; creating a mathematical model of a face; and
comparing the model to training sets or databases to confirm or identify a person.

The most popular facial recognition algorithms and essential algorithms are
discussed below.

2.5 Convolutions Neural Network (CNN)

One of the most advances in artificial neural networks (ANN) and AI development
is the convolutional neural network (CNN). It is among the most popular methods
in the field of deep learning, a branch of machine learning where a model gains
the ability to classify an image, video, text or sound directly. In multiple domains,
including computer vision, neural language processing (NLP), and the largest image
classification dataset, themodel exhibits remarkable performance. The convolutional
and pooling layers of CNN are additions to a standard neural network. [15] These
layers, which number in the hundreds or even thousand, are what CNN uses to learn
how to identify various elements in image.

2.6 Eigen Faces

Eigenfaces is an image of data sets face variance detection and recognition technique.
It uses machine learning to encode and decode faces through these deviations. A
group of “standardised face ingredients” identified through statistical analysis of
several face photos is called an eigenfaces set. Facial traits are given numerical
values since this approach uses statistical databases rather than digital images. These
values are combined in various percentages to from any human face. [16]. Eigenfaces
is easy to use and computationally efficient, but because it uses linear transformations
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to describe facial data, itmay not be able to handle variations in position, illumination,
and facial expressions. However, Eigenfaces continues to be a cornerstone algorithm
in the field of facial recognition and has opened the door for more advanced methods
that improve upon its basic ideas while addressing its fundamental algorithms [17].

2.7 Kernel Methods: PCA and SVM

Principal component analysis (PCA) is a widely used statistical technique with a
widely used statistical technique with a wide range of real-world uses. PCA seeks to
minimise the quantity of the source data while maintaining the most pertinent infor-
mation when applied to face recognition. It produces a series of weighted eigen-
vectors, which together create eigenfaces, which are large collections of various
representations of human faces. As a result, PCA can effectively describe and clas-
sify facial variables that most influence facial variations. But because PCA is linear, it
might not be able to capture intricate nonlinear correlations in facial data, especially
in situations where the distribution of facial variants is nonlinear. But because PCA
is linear, it might not be able to capture intricate nonlinear correlations in facial data,
especially in situations where distribution of facial variants is nonlinear [18].

Similarly, variables like dataset imbalance, regularisation parameters, and kernel
selection affect how well SVM performs. Achieving the best classification results
requires selecting a kernel function that accurately represents the underlying structure
or facial data. A machine learning technique called Support Vector Machine (SVM)
uses the two-group classification principle to discern between faces and “not-faces”.
To classify new test data, an SVM model is given a labelled training data set for
each category. Furthermore, real-time facial recognition applications may encounter
difficulties due to SVM’s memory and computational complexity, especially when
working with large-scale datasets [19].

2.8 Three-Dimensional Recognition

Three Dimensions Recognition (3DR) represents a very important element in AI
technology and its advancement by using three-dimensional face data to get over
the drawbacks of conventional two-dimensional (2D) techniques. Pose fluctuations,
lighting differences, and major issues that impede the effectiveness of 2D facial
recognition algorithms. This is one of the main benefits of 3DR [20]. This feature
is especially helpful in real-world scenarios like biometric authentication, access
management, security and surveillance where precise and dependable facial recogni-
tion is crucial. Furthermore, themost recent study has used the technology to translate
3D geometric data onto a standard 2D grid. It achieves the best performance reported
on the face Recognition Grand Challenge 3D facial database (FRGC) and enables
the combining of the descriptiveness of 3D data with the computational efficiency of
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2D data. Despite these benefits, hardware requirements, computational complexity,
and data gathering may provide obstacles to the actual application of 3DR methods
[21]. More expensive and less widely available than standard cameras, specialised
sensors or equipment may be required to obtain precise and high-quality 3D facial
data. In conclusion, Three Dimensions Recognition (3DR) presents a viable method
for AI-based facial recognition by utilising three-dimensional facial data to improve
accuracy, robustness and dependability.

3 Security Challenges in E-Voting Authentication

• Cyber-attacks optimization

The use of generative AI and large language models, according to many experts,
hackers can use this method to cause attacks at a level that is not easily controlled
in terms of speed and complexity. This happens through the use of fresh methods
through generativeAI to take advantage of geopolitical tensions and undermine cloud
complexity. Ransomware and phishing attacks can be optimized by polishing them
with generative AI [22].

• Automated malware

Every day, hundreds of threat alerts are generated by automated threat detection
systems: most of these signals are automatically blocked. Simultaneously, a certain
portion is sent to security specialists for examination to sport new assaults. This
approach necessitates several hours of physical labour, intuitive judgement and a
through comprehension of the situation-elements that are completely beyond the
scope of any automated technology. One of the main obstacles in the malware
investigation process is the manual processing of machine-generated alarms.

• Data manipulation and data poisoning

AI system integrity and dependability are seriously threatened by data manipula-
tion and data poisoning. Attacks involving data manipulation and poisoning can
negatively impact the fairness and accuracy of facial recognition systems, producing
inaccurate or biased results in practical applications. Vulnerabilities in facial recog-
nition algorithms can be exploited by data manipulation techniques, leading to incor-
rect classification or identification of peoples’ identity under manipulated situations.
Similarly, data poisoning attacks can infiltrate the training dataset with biased or false
information, enabling the model to discover misleading correlations or associations
that are not applicable to new data [23]. Since these attack frequently take advantage
of flaws in the distribution of the underlying data and may go undetected during
model testing, they can be very difficult to identify and counter.

• Stealing AI models
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Stealing AI models represents a significant cybersecurity threat in the era of machine
learning and artificial intelligence. This is the illegal theft or reverse engineering of
proprietary AI models created by companies or people. Deep neural network models
are examples of black-box algorithms, which have complicated internal working that
are difficult to understand. These sophisticated models are attractive to attackers,
which make them easy targets. Furthermore, any machine learning model that has an
online interface or API that is accessible to the public is more vulnerable to model
theft [24].Malicious actorsmay use the obtainedmodels for a variety of unauthorised
activities, including intellectual property theft or illegal access to confidential data.
Beyond just financial losses, the consequences of AI model theft also include threats
to society, such as security flaws, privacy violations and the erosion of trust in AI
systems.

4 Quantum Computing and Its Implications for E-Voting
Securities

Quantum computing is a technology that offers the potential to solve complex
problems faster than classical computers. In electronic voting systems, quantum
computing presents many challenges that require preliminary consideration. This
technology promises to improve cryptographic protocols and strengthen the security
of electronic voting systems by developing algorithms resistant to attacks. Quantum
cryptography offers the possibility of unbreakable encryption schemes based on
the principles of quantum mechanics [25]. This means. The risk of eavesdropping
and data attacks during the electronic voting process. However, the development of
quantum computing poses threats to electronic systems. For this, there are two tradi-
tional cryptographic voting schemes, such as RSA and ECC, which have the function
of solving discrete logarithm problems and rely on the difficulty of factoring large
numbers. In addition, quantum computers could break cryptographic protocols such
as the RSA algorithm, which is otherwise known as the basis of digital signatures
and public key infrastructure (PKI) in electronic voting systems. Another risk asso-
ciated with the development of this technology is quantum hacking, which has to
do with the use of quantum calculations by adversaries to organize attacks, using
communication channels and quantum key distribution (QKD) protocols [26]. These
attacks have serious consequences related to the confidentiality of information, the
credibility of voters and the destruction of communication between parties. Efforts
to avoid these attacks require disciplinary cooperation between the parties to develop
countermeasures and increase the stability of the electronic voting infrastructure.
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5 Blockchain-Based Authentication Mechanisms
for E-Voting Systems

Blockchain serves as a decentralized ledger system enabling participants to store and
exchange information directly without prior knowledge or trust. This is achieved
by aggregating data records into cryptographically signed blocks, preventing data
tampering.Bitcoin’s blockchain, for instance, operates on aProof-of-Work consensus
mechanism, whereminers attempt to reverse the hash of previous transactions to gain
rewards. Reversing a hash is computationally intensive, making it nearly impossible
to fake, as all nodes must agree on it unless one controls over 50% of the computa-
tional power. Alternatively, Proof-of-Stake, a protocol requiring less computational
power, selects miners randomly based on the number of coins they commit tomining.
However, this could lead to centralization by wealthy individuals, as mining power
increases with wealth [27]. The SHA (Secure Hashing Algorithm) cryptographic
hash function, designed by the United States National Security Agency, produces
a 256-bit hash value. SHA-256, a new hash function, avoids collusion problems
and is considered reliable. Additionally, the Homomorphism encryption property
allows operations on ciphertexts without decryption, enabling, for instance, the
counting of encrypted ballotswithout disclosing ballot information.However, despite
blockchain’s decentralized design, managing multiple actors introduces governance
and coordination challenges [28]. This complexity complicates software mainte-
nance, bug fixes, and new software deployment. Unlike centralized systems, decen-
tralized ones lack a single control point, making protocol changes, even for security
fixes, require extensive coordination. Therefore, blockchain’s advantage in decen-
tralization becomes a disadvantage, as addressing security flaws takes longer than in
centralized systems.

6 Sovereign Identity and Self Sovereign Identity (SSI)

Critics of SSI research have pointed out that it relies solely on principles and concepts
described in text format. They argue that many principles attributed to SSI pertain
to the identity management system rather than the identity itself. To address this,
Ferdous et al. proposed adding principles such as ownership, choice ability, cost,
autonomy, and standardization [29]. They also developed a mathematical model to
illustrate SSI. In this context, the identity issuer is the entity that creates or issue’s
identity attributes that characterize the identity subject. Conversely, the identity
holder is an entity responsible for interacting on behalf of this identity, typically
the identity subject unless legally represented by a guardian. A verifier, on the other
hand, is a party that verifies or relies on presented identity information. This verifica-
tion process involves presenting an individual’s claims about themselves. A claim is
a statement regarding a specific subject, and a verifiable claim is one that is enhanced
with an issuer’s signature, providing trustworthiness to prove the claim’s authenticity.
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These verified credentials (VCs) are checked using cryptographic proof. Authenticity
and integrity of VCs are ensured by distributing them as cryptographic tokens. An
identifier allows for unique identification of a person without necessarily disclosing
any additional information. This minimal data, represented by a URL-type identi-
fier, is known as a decentralized identifier (DID) [30]. According to the World Wide
Web Consortium, DIDs function globally and do not require a centralized registra-
tion entity. They are under the user’s control and registered within a decentralized
network, such as a distributed ledger (DLT) [31].

Public and associated secret are two types of the DID, both with different func-
tions. The associated secret is used to prove ownership of the identifier and estab-
lishes a strong link between the DID and the data. While SSI does not necessarily
mandate blockchain as its infrastructure backbone, some scholars speculate that
implementing the SSI concept could be fully achieved through blockchain’s features,
such as decentralization, peer-to-peer interactions, and data integrity.

Several studies have explored how blockchain technology (BCT) could enhance
digital identity, emphasizing the need to strike a balance between centralization and
decentralization in DLT-based identity management systems [32].

7 Research Design

Several approaches, theories, and models presented in the current literature review to
address the complexity of voter data management will be compared in an evaluative
analysis. Ultimately, this research aims to improve knowledge of voter data manage-
ment by consolidating secondary data and providing evidence-based perspectives
on the opportunities and challenges of implementing a framework that integrates
AI-based facial recognition. The design of this paper is a mixed approach of quali-
tative and quantitative methods, which was chosen with the aim of exploring some
aspects of the topic that this paper deals with, which has to do with e-voting authen-
tication and the integration of AI-based facial recognition technology. The focus of
this research is based on literature review and document analysis to gather insights
into the perceptions regarding e-voting processes. This means the use of qualitative
data to create a clearer picture of the behaviour and experience of stakeholders such
as voters, election officials and cybersecurity experts. While on the other hand, the
quantitative aspect includes empirical studies to evaluate the performance, accuracy
and reliability of the proposed framework [33].

The primary method of data collection includes an in-depth study of current
literature and documentary analysis of current academic works. This also includes
government reports and technical documents related with e-voting authentication,
cybersecurity, facial recognition technology and relevant legal and regulatory frame-
works. Extracting pertinent data, conclusions, and insights from selected secondary
sources will be the methodical steps in the data extraction process. A critical assess-
ment of the results will be possible through the arrangement and fusion of extracted
data to provide thematic and comparative analysis. A validation check will establish
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accuracy and consistency, minimizing bias or misinterpretation, and upholding cred-
ibility and reliability. Quality assurance processes will also confirm the methodolog-
ical rigor, credibility, and relevance of any secondary data obtained. These methods
allow the application of the best practices in this field based on the analysis and
synthesis of current knowledge.

To gain insight into the challenges and outcomes of implementing an AI-based
facial recognition framework, the data analysis in this research comprises a thor-
ough examination of secondary data obtained from relevant references, papers, case
studies, and literature. The first step in the data analysis process will involve a thor-
ough examinationof the literature,whichwill include scholarly publications, industry
analyses, policy documents, and research studies that have already been done on
CNN, blockchain technology, voter records, and data security. To identify relevant
themes, patterns, and insights that support the research goals, secondary data sources
will be carefully inspected and assessed.

Using a systematic categorization process, issues related to interoperability, legal
compliance, scalability, social acceptance, security concerns, and the impact of
integrated identity frameworks on e-governance will be identified and combined
[34]. Conversely, a comparative analysis will be conducted to evaluate and compare
different approaches, frameworks, and models that have been explored in the liter-
ature with reference to the complexity of managing voter records. By investigating
the benefits and drawbacks, as well as the applicability of various solutions recorded
in secondary data sources, a more comprehensive understanding of the efficiency
and feasibility of putting into practice AI-based facial recognition framework will be
gained. To ascertain their significance, veracity, and potential effects on practice and
policy, the conclusions derived from the data analysis will undergo a rigorous critical
review. Efficiency in the literature will be highlighted, along with the advantages and
disadvantages of the approaches used today. The goal of the research is to provide
nuanced viewpoints on the difficulties associated with managing e-governance data
and the potential benefits of an AI-based facial recognition system, all while main-
taining a critical eye. To arrive at significant conclusions and consequences for theory,
application, and future initiatives, the data analysis findings will be combined and
analysed.

The security aspects of credential issuing and verification processes in the AI-
based Facial Recognition framework will be thoroughly examined. Based on the
information gleaned from the literature research, potential hazards will be identified
and suggestions for enhancing security will be made. To identify common security
flaws and dangers associated with credential validation and issuance within the AI-
based Facial Recognition framework, an organized review of existing literature, case
studies, and reports will be carried out first. To gain insight into identifying vulner-
abilities and potential points of exploitation, secondary data sources like industry
publications, scholarly journals, and regulatory standards will be carefully exam-
ined. Analysing secondary data will make it possible to assess the effectiveness of
consensus processes, access control systems, encryption procedures, and crypto-
graphic methods used in credential validation and issuance. Results from the body of
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current literature will direct the assessment of security controls put in place in real-
world situations. A vulnerability assessment will be conducted to identify potential
weak points and exploitable flaws in the process of issuing and verifying creden-
tials. Identifiable vulnerabilities, as demonstrated by academic literature and industry
publications, can be obtained by secondary data analysis [34]. Examples of these
vulnerabilities include those related to smart contracts, privacy breaches, and key
management. The vulnerability assessment will be informed by real-world experi-
ences and grounded on empirical evidence when secondary data is used. Recommen-
dations for enhancing the security of the AI-based facial recognition framework will
be made considering the security evaluation’s findings. This approach may include
enacting more cryptographic safeguards, streamlining key management procedures,
fortifying smart contract security, and adopting techniques that promote privacy. The
foundation for recommending evidence-based security enhancements that are based
on accepted best practices and recent advances in research will be laid by secondary
data sources.

8 Proposed Framework

The proposed framework that integrates AI-based Facial Recognition consists of
evolving technologies such as Edge Computing, Automatic Functioning Internet of
Things andSmart Sensing,Data Storage,Deep learning techniques such asCNNs and
5G as aNetwork Infrastructure. Voters’ perception of security and the need to protect
themselves from attacks are two of the main reasons for the development of such
an electronic system for the voting process. So, this framework not only addresses
a secure system for voters, but also a strong and effective protection against viruses
compared to other existingmodels. This is an added value for this system, considering
that voters can cast their vote at long distances, electronically by having access to
the Internet and an electronic device. The advantage of this system is the saving of
time, energy and other resources compared to other voting systemswhere individuals
must appear physically. This is closely related to the right of voters to exercise their
exclusivity by guaranteeing the electorate 100% fool proof. Addressing the following
requests of the electoral process justifies the motivation behind the proposal of this
system.

Accuracy: The system should stop changing the votes cast by voting parties. It
is prohibited to count invalid votes in the final count, as well as erasing valid votes.
Furthermore, any preventive measure taken to avoid interference in the mechanism
by hostile parties will not interfere with the privacy of the electorate [35].

• Equality: Voters with the right to vote can access the electronic voting system; this
means the ability of the system to process the current data of the population and
to allow in this process only registered citizens of that country. Each registered
voter has the right to vote only once, which is weighted equally [36].
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• Privacy: Encrypting ballots to ensure their confidentiality through a specific cryp-
tographic technique. Thismethod avoids the possibility of linking the ballot papers
with the voter, in order not to reveal the identity and preference of the individual.

• Verifiability: This has to do with the ability of this system to allow voters to
independently check their votes if they have been counted correctly and without
violating privacy [37]. It also has to do with the permissibility of voters to verify
the results of the count, guaranteeing them that their representative parties were
included in the count.

• Convenience: The system should allow voters to votewith equipment andminimal
skills to be considered convenient for everyone. This has the effect of increasing
voter turnout and citizen support largely considering that a very large number of
voters is unfeasible to include in training.

• Robustness: The voting system is designed in such a way that it works even in
case of failure of a part of it. In cases where groups or coalitions of voters try to
intervene in the system to disrupt it, the system must respond in such a way that
they are not able to modify the ballot in an unauthorized format [38].

• Voter Independence: Avoiding duplication of votes; this means cases where a
voter can unknowingly publish another voter’s vote, for example in cases where
a vote is encrypted using only the server’s public key [39].

• Efficiency: The number of voters is proportional to the amount of computing and
communication skills.

• Fairness: it has to do with the non-publication of any partial results without
completing the electoral elections.

The following elements are the main components of the proposed system [40].

• Remote Access: By establishing a connection between voters’ selections and
previously registered facial images kept in the voting database, Remote Access
reduces the possibility of duplicate votes and improves election integrity. Facial
recognition implementation is fraughtwith difficulties due to differences in angles,
lighting, facial emotions and picture context [41]. Several methods are available
to tackle these difficulties despite their complexity, with Eigen-face recognition
emerging as a particularly promising method. Using Eigen-face recognition tech-
nology, Remote Access simplifies the authentication procedure and offers reliable
and strong way to confirm voter identities while maintaining the integrity and
dependability voting system [42].

• Five-factor security checks: The security system employs a five-factor authenti-
cation to ensure the safety and the integrity of the e-voting process. These factors
include Voted ID number, One Time Password (OTP), Fingerprint recognition,
Iris recognition and face recognition. Each voter is assigned a unique Voter ID,
which is barcoded and serves as the initial step in the voting process. Subse-
quently, an OTP is generated and sent to the voters’ registered mobile device,
serving as the second layer of security [43]. Fingerprint recognition is regarded
as the most advanced form of authentication due to the unique ridge patterns on
everyone’s finger, which remain consistent over time despite changes in finger
size. The minutiae algorithm is commonly employed for fingerprint recognition.
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Iris recognition, akin to face recognition and fingerprinting, utilizes high-quality
photographs of a person’s iris to identify distinct patterns, invisible to the naked
eye [44]. Face recognition, another biometric authentication method, is effec-
tive in preventing multiple voting attempts by individuals under different names
and IDs, thus enhancing the integrity of the voting process. A significant portion
of this issue can be addressed by identifying an individual’s facial features and
subsequently comparing them with those of previously registered voters in the
database, effectively preventing duplicate votes [45]. However, the process of
face recognition poses considerable challenges due to various factors such as
image context, lighting conditions, facial expressions, angles and poses. Conse-
quently, facial recognition is widely regarded as one of the most complex and
demanding computational tasks. While numerous algorithms exist to fulfil this
purpose, facial recognition based on Eigen-faces is often deemed more feasible
and effective.

• Secured Cloud Storage: The concept of a cloud database involves running the
database on a cloud platform, known as Database as a Service (DaaS). Using a
private cloud database simplifies data storage, access and retrieval, as it allows
remote access from anywhere with an internet connection. User data is encrypted
and stored using the MD5 encryption algorithm within the cloud database, and
decryption occurs during data recovery [46]. Cloud database services typically
provide users with clear visibility into the underlying software stack. Security in
cloud storage primarily revolves around protecting data, applications, and cloud
computing infrastructure. A strong security architecture must be able to iden-
tify and address potential management and protection issues. Recent efforts have
focused on increasing security through defense controls, which aim to mitigate
system vulnerabilities andminimize the impact of potential attacks. In Blockchain
technology, the proof-of-work mechanism, also known as the Consensus Algo-
rithm, is designed to prevent fraudulent nodes from overpowering honest nodes.
This mechanism ensures detection and prevention of fraudulent activities without
resorting to Denial of Service (DoS) attacks, which can negatively impact mining
opportunities for low-stakes participants [47]. Proof of work imposes constraints
on network behaviour, requiring significant computational resources and time to
execute attacks, thus serving as a defense against potential threats.

• High Speed 5G network: 5G network architecture, with its comprehensive trans-
port network, redundant data links, and dedicated power supplies, along with
Multi-Access EdgeComputing (MEC), Slicing, and other functionalities, presents
a sustainable and nationwide data network architecture for Elections’ IT systems.
technology can effectively serve as a nationwide macro sensor, monitoring the
participation of voters visiting election offices during elections [48]. Leveraging
the capabilities of next-generation mobile networking technology can signifi-
cantly enhance the transparency and citizen engagement of the election process.
Precise positioning facilitated by 5G technology ensures greater transparency and
citizen involvement in the electoral process. Additionally, 5G technology offers
the unique opportunity to create a separate network slice dedicated solely to elec-
tion IT infrastructure communication services [49]. This isolation guarantees the
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complete segregation of the election system from the public commercial network,
offering improved resilience against external factors and a dedicated bandwidth
allocation for election-related communication.

• Deep learning techniques such as CNNs: A range of multi-building block levels
make up CNN’s architecture. Subsampling pooling layers, Fully Connected (FC)
layers, and several convolution layers make up CNN’s architecture. The ResNet-
18 model is employed in the suggested system as the CNN architecture for
model training. A deep neural network architecture called ResNet-18 is frequently
employed for image classification applications. Feature extraction and categoriza-
tion are its two primary components [50]. The first layer consists of the ResNet-
18 backbone’s convolutional layers, which are involved in feature extraction.
The task of extracting important information from the input facial photos fall to
these convolutional layers. First, a ResNet-18 model from the torch vision models
module is used to initialise the feature extraction backbone. They make use of
kernels learnable filters. Utilizing CNN to carry out the face recognition task, the
online voting system makes use of facial recognition technology [51]. Following
its training with the input dataset, the facial recognition model is incorporated
into the voting process to identify and validate the faces of legitimate voters,
guaranteeing that they cast a single ballot. The pre-processed voter face image is
used to perform face recognition on the voter using the pre-trained face recogni-
tion model. The facial image is first pre-processed by several operations such as
scaling normalising the pixel values and converting to a tensor. By implementing
these modifications, the input image is guaranteed to meet the requirements of
the model. Following that, the trained face recognition model is applied to the
pre-processed face image. To produce a numerical representation of the face,
sometimes known as face embeddings or feature vectors, the model examines the
facial features and extracts pertinent data. For the purpose of the identification,
these embeddings capture distinctive features of the face. Next, using the face
embeddings that were extracted, the system compares them to the voter embed-
dings that were previously registered and kept in the database. Euclidean distance
and cosine similarity are two metrics used in this comparison [52]. If a face is
found, the system may identify whether it belongs to an authenticated voter by
calculating the similarity between the face embeddings.

8.1 Hidden Counting

Here, we present a novel E-voting system solution that ensures both verifiability and
privacy protection for voters by concealing public vote counts. Unlike the simple
notion of hidden counting, our solution offers a verifiable approach.

Absolute concealment of counting. Full counting concealment entails that only the
final election results are disclosed publicly, with no interim counting details revealed.
Neither internal counters nor external voters have access to any intermediate results.
This strategy typically necessitates the application of sophisticated cryptographic
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methods, such as secure multiparty computation (MPC). However, the concept of
entirely concealing the vote count restricts its suitability to elections featuring a
specific number of candidates; it is only viable for basic voting procedures with a
limited candidate pool [53].

Limited concealment of counting. In partial vote count concealment, only the
counts contributing to specific issues are hidden, offering a more streamlined
approach to managing intricate elections. However, revealing a portion of the ballot
still exposes information, such as the sequence of candidates, thereby leaving certain
issues unresolved [54].

Concealed public counting. In the framework of concealed public counting, the
tallying process occurs internally, but the complete count results are not disclosed;
only the ultimate election outcome is made public. This mechanism is designed to
safeguard the privacy of voters and might offer relatively better privacy protection
compared to fully concealed counting and partially concealed counting [55]. It can
be implemented using zk-SNARKs and various cryptographic techniques.

8.2 Architecture of the Proposed

• Voter: Since they select which candidate to back, voters are important in this
situation. The voter is a verified user with voting rights granted by the admin
(Fig. 1).

ML Process: Machine learning aims to train voter faces to identify candidate
voting times [56].

Fig. 1 System architecture
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• Face and OTP Verification: According to the proposed architecture, voting time
authentication can be achieved using either facial recognition or OTP verification.

8.3 Functioning of the Proposed System

Step 1: An eligible voter is present.
Step 2: The voter enters their Voter ID using the touchscreen keypad or allows
the barcode reader to scan their ID tag.
Step 3: The system validates the Voter ID by comparing it with the data stored in
the Voter Database.
Step 4: If the Voter ID is invalid or the voter has already cast their vote, the system
terminates the process and displays an error message.
Step 5: For a valid Voter ID and a first-time voter, the system generates an OTP
and sends it to the voter’s registered mobile number. Simultaneously, a timer is
initiated, requiring the voter to enter the OTP within a given time window [57].
Step 6: Failure to enter the OTP within the allotted time results in the system
terminating the process and displaying a message.
Step 7: Upon successful validation, the system searches for the voter’s record in
the database using the linked Voter ID.
Step 8: The system scans the fingerprints of all ten fingers: four from the left hand,
four from the right hand, and two thumbs.
Step 9: The scanned fingerprint images are compared with the biometrics.
Step 10: If the comparison is successful, the process continues; otherwise, the
system terminates the process and displays an error message.
Step 11: The system then scans the voter’s face image, adjusting its height and
light illumination automatically for optimal conditions [42].
Step 12: The scanned face image is compared with the database biometrics.
Step 13: If the comparison is successful, the system continues the process;
otherwise, it terminates the process and displays an error message [57].
Step 14: Following the completion of the voting process, the system encrypts the
data using suitable algorithms and technology before storing it in the database.
Step 15: Additionally, the system updates the voter’s status to “franchise
exercised” since they have already cast their vote.
Step 16: An acknowledgment (ACK) slip is generated, containing essential details
such as Voter ID, constitution details, Unit ID, date, and time.
Step 17: Furthermore, the system sends an SMS to the voter’s registered mobile
number [58].
Step 18: The system generates a Voter Verified Paper Audit Trail (VVPAT) slip
and stores it in its container for future reference by administrators.
Step 19: With the completion of the voting process, the system automatically logs
out the voter, allowing a new voter to use the system [59].
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8.4 Haar Classifier Algorithm

Our approach suggests employing an Object Detection Algorithm aimed at iden-
tifying faces in both images and real-time video streams. This algorithm relies on
edge or line detection features introduced by Viola and Jones in their 2001 paper
titled “Rapid Object Detection using a Boosted Cascade of Simple Features”. The
algorithm’s main objective is to calculate the difference between the sum of image
pixels in the darker area and the sum of pixels in the lighter area of the Haar feature.
[60]. Haar-like features categorize the different characteristics present on objects,
considering their various positions, sizes, and shapes. Figure 2 illustrates examples
of Haar-like features, such as two-rectangle and three-rectangle shapes, utilized in
Haar cascade classifiers. By employing these Haar-like features, it becomes feasible
to identify specific objectswithin an image.Our proposed solution addresses ongoing
road issues by gathering information from individuals experiencing these problems
and transmitting it to relevant authorities through an Android application.

To achieve this,we suggest employing aDeepLearningmodel capable of detecting
potholes. Viola and Jones’ system, utilizing 200 basic features, achieves a 95%
accuracy rate in identifying human faces. The initial step involves training the Haar
classifier cascades to recognize human facial characteristics such as lips, eyes, and
nose [60].

Furthermore, the AdaBoost method must be used in conjunction with the Haar
feature technique to train the classifier. Fortunately, Intel has developed an open-
source toolkit known as the Open Computer Vision Library (OpenCV), simplifying
the process of designing computer vision-related applications.

Fig. 2 Example of
two-rectangle and
three-rectangle shapes of
Haar-like feature
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8.5 Framework Analysis

• System scalability

The proposed system is architected for scalability, considering the realization of
simultaneous voting sessions, the registration of users simultaneously, especially
during the peak period of the elections. This system guarantees optimal performance
by integrating algorithms and load balancing methodologies and determining a fast
response time. This enables the creation of a seamless experience for its users.

• Ensuring accessibility and inclusiveness

The authentication process in this system is designed by combining a model of
alternative entry options, and a combination of facial recognition andNIDorNID and
One-Time password. This approach is very efficient in ensuring broad inclusion and
enabling individuals who lack technological access or biometric features, including
individuals with disabilities [61]. Our goal is the design of a biometric system that
provides standards of equal participation and accessibility for all citizens of the
country.

• Addressing data privacy and security

Addressing strong data security and privacy is based on two main elements; the
implementation of good encryption practices in the classroom for the purpose of
minimizing the data that protects biometric information and the implementation of
a clear policy for the use and collection of biometric data. This is primarily aimed at
addressing privacy concerns and building voter confidence.

• Fostering public acceptance and trust

The education of the selected stakeholders is a necessity and one of the key points
of the proposed system, considering the future cooperation to test this system in the
real world [62]. The main plan is to educate selected stakeholders about the benefits,
including the ethical considerations surrounding biometric technology and fostering
trust among the benefiting parties.

• Security and privacy measures

The main priority is safety. Avoiding unauthorized interventions and possible data
breaches is the main task of the system proposed by us, which is built with powerful
security protocols [61]. This is accomplished through the inclusion of industry
standard encryption methodologies, access controls and secure e-communication
channels, presenting a shield against cyber threats, which stimulates trust in users.



Securing E-Voting Authentication: A Framework Integrating AI-Based … 39

9 Case Studies

• Case Study 1

In large democratic countries where the development of technology is at relatively
high levels, the voting system is one of the most important processes. One such
country is India, with a large population,where the development of electoral elections
requires cost, time and government commitment. The Electronic Voting Machine
(EVM) was installed in 1999 with a main purpose that has to do with the conduct
of votes in a harmless way. Electronic Voting Machines were introduced in India in
2004 where the networked voters represent a high number of 380 million [63]. The
largest national identity project in the world is the Aadhaar project, which belongs
to the Indian government which initiated it in 2010 [64]. This project has several
main goals related to the storage of biometric and demographic data as well as the
collection theirs in a database that ismonitoredby the central informationoffices. This
is otherwise known as Unique Identification (UID) where every Indian citizen can
be identified through a unique number. This number allows citizens to benefit from
a range of services. This project currently has 10 million people registered or have
shared Aadhaar number through this project. The Aadhaar number issued on behalf
of the Government of India contains a unique 12-digit personal ID [64]. Through this
number, individuals prove their identity and address throughout the country. Aadhaar
registration covers all age and gender criteria allowing individuals to opt out of the
UIDAI verification process. Enrolment for Aadhaar is possible only once and is valid
for lifetime. Meanwhile, the use of Electronic Voting Machines was experimental
and first started in 1982. Their widespread use started in 1998, specifically in the
14th Lok Sabha General Election in 2004, where all centres of voting were included.
After this moment, the use of EVM has worked both in the Lok Sabha elections and
for the Legislative Assemblies [65]. Some of the advantages of this system have to do
with the avoidance of electoral fraud by providing a secure identification system and
eliminating the avenues for spurious voting. Also, the possibility to vote through an
electronic device, without the need to appear physically, is a convenience for citizens,
avoiding long queues. Other positive qualities of this system have to do with the re-
use and improved utilization of the existing infrastructure, with the ability not to
deploy a huge number of paramilitary forces and the possibility to publish quick and
hassle-free results [63].

• Case Study 2

In the United States, presidential elections occur every four years, specifically on the
first Tuesday followingNovember 1st. This tradition has remained constant, enduring
even during periods of war, such as during the Civil War in 1864 and the Second
WorldWar in 1944 [66]. On the day of the election, the United States had the highest
number of COVID-19 related deaths globally, surpassing 200,000, with over eight
million confirmed cases. Trump’s response to the viruswaswidely criticized for being
too relaxed, with inconsistencies in his public statements and a perceived failure to
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provide clear leadership during the crisis. The method of counting votes became a
significant issue in the 2020 election [67]. Due to the pandemic, a record-breaking
101 million votes were cast early, a considerable number of them via mail-in ballots.
Democratic voters preferred this method to minimize their exposure to crowded
polling stations. Several states currently use electronic voting machines, which are
known to have significant security vulnerabilities. Last year, J. Alex Halderman, a
professor at the University ofMichigan, identified “multiple severe security flaws” in
Georgia’s Dominion Voting Systems touch screen machines as part of a confidential
expert report for a lawsuit concerning Georgia’s election procedures. However, a
review conducted by federal government cybersecurity experts concluded that these
vulnerabilities in Dominion Voting Systems equipment were not exploited during
that election [68]. During the 2020 elections, there is no evidence to suggest that
voting irregularities resulted from the manipulation of electronic voting machines.
Federal government cybersecurity officials conducted a review and concluded that
the vulnerabilities in DominionVoting Systems equipment were not exploited during
the election. However, extensive efforts to undermine the legitimacy of the election
have left government cybersecurity officials in a challenging position. They must
reassure voters that the election was secure while also acknowledging the significant
security risks that persist within the U.S. voting infrastructure. One crucial method
of securing electronic voting systems is to utilize election equipment that generates
a paper record for every vote [67]. These paper records allow for manual auditing
and confirmation of vote tallies in case of suspected manipulation.

9.1 Analysis of Case Studies

Various nations have experimented with online voting, but currently, no country
utilizes Internet voting for significant political elections as extensively as India. The
I-voting system employs public key cryptography to mimic the “double envelope”
ballots frequently used for absentee voting. Essentially, an outer envelope (a digital
signature) verifies the voter’s identity,while an inner envelope (public key encryption)
ensures the secrecy of the ballot [69]. After confirming each voter’s eligibility, the
system removes the signature, leaving a series of anonymous encrypted ballots. US
and India have been at the forefront of adopting technological advances in voting
systems. Through these two case studies, themain differences of the Indian electronic
voting system and the US online voting system have been pointed out, focusing
on aspects such as voting security, confidentiality, verification, sincerity, integrity
and secrecy of voting. Voting machines are vulnerable to various threats that can
significantly affect the outcome of national elections. These threats include credential
theft, malware, botnets, insider attacks, denial-of-service attacks, state-sponsored
attacks, and remote intrusions. Our investigation has revealed that the design of these
machines or systems contains loopholes, limitations, and architectural procedures
that could compromise the integrity of the election [68]. Based on our research,
which considers practical experiences and challenges on the Internet and today’s
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e-voting environment, lessons learned from countries such as India and US suggest
that the adoption of electronic and Internet voting systems in other countries should
reviewed due to their security vulnerability the threats.

Themost contested elections in recent years have been those of 2020 in the United
States, where the main concern was electoral integrity and voter fraud. Considering
this case, we intend to integrate a framework offering a layer of security and trans-
parency for the electoral process. Due to constraints related to time and resources,
the ideal approach would be to create a comprehensive model of the proposed frame-
work. However, given these limitations, we have developed a simulated case study
to illustrate the functionality and effectiveness of the system. The simulation of this
case study aims, through exploration, to highlight how the integration of voters and
machine learning increases the security of elections.

Phase 1: Registration and verification of voters
In this simulated scenario, our voter, a citizen of the United States, is called

John and has expressed his free will to participate in the 2020 presidential elections.
Like any other citizen, John must go through a process to ensure that his vote is
valid. Providing personal information to the electoral commission is the first step
in the voter registration process. This information contains John’s full name, date
of birth, address and any other details required by the relevant authorities. These
details submitted by John help verify his identity. The verification process includes
linking the information with the government database and the individual himself
and confirming the ability of this individual to vote [70]. After this process, John is
officially registered and has the right to vote. John is automatically a voter added to
the list of voters, which is provided through an identification number sent by email
or post.

Phase 2: Machine Learning Process
The role of machine learning algorithms is crucial in increasing the security

and efficiency of elections. The function of these algorithms is to analyse histor-
ical voting data to identify behaviours, patterns and trends in voter behaviour. This
means reviewing the voting history from this system, including the elections inwhich
John has participated, the candidates he has supported and when he voted. Having
this information, a voting profile for John is created through the algorithm used.
His profile contains information about John’s behaviour and habits [71]. This helps
the system to predict the actions of the citizen before the moment of performing
the actions by him. Additionally, the system implements the Haar algorithm for
face recognition to verify John’s identity during the voting process. This algorithm
facilitates the identification process by detecting the presence of a human face in a
photographic image and identifies the voter based on facial features.

Phase 3: Online voting and Verification
On Election Day, John has access to the online voting platform using the identifi-

cation number and a secure login. He is prompted to undergo voter verification while
navigating the voting process. Before John votes for his favourite candidate, he must
undergo a verification process which includes two methods: facial recognition using
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Haar algorithm and One-Time (OTP) verification [61]. As I mentioned above, the
moment the citizen submits to face identification, the Haar algorithm scans it using
the camera in his electronic device. This algorithm compares the individual’s face
with all the data collected in the system during the voting process. If there is a match
with these data, the citizen is identified and allowed to vote. Meanwhile, through the
OTP process, the verification is done using the password that was sent to John at his
address or phone number [61]. This password must be used in the system only once,
and if it is successful, the individual can vote.

10 Conclusion and Future Work

As evident, the current voting system suffers from several shortcomings, such as
lengthy procedures, prolonged completion times, insecurity, potential for fraudulent
voting, and inadequate security measures. However, we can assert that our new tech-
nique is more efficient and secure than the previous system. The proposed method
incorporates three layers of protection, making it easier to detect false voters. Facial
authentication technology is particularly valuable in identifying fraudulent voters,
thereby helping to prevent the submission of fake ballots during the election process.
Voters worldwide can participate in the voting process by accessing our proposed
smart online voting system. Since all procedures are conducted via the internet, the
government incurs a one-time cost. The geographical location of voters is irrelevant;
whatmatters is their votes.Data is stored in a centralized repository, ensuring constant
accessibility and allowing for backups. The smart voting system generates updated
results every minute, requiring fewer resources and less manpower. The database
needs to be updated annually or before each election to accommodate the registra-
tion of new eligible citizens and the removal of deceased citizens from the voter list.
Therefore, only individuals who are verified as authentic voters through their unique
biometric data are allowed to cast their votes, thereby significantly reducing the
risk of voter fraud. Moreover, biometric technology boasts high-precision features,
further enhancing the system’s security and accuracy. The facial recognition tech-
nology integrated into our electronic voting system is distinguished by its remarkable
accuracy, as it can identify individuals with a high degree of precision. This not only
ensures that each voter can only cast a single vote, thereby reducing the possibility
of double voting, but also adds an extra layer of security to the system. Additionally,
this technology is exceptional due to its uniqueness, setting it apart from other iden-
tification methods. In contrast to traditional voting systems, our system eliminates
the need for voters to remember passwords or carry multiple identity documents,
thus simplifying the voting process and making it more convenient. This not only
streamlines the voting experience but also reduces the risk associated with password
leaks or the loss of personal identity documents. As a result, our system effectively
prevents voter impersonation, as only the voter’s unique biometric information can
be used to cast a vote. Finally, our proposed system provides transparency and ease of
use for users, providing improved voter authentication and increasing overall voting
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security. Subsequent research will focus on implementing this system in real-world
scenarios, potentially revolutionizing the current landscape of democratic election.
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Addressing Current and Emerging
Challenges in DF: An Examination
and Recommendations

Amelia Cho and Reza Montasari

Abstract In the contemporary era of advanced technology, digital forensics (DF)
plays a crucial role in investigating cybercrimes and providing insights into digital
evidence. This chapter aims to investigate the challenges in the field of DF due to
the rapid evolution of technology and the increasing complexity of cyber threats.
Furthermore, it explores emerging challenges posed by technological innovations
such as artificial intelligence (AI), blockchain, and IoT devices. Similarly, the chapter
provide several recommendations to help mitigate these challenges and enhance DF
practices. The findings reveal that, by adopting proactive measures and leveraging
technological advancements, collaboration, and legal reforms, theDFcommunity can
navigate the evolving landscape of digital investigations effectively and contribute
to a safer and more secure digital environment.

Keywords DF · Cybercrime · Technological advancements · Cyber security ·
AI · Blockchain · IoT · Investigative capabilities

1 Introduction

In the contemporary era of advanced technology, DF plays a crucial role in inves-
tigating cybercrimes and providing insights into digital evidence [1]. Due to the
widespread use of digital technologies and the corresponding rise in cyber threats
and criminal activities conducted through digital means, DF has become increasingly
essential to maintain the integrity of digital systems, protect sensitive information,
and uphold justice in an interconnected world [2–4]. With ongoing technological
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innovations, such as cloud computing, AI, and IoT, the field of DF is constantly
evolving, presenting both opportunities and challenges for DF investigators [5, 6].
This chapter aims to critically examine the current and emerging challenges faced
by DF and propose associated recommendations to provide tools and insights for
navigating the evolving landscape of DF. By critically addressing the current and
emerging challenges in DF and offering actionable recommendations, the chapter
aims to help enhance the ongoing discourse on optimising digital forensic practices
in an increasingly complex digital environment. Thus, the chapter contributes to the
ongoing development and improvement of DF practices and policies [2, 7].

The remainder of the chapter is structured into three main sections. The first
section will provide an overview of the current challenges faced by DF practitioners
in their day-to-day investigations. Subsequently, emerging challenges arising from
technological advancements will be explored by identifying and anticipating the
rise of new complexities, such as AI, blockchain, and IoT devices. Finally, strategic
recommendations and solutions will be proposed to address the identified challenges
in DF proactively.

2 Current Challenges in DF

DF, defined as the systematic examination of digital devices and data to uncover,
preserve, and analyse evidence suitable for use in legal proceedings [8], encounters
a myriad of challenges in the contemporary digital environment [9, 10]. These chal-
lenges are driven by the increasing volume and complexity of digital data fromdiverse
sources such as IoT devices, cloud storage, and social media platforms (SMPs)
[4, 11–13]. According to Locard’s Exchange Principle, which posits that, when-
ever two objects come into contact, an exchange of materials occurs between them,
every interaction in forensic science leaves traces [14, 15]. In today’s digital envi-
ronment, individuals generate digital footprints through metadata, browsing history,
and communication recordswhen using smartphones, computers, or online platforms
[16]. These digital traces are crucial for reconstructing events in DF analysis.

The sheer volume and rapid data exchange complicate forensic investigations
in accurately pinpointing and interpreting relevant information [17]. For instance,
cloud storage and SMPs host vast amounts of user-generated content containing
potential evidence [18]. Such a substantial amount and variety of data prolong the
time and effort needed to sift through data andmanage relevant information [19]. The
data overload can overwhelm investigators, impacting efficiency and thoroughness
in forensic analyses [20, 21]. Moreover, the increased data volume requires higher
storage capacities to retain evidence and support forensic tools and databases. This
highlights the importance of meticulous data collection and analysis to uncover
critical digital traces left by perpetrators [22].

The widespread adoption of encryption technologies, secure messaging apps, and
anonymisation techniques presents significant obstacles to DF investigations [23].
Anonymous communication channels and privacy-focused technologies obscure
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communication origins, hindering investigators’ ability to trace crucial information
[24]. End-to-end encryption, particularly in severe crimes, further complicates inves-
tigations byblocking lawenforcement access to encrypted content, resulting in delays
in evidence collection [25, 26]. While privacy protections and respect for the Rule of
Law are vital, the inability to access encrypted information impedes investigators’
efforts to prevent or investigate criminal activities effectively [27].

Additionally, perpetrators utilise anti-forensic techniques, such as file wiping,
data obfuscation, and metadata alteration, to undermine digital evidence integrity,
hindering event reconstruction and critical information extraction [28, 29]. Tampered
evidence raises legal concerns about authenticity and reliability, potentially affecting
evidence admissibility in court proceedings and impacting investigation outcomes
[30–32].

Moreover, from a legal perspective, the cross-jurisdictional nature of digital
evidence indicates the need to navigate diverse laws and regulations governing data
access and collection across countries during investigation [33, 34]. Stringent data
privacy laws and cross-border data transfer regulations impose limitations and proce-
dural complexities on evidence gathering and sharing between lawenforcement agen-
cies [35, 36].Harmonising legal standards and enhancing cooperation throughmutual
legal assistance treaties are essential for facilitating cross-border collaboration and
overcoming legal hurdles in DF investigations [37].

3 Emerging Challenges

As technology progresses, DF encounters a wide range of evolving challenges that
demand higher adaptability and innovation [38]. AI and Machine Learning (ML)
algorithms introduce complexities, such as identifying between AI-generated fake
data and authentic information [39]. Furthermore, the advent of blockchain tech-
nology and cryptocurrencies presents unique obstacles to investigative efforts into
criminal activity. This is particularly due to the fact that transactions are marked
by anonymity, pseudonymity, and decentralised storage [40, 41]. Additionally, the
proliferation of IoT devices and embedded systems introduces data fragmentation,
device diversity, and heightened privacy and security concerns [42]. These chal-
lenges call for innovative and advanced analytical methods with transparent algo-
rithms to maintain the integrity of forensic findings. Specialised expertise in tracing
and attributing digital activities is essential, necessitating tailored tools and method-
ologies for effective evidence extraction and analysis [43]. Therefore, to advance and
enhance current DF approaches, it is imperative to delve into emerging challenges
and formulate strategic recommendations [44, 45]. Considering the stated issues,
this section will examine each of these emerging challenges, including AI and ML,
blockchain technologies, and IoT devices.
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3.1 AI and ML Technologies

AI and ML technologies have become integral components in influencing the char-
acteristics of digital evidence and the investigative methods employed in forensic
analysis. For instance, in relation to data authenticity, the widespread use of AI algo-
rithms that can generate synthetic data raises concerns about distinguishing between
AI-generated fake data and authentic data during forensic analysis [46, 47]. Given
AI’s capacity to produce vast amounts of complex data, traditional data validation
and authentication methods are insufficient for detecting AI-generated data from
real data [48]. Additionally, the transparency of AI algorithms is crucial in under-
standing and validating data analysis resultswithinDF [49, 50].However, the opacity,
particularly in deep learning models, complicates understanding and verifying the
accuracy of AI-driven data analysis in forensic contexts [51]. Consequently, the
advanced capabilities of AI in generating convincing yet artificial data [52, 53] raise
significant concerns regarding maintaining data integrity and reliability in forensic
investigations. This highlights the need for new techniques and tools that can effec-
tively differentiate and verify the authenticity of digital evidence, especially in the
presence of AI-generated content.

In the context of criminal activities, AI andML systems are increasingly employed
in adversarial attacks targeting various sectors [54–56], including cybersecurity,
financial fraud, and misinformation campaigns [57–61]. Specifically, adversarial
learning techniques, such as data poisoning or model evasion, can be utilised to
manipulate training data or AI models, thereby deceiving or compromising their
performance [62, 63]. For instance, in cybersecurity, adversaries can utilise AI-
generated adversarial inputs to bypass intrusion detection systems or malware scan-
ners, complicating the detection and response capabilities of AI-based forensic tools
[64]. Furthermore, in financial fraud, attackers can leverage AI to generate sophis-
ticated phishing emails or fraudulent transactions that evade traditional detection
methods. As a result, this reduces the effectiveness of AI-driven forensic analysis
in identifying and preventing financial crimes [65–67]. Additionally, in context of
misinformation campaigns, malicious actors can use AI to create compelling deep
fake videos or text content to deceive the public and undermine trust in digital
evidence used in forensic investigations [53, 68, 69]. These malicious uses of AI and
ML technologies pose significant challenges for DF by introducing complexities in
data analysis and verification. Consequently, this entails the continuous development
of robust AI-based forensic tools to combat evolving cyber threats effectively.

3.2 Blockchain and Cryptocurrencies

In blockchain-based transactions, user identities are often pseudonymous or anony-
mous. While transactions are recorded on a public ledger, also known as the
blockchain, they are typically associated with cryptographic addresses rather than
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real-world identities [70, 71]. This pseudonymity makes it challenging for inves-
tigators to link blockchain transactions to specific individuals without additional
contextual information or external data sources [72, 73]. For instance, tracing illicit
transactions involving cryptocurrency requires sophisticated analysis of transaction
patterns and behaviours to infer identities based on transaction flows [74, 75]. As
such, traditional forensic tracing methods, which rely on identifying transaction
parties, are limited in their effectiveness when it comes to connecting blockchain
transactions to real-world identities [76].

Moreover, since Blockchain data is stored across a distributed network of nodes,
and each maintains a copy of the entire blockchain ledger, the decentralised storage
mechanism ensures redundancy and security but further complicates data retrieval for
forensic purposes [77]. For example, to analyse transactions on a blockchain such as
Ethereum, one must synchronise with multiple nodes to access historical transaction
data [78]. Additionally, the investigation involves interacting with the network and
querying nodes for relevant information, requiring specialised tools and techniques
to navigate the decentralised infrastructure effectively.

Examining blockchain technology, smart contracts, a fundamental component of
blockchain, introduce distinctive challenges forDF due to their immutable nature and
autonomous execution guided by predefined rules encoded in code [79, 80]. Without
the need for intermediaries, smart contracts execute transactions automatically when
specific conditions are met once they are deployed on a blockchain platform such as
Ethereum [81]. Such immutability indicates that once a smart contract is executed, its
outcomes are permanently recorded on the blockchain ledger and cannot be altered or
reversed [82, 83]. Thus, in an investigation that involves analysing past transactions
involving smart contracts, the transparent yet unalterable nature of recorded data
challenges the accuracy and reliability of the transaction history interpretation [84].

Another challenge stems from the complex structure of smart contract logic,which
often involves complex programming and conditional statements [85]. Analysing
transactions involving smart contracts requires specialised technical proficiency in
blockchain development and cryptography to understand and interpret the behaviour
of contract code [86, 87]. Additionally, detecting behaviour or vulnerabilities within
smart contracts requires thorough code analysis and contract auditing by blockchain
security specialists to pinpoint potential flaws that could be exploited for fraudulent
activities [88, 89]. Moreover, investigating smart contract-related crimes involves
navigating legal and regulatory complexities associated with blockchain technology
[90, 91]. Establishing legal responsibility and liability in smart contracts cases neces-
sitates a detailed understanding of blockchain technology and pertinent legal frame-
works, particularly howdigital evidence is enforced and admitted in legal proceedings
[92].
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3.3 IoT and Embedded System

IoT devices generate data typically fragmented across different platforms, formats,
and communication protocols [93]. Unlike traditional computing devices such as
laptops or smartphones, which store data in centralised locations, IoT devices can
produce and transmit data from diverse sources, such as sensors, actuators, and
controllers. Such fragmentation complicates data reconstruction and analysis during
forensic investigations. As a result, this requires investigators to navigate disparate
data sources to piece together a coherent timeline or narrative of events, which
demands specialised tools capable of aggregating and correlating data from multiple
sources [94–97].

Moreover, each IoT device operates on its unique operating system, architec-
ture, and communication protocol, meaning IoT devices can vary significantly in
terms of hardware specifications and software configurations [98, 99]. For example,
smart thermostats, security cameras, and wearable devices may all have different
proprietary systems and protocols for data transmission and storage [100]. Conse-
quently, the diversity of devices necessitates a broader range of specialised knowl-
edge and tools to extract, interpret, and analyse data, adding complexity to the
forensic investigation process [101]. In addition, the rapid evolution of IoT tech-
nology demands continuous adaptation of forensic tools to support emerging device
types and technologies [102].

Moreover, regarding privacy and security concerns, IoT devices frequently
gather sensitive personal data, including location information, biometric data, and
behavioural patterns. This poses severe privacy and security risks if accessed or inter-
cepted by unauthorised parties [103–105]. Thus, during forensic examinations of IoT
devices, investigators must employ secure methods to access and extract data from
IoT devices without compromising their integrity or exposing sensitive information
to protect data privacy [106, 107]. Furthermore, privacy regulations, such as the
General Data Protection Regulation (GDPR) and the California Consumer Privacy
Act, impose strict requirements on the handling and protection of personal data
obtained from IoT devices. This adds an extra layer of complexity and importance
to forensic investigations involving IoT technologies [108, 109].

4 Recommendations

This section outlines several recommendations to aid in addressing the current
and emerging challenges within DF discussed in this chapter. Furthermore, they
are intended to enhance DF capabilities and optimise investigative efficiency in
combating cybercrime and emerging digital threats. The recommendations concen-
trate on technological advancements, AI and ML integration, collaboration with
technology companies, and legal reforms focusing on international cooperation.
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4.1 Technological Advancements

Allocating resources to Research and Development (R&D) in DF is crucial to
enhancing investigative capabilities and adapting to technological changes. By
investing in R&D initiatives, governments and organisations can facilitate the
creation of cutting-edge forensic software tailored to handle diverse and sophisti-
cated data formats encountered in modern investigations. R&D efforts should focus
on developing advanced algorithms andmethodologies to effectively access, decrypt,
and analyse data from these diverse sources. These initiatives should involve creating
robust data extraction and processing techniques to ensure investigators can obtain
reliable evidence regardless of the format or location. Additionally, with the expo-
nential growth of digital data, forensic tools must be optimised for scalability and
performance [110, 111]. Therefore, R&D investments drive the refinement of data
processing workflows, enhancement of computational efficiency, and implementa-
tion of parallel processing techniques. These optimisations enable expedited and thor-
ough analysis of large datasets, which is essential for efficiently managing complex
investigations.

Regarding emerging challenges, such as AI, blockchain, and IoT devices, R&D
initiatives in DF are geared towards anticipating and embracing these technolog-
ical advancements. Through research and the integration of new methodologies,
forensic experts can proficiently handle cases involving cutting-edge technologies.
For example, the development of specialised tools for analysing blockchain trans-
actions or extracting data from IoT devices requires ongoing R&D efforts. More-
over, investing in R&D creates a culture of innovation within the field of DF [112].
By continually exploring novel ideas and technologies, investigators can outpace
cybercriminals who employ sophisticated techniques to mask their activities. Such a
proactive stance ensures that forensic tools and methodologies remain adequate and
pertinent in addressing emerging threats.

In essence, R&D investments equip investigators with state-of-the-art tools and
techniques for conducting thorough and effective digital investigations, enhance their
ability to uncover critical digital evidence and contribute to the broader mission of
combating cybercrime and other digital threats. Furthermore, through ongoing R&D
efforts, DF can keep pace with technological developments, enabling investigators
to stay ahead in an ever-evolving digital landscape.

4.2 Integrating AI and ML Technologies

IntegratingAI andML technologies intoDF tools streamlines investigative processes
by automating tasks, prioritising evidence, and uncovering complex patterns within
data [113, 114]. For example, AI and ML-driven systems can assist law enforcement
agencieswith automating labour-intensive tasks such as data triage,where theypriori-
tise and categorise digital evidence based on relevance and significance [115, 116].
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Such automation speeds up the initial stages of the investigation by enabling forensic
analysts to focus on critical leads rather than manually sifting through vast amounts
of data.

In addition, ML algorithms within these tools play a crucial role in preliminary
analysis since they can identify patterns, anomalies, and relationships within large
datasets. This, in turn, facilitates the rapid identification of relevant evidence [117].
In a financial fraud case, ML algorithms can detect suspicious transaction patterns
or correlations between entities that might not be easily apparent through manual
review [118, 119]. This capability enables investigators to efficiently uncover critical
insights and evidence that could be crucial for building a case.

4.3 Training and Collaboration

DF requires a comprehensive understanding of evolving technologies and methods
to investigate digital crimes effectively. As such, investing in training and promoting
collaboration in DF becomes essential components for improving capabilities and
effectively addressing the evolving challenges [120, 121]. Specialised training
programs can equip forensic analysts with the necessary skills and knowledge [122].
For example, in IoT device analysis, training courses can cover extraction tech-
niques for data from diverse IoT devices, understanding communication protocols,
and interpreting IoT data in investigations [123]. Similarly, blockchain forensics
training can focus on tracing cryptocurrency transactions, analysing smart contracts,
and identifying illicit activities on blockchain networks [124, 125].

Additionally, anti-forensic detection training can involve learning how to recog-
nise and counteract techniques used to hide or destroy digital evidence, ensuring the
integrity and admissibility of data in legal proceedings [126]. As a Case in Point, law
enforcement agencies collaborating with academic institutions and industry experts
could develop a structured training curriculum in partnership with cybersecurity
firms specialising in IoT security. This program can include hands-on workshops
using real-world IoT devices and scenarios, enabling participants to gain practical
experience in IoT forensics. Furthermore, collaboration between different sectors
of the DF community is essential for addressing complex challenges effectively.
Public–private partnerships facilitate knowledge exchange, resource sharing, and
collective problem-solving. The collaboration of joint task forces or working groups
comprising law enforcement, academia, and industry professionals can collectively
developbest practices, conduct researchon emerging threats, and share intelligence to
enhance investigative capabilities [127]. Regular knowledge-sharing sessions, work-
shops, and conferences further promote collaboration and innovation in DF [128].
To illustrate, a cybersecurity firm specialising in malware analysis can establish a
partnership with a law enforcement agency to form a joint task force dedicated to
combating cybercrime. Together, they can develop and implement advanced tools
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and methodologies for analysing sophisticated cyber threats [129]. The firm’s exper-
tise in threat intelligence combined with the agency’s investigative capabilities can
enable more effective response and mitigation of digital crimes.

In summary, developing specialised training programs and fostering public–
private partnerships are strategic initiatives that strengthen DF capabilities. These
efforts can enhance the skills of forensic professionals and further promote collabo-
ration and innovation in addressing emerging challenges in the ever-evolving digital
landscape.

4.4 Legal Reforms and International Cooperation

Navigating legal and jurisdictional complexities in digital investigations is essential
for effective law enforcement and cybersecurity efforts [130]. One key recommenda-
tion is to develop harmonised digital evidence laws through international agreements
and standardised procedures. By creating international treaties or agreements, coun-
tries can establish common standards for handling digital evidence and cross-border
data access [131]. These protocols would specify lawful procedures for collecting,
preserving, and sharing digital evidence while respecting privacy and sovereignty
concerns. Furthermore, proposing standardised procedures that are universally appli-
cable across different legal systems can help mitigate conflicts of jurisdiction and
legal ambiguities that often arise in cross-border investigations [132]. Collaborating
with international organisations and diplomatic channels can facilitate the adoption of
these common standards, creating greater consistency and efficiency in DF practices
globally [133].

Additionally, strengtheningMutual Legal Assistance Treaties (MLATs) is critical
for expediting cross-border evidence sharing and cooperation [134]. This involves
advocating for reforms to enhance the efficiency of MLAT processes specifically
tailored to digital evidence requests. By streamlining bureaucratic hurdles and
improving response times, countries can facilitate quicker access to critical digital
evidence required for investigations [135]. Establishing dedicated liaison officers
or units within law enforcement agencies is another proactive step. These offi-
cers would serve as specialised contact points for coordinating international inves-
tigations and ensuring effective communication between jurisdictions. Providing
specialised training to these liaison officers will enhance their ability to navigate
complex international legal frameworks and facilitate smoother collaboration in
digital investigations.

Overall, investing in capacity-building efforts and creating partnershipswith inter-
national stakeholders is essential for building stronger international cooperation in
combating cybercrime and advancing global cybersecurity initiatives.
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5 Conclusion

DF encounters a multitude of complex challenges driven by the rapid evolution of
technology and the escalating complexity of cyber threats. Investigators face obsta-
cles ranging from managing vast volumes of diverse data to dealing with encryption
and anonymisation techniques, which demand innovative solutions and collaborative
efforts. The emergence of AI, blockchain technology, and IoT devices has introduced
newdimensions to digital investigations, necessitating specialised expertise and tools
to effectively uncover and analyse digital evidence. Addressing these challenges
requires innovative approaches that include technological advancements, the integra-
tion of AI andML technologies, collaboration with technology companies, and legal
reforms promoting international cooperation. Investing in R&D to develop cutting-
edge forensic software, integratingAI andML technologies to automate investigative
processes, and fostering collaboration within DF are crucial steps towards enhancing
capabilities in this field. Moreover, forging partnerships with technology companies
to access specialised forensic tools tailored to specific platforms and advocating for
legal reforms to harmonise digital evidence laws globally are essential strategies to
overcome current and emerging challenges.

Implementing these recommendations and adopting a proactive approach to DF
practices can strengthen investigative capabilities, improve efficiency in combating
cybercrime, and uphold justice in the digital age. Through continuous innovation,
collaboration, and adaptation to technological advancements, DF experts can address
the evolving landscape of digital investigations and contribute to a safer and more
secure digital environment for all. This proactive stance ensures that investigators
remain equipped with the tools and knowledge necessary to address complex chal-
lenges and effectively combat digital threats. As a result, this approach safeguards
digital systems and protects sensitive information in today’s interconnected world.
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Analysing the Effectiveness of YOLO
Model in Detecting the Images Captured
by the Drone

Muhammad Nauman Ramzan and Hamid Jahankhani

Abstract The traditional forensic methods are not adequate to meet the demands
of forensics investigations of drone. This is mainly due to unique characteristics
of drones, there are gaps in current methodologies, standards, and demonstration
of fundamental issues in terms of forensics analysis. This research discusses the
applications of Machine Learning models: Convolutional Neural Network (CNN)
and You Only Look Once (YOLO) in the field of drone forensics and the efficiency
of crime investigations in automatically detecting and classifying drones. The fast
emergence of drone technologies demonstrates the urgent need to pay attention to
subsequent impacts in forensic science, especially in relation to the huge numbers and
wide variety of drones that make it impossible to process using traditional forensic
methods. The main objective of this work is directed toward the development of
a computer vision-based framework for the enhancement of the accuracy and the
speed of forensic analysis for processing complex, as well as large data derived
from drones. At the core of this attempt is, therefore, the development of a detailed
architecture for drone forensics, further followed by a painstaking evaluation of the
efficacy of CNN and YOLO models in enhancing the analysis of crime scenes and
interpretation of pieces of evidence.

Keywords Dones · Digital forensics · You only look once (YOLO) ·Machine
learning · Convolutional neural network (CNN) · AI

1 Introduction

Forensic studies are one of the exponential developments within the law enforce-
ment and forensic science community, and this technology has found meaning in the
adoption of drone technology in the representation of crime. This innovation opti-
mises the contributions of Convolutional Neural Networks (CNNs) for effective and
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efficient accuracy in the analysis of data, surveillance, enforcement, and even inves-
tigation. This has been highly modernised with the deployment of drone technology
in collecting digital evidence at crime scenes, which has led to the assimilation of
machine learning algorithms, such as CNNs, which have high-level of accuracy for
the detection of details significant for criminal investigations [31]. CNN has been
experimented with to treat efficacy in several ranges of complex image data perusal
by a set of studies on drone detection and classification [10, 27], among others, which
seems to hold very good promise in analysing the pieces of evidence collected by
drones. These technologies are supportive of law enforcement organisations in the
facilitation of rapid analysis of the heuristic dataset, intended to aid in increasing the
speed and efficacy of the criminal investigation process. In the second place, CNNs
are not only used for detection but also to help make a deep analysis of forensic
data captured by drones to increase the accuracy in the analysis of crime scenes and
evidence [4] (Araújo et al. 2019). Thus, a growing field, such as drone forensics,
already talks about the importance of interdisciplinary research in developing frame-
works for the practical implementation towards a leap into more sophisticated and
reliable methodologies in crime investigation.

2 Literature Review

According to the study conducted by Studiawan et al. [44], Unmanned Aerial Vehi-
cles (UAVs), popularly referred to as drones, have hit the skies in the recent past, and
their numbers have successfully revolutionised several industries including photog-
raphy, agriculture, surveillance, and even delivery services. But with drone usage,
new issues have arisen to become a thorn to both law enforcement agencies and
forensic investigators, apart from having several useful applications. Drones foren-
sics refers to a narrow type of forensic science comprising the acquisition, analysis,
and interpretation of digital evidence that is obtained from means of drones as part
of a criminal investigation. As per Dhaqm et al. [3], drone forensics is a systematic
investigation of the drone-collected or derived data to piece together events, establish
actors, and uncover the facts applicable to legal proceedings. In this area, it goes on
to cover a wide spectrum in terms of digital artifacts, taking in aspects, for example
from images, which should be aerial into videos, and from flight logs into GPS data
and communication records, which can contribute a lot towards doing an investiga-
tion in respect to illegal activities, including drug trafficking, terror attacks, offense
to privacy, as well as unauthorised surveillance. The importance of forensics applied
to drones is that this technology has been developed in support of traditional inves-
tigative means in a manner in which the application of these devices could improve
the effectiveness and efficiency of police operations [29].

According to Mistry and Sanghvi [29], drones are found to be involved through
the participation of extracted and analysed information dossiers, since in some cases
it is shown that such produced data could give answers or assist with the reconstruc-
tion of crime scenes, suspect movements, backup witness statements, and so forth,
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and ensure occasion to convict criminals. In addition, drones have now managed to
invade most spheres of life, drone forensics are a necessity in controlling the possible
misuse they are bound to cause, even more so in establishing the accountability and
the privacy required to protect the citizens who may fall victim to their misuse.
Atkinson et al. [8], conducted a study to assess the evolution of drone technology
and highlighted that drone technologies only came to general commercial adoption
and interest of the public at large in the late twentieth century, from their original
evolution since the break of the twentieth century, brought onfirst by the invention and
eventual development of radio-controlled aeroplanes and remotely piloted vehicles
for reconnaissance and surveillance use. In contrast, some of the first truly mass-
market, industrial, or consumer drones, for celebratory purposes and recreation or
aerial photographic purposes, came to wide public attention at the dawn of the 2010s,
often powered by lightweight batteries and equipped to serve their owner with high-
resolution cameras and an appropriately intuitive control interface. With increasing
demand, the manufacturers have diversified their goods to fill the exact commercial
niche, mass market, amateur, professional, and governmental institutions.

2.1 Applications and Challenges in Crime Investigation

According to the study conducted by Alotaibi et al. [6], the appearance of drones
and UAVs brings with it new possibilities and challenges for law enforcement and
forensic investigation. Generally, the forensics of drones is viewed as the general
objective, following the simple and basic definition that entails the collection, acqui-
sition, analysis, and interpretation of digital evidence from drones in the context
of criminality. Introducing and critically examining the applications drone foren-
sics in crime investigation faces as a new discipline. The other important use of
drones highlighted in the study of Baig et al. [9], would be forensics in investigating
various crimes with the capability brought about by UAVs to collect digital evidence
and reconstruct the happenings. One of the most critical applications of forensic
drones is that they empower enforcement agencies with the capability to monitor
activities that would be visible from the eyes of a criminal. Drones are useful for
crime prevention purposes with the increase in criminal activities. A bunch of high-
resolution cameras and infrared sensors can make photos and videos of very fine
details regarding the crime scene, illegal activities, and behaviours of the suspects.
Baig et al. [9], further highlight that In search and rescuemissions to find lost persons,
accident victims, and evidence, drones can be used to carry out this mission in remote
locations or in areas that can only be accessed with great difficulty. They fly 360 with
GPS tracking systems and are fitted with thermal imaging cameras to fly over and
scan acres quickly and easily, hence allowing a search team to thoroughly search
and to track and prioritise from real-time data and transmitted pictures of the area
searched.

As per the findings of Alsulami [7], the collection and documentation of the
evidence is the use of UAVs, which usually ranges while collecting digital evidence
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like photos, videos, and even from the information sensor that is brought to court to
serve in the criminal proceeding. Another use of a drone is to give extensive aerial
footage about the crime and the related forensic artifacts on the scene, including
incidences that are instrumental in documenting spatial relationships and protecting
the evidence in its original context to reduce intoxication and prevent evidence loss.
In addition, from the study by Lawas et al. [23], it has been highlighted that drones
provide a good solution for the reconstruction of the scenes of accidents and forensic
mapping with the 3D models, orthomosaic, and point clouds resulting from the
imagery captured from the sky and the data of LightDetection andRanging (LiDAR).
Digital reconstructions might also include touch phase loci for visualisation in the
analysis of the spatial distribution of evidence, trajectory paths, and line-of-sight
perspectives, which are of great help in the reconstruction of events to accurately
establish causative factors.

2.2 CNNs in Forensic Science

According to the study conducted by Diallo et al. [18], CNNs (Convolutional neural
networks) have now been in use, based on the aspect of forgery detectors in images
through the aspect of convolutions. In light of this application, a new dawn has rolled
over the aspect of computer vision and the general image processing field. On the
other hand, rebranding positively to this case, the line of CNN evolution leads Diallo
et al. to emphasise the reference to a line ofCNNabout the early ‘80s.CNNunderwent
oblivion during the AI winter in 1990, with some new introductions of alternative
methods such as SupportVectorMachines andBayesianNetworks.CNNgot a revival
again in 2012 since high computational power could be easy with the available high-
performance computing systems, and the availability of annotated image datasets
like ImageNet. The study further adds that the accuracy of recognised objects in the
image, with powerful CNNs led to a breakthrough in image classification, and by that
time, the models like AlexNet, GoogLeNet, and ResNet reached accuracy levels that
were updated on benchmarks. CNNs have also found utility in the acceptance domain
of forensic science as methods to deal with tasks of detecting image forgery. Further
on in research, the authors introduced a specially engineered new convolutional
layer for detecting manipulated features using CNNs, for obvious showcasing of the
effectiveness of such layers in detecting many different types of image tampering
like adding noise, blurring, and resizing.

Similarly, CNN-based methods investigated the tampered region of the image
through the tens and long short-termmemory (LSTM) network to extract the feature.
Many researchers proposed techniques applying convolutional neural networks
(CNN) for patch feature extraction and targeted clustering for tampered region locali-
sationwithin the image. Taya et al. [47], proposed a specialisedCNNmodel supposed
to prevent face spoofing from taking place due to fake faces and at the same time
take and extract the discriminative deep features from the real faces. Further, Taya
et al. [47] elaborates that image scaling and resampling are some of the processing
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methods that bring inconveniences to high-fidelity data in forensic operations when
any hidden or destroyed entity is to be reconstituted, while high-frequency character-
istics are expected to be retained. On the other hand, CNNs are best in the aspect of
extracting more readable, easy-to-interpret macro characteristics related to the task
at hand, but are probably incapable of catching and explaining the minute pixel-level
sub-patterns existing in an image, possibly problematising this attempt.

According to the study conducted by Butt et al. [13], the traditional definition
method, even in datasets, contains high spectral and low spatial information of
hyperspectral imagery data, and even 1-D and 2-D CNN in handling the datasets
of HSI (Hyperspectral Imaging) in a way that retentive to the spatial information
from the datasets is effective if only the spectral information is processed. The study
uncovered an approach to unwrapping HSI datasets, named a deep learning-based
unpacking of hyperspectral images. This limitation has been addressed in a hybrid
CNN model that incorporated both 3D and 2D CNNs. The hybrid model thus aims
to synthesise the strengths of both models to refine spectral-spatial characteristics
in HSI data to improve classification accuracies. Each of the selected patches goes
through incremental PCA pre-processing. To prepare the HSI cube for processing
with higher efficiency in the computational part, each one of the selected patches
goes through incremental PCA pre-processing. It gives the output of the 3-D feature
maps through the processing of the small-sized overlapping 3-D patches of the HSI
cube by a 3-D kernel function. It holds the concomitance of both spatial and spectral
information effectively needed for the right classification.

These few mostly important parameters have been made a lot less as compared to
the other 2Dor 3DCNNmodels,where the designedHybridCNNmodel and all kinds
of parameters are connected to it as per the findings of Ahmad and Khursheed [1].
This not only helps in reducing the overall computational complexity but also towards
enhancement in efficiency related to training and interpretability of the model. The
study compared its hybrid architecture with the new proposed frameworks based on
CNN in various dimensions and proved its work efficiency and superiority regarding
framework classification and generation ability of the framework and computation
efficiency in the respective literature. In general, the study suggested a new hybrid
form of a CNN architecture for hyperspectral image processing, supported by an
improved endeavour toward maintaining the spatial and spectral information related
to hyperspectral data for an effective purpose in utilisation through classification
tasks. They also yield modern results with computational efficiency in such a way
that they register their success in using both the 3D CNN and 2D CNN together.
Applicability and relative performance among the methods can be estimated through
comprehensive experimental evaluation and comparison of the techniques, which
could provide evidence for the strength of the proposed method or even suggest new
directions for advancing hyperspectral image analysis in forensic science with wider
applicability in any remote sensing-driven investigation.
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2.3 Automated Detection and Classification of Drones

According to the findings of Baig et al. [9], the increase of automated detection is
very high in the use of drones the essence of automatic detection and classification
in a criminal investigation. Numerous methods have been implemented, which are
developed to try and counter the challenges associated with the very detection and
classification of drones, mainly done with CNN approaches in object detection and
recognition technique advancements. Object detection techniques help in localising
and identifying UAVs in images or respective video frames, which is very crucial in
anything designed to finance or attain automation of drone detection. Such plenty
comprises rather outdated techniques like sliding window-based methods, and hand-
crafted feature extraction, which concomitant the challenges of the accuracy and
computation efficiency problem, and other research works look into different tech-
niques for drone detection in general. According to Akter et al. [2], rather CNN-
based or deep learning-based research work in the form of advanced object detectors
for several applications. CNNs automatically add discriminative features from raw
image data, helping increase accuracy and robustness in the detection field and to
what environments drones operate in. These generic makes of CNN architectures,
with the usual aim of object recognition, were also experimented with and adapted
for drone detection purposes. Meanwhile, CNN architectures are conventional in
their normal design and are characterised by a large count of layers consisting of
convolutional, pooling, and fully connected settings to be trained with large-scale
datasets with the motive of learning hierarchical representations of features within
the visual input.

According to the study conducted by Patel et al. [32], some of the successful
architectures with prominent CNN ideas for object recognition include region-based
CNN architectures (R-CNN) and its work advancements, such as Fast R-CNN, Faster
R-CNN, and Mask R-CNN. It proposes regions of interest in the image and helps to
predict bounding box coordinates for the precise localisation of the object. Increasing
developments in sensors, such as radar, LiDAR, acoustic, etc., which are now being
fused effectively with visual data, increase the chances of detection of drones. Multi-
modal sensor fusion could successfully fuse the information from various sensor
modalities into a complementary one, helping in increasing reliability in detec-
tion and bringing down the false alarm rate. In addition, only detection of drones
doesn’t have to take place but at the same time, it must be classified on the notion
of its types, size, and behaviour so that the potential threat can be assessed and the
addressing of effective strategy will take place accordingly. In this respect, CNNs
have shown outstanding results in classifying drones due to their ability to learn
discriminative features from the data for training purposes. Similarly, as per Baig
et al. [9], regarding the drone classification question, even small volumes of the
training datasets with transfer learning are associated with high classification accu-
racy, allowing fine-tuning of pre-trained CNNmodels on the drone-specific datasets.
However, several approaches still face several issues, especially approaches that
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refer to automated detection and classification. The adversarial drone attack tech-
niquesmight just disorient and becomemisleading in caseswhen they are specifically
manipulated to avoid the ground truth by detection.

2.4 Frameworks for Drone Forensics

Study conducted by Alotaibi et al. [5], the frameworks mainly guide structured
methodologies and guidelines for the acquisition, analysis, and interpretation of
digital evidence from UAVs. Such frameworks have set many components regarding
ensuring reliability and proper integrity in investigations demanding the involvement
of drones. Key frameworks of the investigation are important in cases including
forensic data acquisition, pre-processing, feature extraction, analysis, reporting, and
post-classification. Data Acquisition is the actual collection of digital evidence from
the drone itself, which may be in the form of images, videos, logistical records of the
flight, or even communication details. Data pre-processing could involve cleansing,
normalisation, transformation, or many such steps so that later the data is prepared
for further analysis. Feature extraction helps to provide classified information from
raw data leading to the identification of target objects, detection of anomalies, and
extraction of spatial–temporal patterns. As per the findings of Studiawan et al. [44],
with the final explosion in the field of deep learning, which presents that it can process
visual data in a very high capacity, models of it, such as CNN, have taken popular
trends in their integration into forensic practice. The related functions identified in
this regard with relation to the CNN models in the frameworks of forensics include
object detection, image classification, and detection of image forgery. The use of hier-
archical representations learned by CNNs translates to more accuracy and efficiency
at which forensic investigators can perceive digital evidence under analysis.

Nguyen et al. [30], conducted the study to analyse how CNN models could be
incorporated into forensic frameworks in such ways through pre-trained models
acting as feature extractors. The CNN pre-trained models, like the one pre-trained
on the ImageNet instance, could further work well for fine-tuning forensic datasets
for the task-relevant features that would pertain to drone forensics. These will be
so poisonous to making available a firearm, which does not exist with centered
drone digital evidence analysis. Meanwhile, connecting to prior knowledge within
domain-specific architectures may be developed using other approaches within the
CNNmodel, like transfer learning strategies and data augmentation strategies. CNN
architecture used in the object detection design could leverage the detection of drones
in inputs in either images or video frames, and the architecture used in image forgery
detection could be leveraged for detecting anomalies or tampered regions in drone
footage. Nguyen et al. [30] further highlight that the effectiveness of CNNmodels in
a forensic framework has addressed problems in the areas of model interpretability,
model scalability, and computational efficiency. Knowledge techniques for visualisa-
tion and interpretation of the features from CNN come in handy for forensic investi-
gators to understand underlying patterns by themodel and interpret the outputs. Thus,
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these kinds of cases in practical applications are the prime importance in performing
CNN architecture optimisation for deployment on resource-constrained devices or
real-time environments to any level of forensic research.

2.5 Evaluation of Forensic Models and Frameworks

The forensic models and frameworks require an evaluation of effectiveness, relia-
bility, and application compared to some of the challenges facing drone investigation
[36]. Several performance evaluationmetrics andmethodologies have been proposed
in the past decade to enable techniques for comparison in forensics. This can be linked
to the performance measures that can be brought out by the assessment of a given
performance model in forensic analysis based on drones. This is about accuracy,
precision, recall, F-score, and the analysis of the ROC curve. Accuracy measures
overall correctness in predicting positive and negative prediction cases carried out
by a forensic model, while precision is approximately the measure of the proportion
of true positive predictions out of all positive predictions. Sensitivity in this instance
relates to the proportion of actual true predictions of the positive instances among all
positive instances. In addition, it is the harmonic mean of precision and recall. It is
the analysis of the ROC curve in which true positives and false positives at different
classification threshold rate averages give an idea about the discriminative forensic
model. According to the study conducted by Li et al. [24], comparative analysis of
forensic methods involves benchmarking different methodologies against each other
on standardised data sets. To quantify the accuracy and efficiency of different forensic
models and frameworks while comparing themwith each other, in simulative as well
as in real forensic conditions, researchers have gone ahead and conducted experi-
ments with the changing times in the occurrence of events regarding aspects such
as changes in lighting, changes in weather, and types of drones, performance tuning
parameters.

According toLi et al. [25], the evolution of forensicmodelsmay include the testing
of various models on benchmark datasets or the simulation of real forensic scenarios
and their evaluation during changes or different conditions like changes in lighting, or
changes inweather, and the types of drones, performance tuning parameters. Another
way such comparative analysis has to be done is through controlled experiments in
which the forensic models are applied for comparison against synthetic datasets
created to mimic some forensic scenarios of a real nature to some extent. Synthetic
datasets make it possible for a change in uncertain variables parametrically that affect
the performance of models under circumstances such as image resolutions, noise
levels, and environmental conditions. As per Jafar et al. [22], the experiments could
be carried out over the real dataset being taken from drone forensics research to judge
the performance as well as the robustness of the forensicmodel in real circumstances.
Closing the mentioned gap can be carried out through comparative analysis, either
on public benchmark data or running tests on some private comparative datasets,
such as UAVDT and VisDrone. Annotated images and videos in datasets are taken
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across situations, and best described to extend the strength of a forensic model across
different situations. Therefore, benchmarking methods against such datasets accu-
rately inform forensic scientists of the strengths and weaknesses of these different
forensic methods, such data hence provide indicators of where improvements are
really necessary.

2.6 Potential of CNN Models and Forensic Frameworks

Notableworks done by Shah et al. [41], on drone forensics apply forensic frameworks
and deep learning with CNN models and imbue the boosted potential of the field,
preparing to put forth counter-challenges in the futurewith respect to forensic drones.
Further, the looming and various future directions likely to be pursued in the drone
forensics domain are sure to barge in and also contribute to the landscape through the
investigationmethodologies shaping up alongwith technological advancements. The
recent line of integrated research includesmultimodal sensor data, integratedwith the
CNN model in light of boosting forensic frameworks. Data collected through radar
and LiDER sensors, acoustic sensors, integrated sequentially, and with visual data
collected by drones in one integrated study of drone-related incidents, could, with
the passage of time, enhance the much-needed precision in detection. In addition
to the above facts, the recent development in sensor-fusion techniques and Deep
Learning algorithms could afford reasonably good hope for a robust and reliable
forensic model, which can analyse complex and heterogeneous sources of data. As
per Schneider and Breitinger [40], It is along this line of thinking that Explainable
AI (XAI) and interpretable machine learning can be seen as a game-changer in the
theory and practice of model interpretability and assurance more broadly, which
should carry over to drone-based applications. The XAI techniques help to give
insights into predictions made by CNNmodels, they explain how the predictions are
made and what features are learned at the time of the predictions.

Similarly, according to the study conducted by Yang et al. [50], some other
technologies trying to come into the limelight, covering up for the perspective of
gaining on hardware acceleration, were Graphics Processing Units (GPUs), Field
Programmable Gate Arrays (FPGAs), and Application-Specific Integrated Circuits
(ASICs), gearing up for real-time big data processing and focusing on scaling and
enhancing the efficiency of the framework for its application in forensics. Modern
forensic applications using parallel computing architectures will: Such challenges
and opportunities for improvement of CNN models within the frames of forensic
frameworks in the context of drone forensics are therefore intertwined, propagating
challenges alternatively with ways for innovation. Amongst them is the demand for
robustness and resilience to the adversarial attack if drones are forced to operate under
deviation of the radar signal. In addition, this further requires the development of
adversarial training paradigms and adversarial defence mechanisms to create robust
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forensics models working in practice. Furthermore, the private and sensitive infor-
mation captured by drones will be protected not only by air but by constitutional and
written strict legislation.

3 Research Process

This section discusses the methodology involved in the study. It provides a complete
overview of the strategies involved in achieving the research objectives. The imple-
mentation of drones in crime investigation involves comprehensive and detailed
work. In order to make the drones able to be used in crime investigation, an image
classification and object detection attribute is aimed to add in drones.

The task of image classification and object detection is a machine learning task
in which drones are aimed to learn about the images. Learning about those images
enables the drone to perform image classification tasks. In the process of data collec-
tion, all the data that is relevant to the task has to be collected which will further be
used for further analysis and model implementation. As this task is related to image
classification and object detection, therefore, the data that is collected consists of
images of different cars and vehicles in this research. The selected task is partic-
ularly aimed at detecting the objects from drones, therefore different types of cars
and other vehicle images are used to train the model. Furthermore, the data that is
collected contains raw images of vehicles and does not have any label, thus this
type of machine learning is unsupervised learning [14]. The name of the dataset
collected is cars and vehicles from the low-quality drone and it can be accessed from
Kaggle. Kaggle is an open-source data science platform that serves as a useful tool
for providing datasets of different categories. The collected dataset can be accessed
at Kaggle https://www.kaggle.com/datasets/fxmikf/cars-and-vehicles-from-low-qua
lity-drone/data?select=images. The dataset contains images of different vehicles such
as private cars, pickup trucks, tractors, and tanks. The images in the dataset consist
of both positive and negative examples. This means that in some geographical areas,
there are vehicles, hence these types of images are referred to as negative examples.

Data preprocessing is the step that includes all the methods and procedures for the
cleaning of data. Data preprocessing is also called data cleaning as it removes all the
unwanted values and attributes that are present in the data (Joshi et al., 2021). The
primary goal of this process is to enhance or optimise the data to be used for model
implementation. Some of the main tasks that are involved in the entire process of
data preprocessing are discussed as follows:

• Handling missing data

Handling missing data is a crucial and important aspect of data preprocessing [37].
Missing values in the dataset adversely impact the performance of the model, there-
fore it is necessary to identify the missing values of the data and remove them
accordingly. One important key point to be observed is that during the process of

https://www.kaggle.com/datasets/fxmikf/cars-and-vehicles-from-low-quality-drone/data%3Fselect%3Dimages


Analysing the Effectiveness of YOLO Model in Detecting the Images … 75

handling missing data, the remaining data has to be in good condition and does not
need to be distorted. Considering this concern, some advanced techniques such as
imputation are used. With the help of this technique, the missing values of the data
are catered without even distorting the remaining part of the entire data.

• Standardizing and normalizing

This step is also considered to be a vital aspect of data preprocessing. The main
objective of standardizing and normalizing is to ensure coherency and consistency
in the data [38]. With the help of this technique, the diverse scales and values present
in the data are set to be in a standardized format. Furthermore, this technique also
presents a clear reflection of a fair comparison of values which ensures the prevention
of some features from dominating others. This step is also considered to be important
because it helps in data analysiswheremultiple features are compared and visualized.

• Eliminating duplicate values

It has been often found that in the dataset, there are some values under certain features
that are repetitive. These values are called duplicate values. Duplicate values are also
considered an unwanted aspect of the dataset as they impact the analysis of data
by distorting it and also impact the decision-making process of the model [12].
Therefore, in the process of data preprocessing, the identification and elimination
of these duplicate values also possess significant importance. By the removal of
duplicate or redundant values, the dataset upholds its accuracy and tends to yield a
practical and high-quality result.

• Handling Outliers

An outlier is defined as a random or distant observation that does not seem to belong
or correlate with other observations of the variable [45]. It does not follow the path
of other observations and outlies itself from the entire dataset. These types of obser-
vations and values significantly impact the outcomes of the entire model and reduce
the accuracy of the model. Therefore, to make the model able to yield good accu-
racy, these types also needed to be eliminated. In the process of data preprocessing,
techniques of trimming and transforming an outlier help in handling these types of
values [17].

• Data analysis

Data analysis is an integral part of the machine learning pipeline and it is somehow
connected to the process of data preprocessing. The primary goal of this process is to
analyse the data properly and derive useful insights and patterns from the data [28].
This process includes the comparison of different variables with each other to find
out the relation between them. It also includes the comparison of different variables
to the target variable just to identify the correspondence between independent and
dependent variables. In the case of image classification, data analysis includes the
process of identifying the number or frequency of each feature present in the dataset.
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By visualizing the frequency of each feature in the form of different graphs, the
quantity of those attributes will be revealed which eventually helps in the process
of model fitting [35]. In the process of data analysis, the main features of the data
are focused on being analyzed and summarized. The data can be summarized in the
form of two types of summary.

• Numerical summary

Numerical summary refers to the summary of the data in the form of numbers. This
type of summary includes different techniques such asmean,mode,median, standard
deviation, etc. A numerical summary helps in defining the quantity of each variable
and attribute in the form of numbers. A numerical summary can be of:

• Univariate

Univariate summarize the data of only variables in the form of numbers.

• Bivariate

While bivariate summarizes two variables.

• Graphical summary

Another interpretation of data in the process of data analysis is the graphical summary.
Graphical summary involves the summary of the data in the forms of visualizations
and especially different types of graphs. Different types of graphs such as histograms,
boxplots, scatter plots, etc. are used to visualize the main attributes and features of
the data.

The process of data analysis helps in understanding the data. A better under-
standing of the data ultimately helps in better model implementation.

3.1 Model Implementation

After a comprehensive process of data collection, data preprocessing, and data anal-
ysis, the next step is the implementation of a machine-learning model. The imple-
mentation of the machine learning model is a detailed process that involves various
steps.

• Separating features and target variable

The first step for the implementation of the machine learning model is to specify
the model about the features and the target variable. The features are defined as the
independent variables which can be used to predict the dependent variable. On the
other hand, the target variable is the dependent variable which will be predicted by
using the features of the data. By defining these specifications of the data to the
model, a clear understanding of the prediction value is developed.
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• Splitting the dataset

This step plays an important role as it impacts the accuracy power of the model.
Splitting the dataset includes splitting data into training and testing datasets.

• Training dataset

A training dataset is defined as the data that is to be used for training [48]. For the
proper implementation of the ML model, the training dataset has to be greater than
the testing dataset, therefore 80% of the entire data is set to be training.With a greater
number of values to be trained on, themodel will be trained better, and it will generate
good results on testing data.

• Testing dataset

Testing data on the other hand can be defined as a dataset that is used for testing [34].
After the training of the model, the model has to be tested, therefore, this dataset is
used for validation. The testing dataset is comparably smaller i.e. 20% of the entire
dataset.

• Model training

The final step of model implementation is the training of the model. In the model
training, a specific model is selected to be used in accordance with the nature of the
task. In the case of image detection, the machine learning model of YOLO is selected
to be trained. Yolo is a famous image classification model [43]. Yolo or you only
look once involves the detection of the image by dividing the image into different
parts or grids. Each distributed part or grid detects the object present in it. Further
investigation reflects that Yolo is one of the best algorithms for object detection as it
is easier, faster, and simpler to train.

• Model evaluation

After the training of the model, one essential step that is required is to evaluate the
performance of the model [46]. This process evaluates the accuracy of the trained
model by executing some validation tests. These tests include the generation of a
confusionmatrix by evaluating the accuracy, f1 score, recall, andAUCof themodel. If
these tests come out to be appropriate or acceptable then the entire process is finished
but if the results are not satisfactory then the process of training and evaluation along
with some additional work likemodel tuning and hypermeter tuningwill be repeated.

4 Analysis and Findings

The notebook starts with the unzipping of a data file. This is to say that the initial
dataset is packed, and there is a necessity for its extraction to proceed further for
analysis. To do this, it uses a ‘-q’ flag for quiet operation and tries to keep the output
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minimum. Subsequent replacement prompts should, however, indicate overwriting of
the previous data, suggesting iterative development or having repeated experiments.

This is followed by an inventory of what lies inside the ‘extracted_images’ folder.
The Python ‘os’ function ‘listdir()’ is used in this process. This reveals crucial files
such as ‘notes.json’ and ‘classes.txt’, most likely containing metadata about the
dataset and subdirectories for ‘labels’ and ‘images’ that usually come by in ordinary
ML tasks on image data. It verifies the extraction indicates the number of image files
and lists some file names such that expected data is in place for processing.

• Environment Setup and Model Implementation

The environment is set up with the installation of necessary libraries, and YOLOv5
needs to be cloned from GitHub. Generally, YOLOv5 denotes the architecture of
object detection that has become so common when dealing with the task of the
uploaded image. The requirements for YOLOv5 are installed, and then the notebook
transitions into the Python environment.

Next, the pre-trained YOLOv5s model using ‘torch.hub.load’ from PyTorch is
loadedwith pre-set values balanced in the speed of inferences and detection accuracy.
Then, the model was used to run detections over a subset of images from the dataset.
The results of predictions are visualised and optionally saved. Itworks at the process’s
lowest level and corresponds to the output one can see on the uploaded image: objects,
for example, “car” or “person”, are recognised by this system with bounding boxes
and confidence scores.

• Fine-Tuning

The next section of code moves towards fine-tuning the model. The provided set
of images and labels is divided into training and validation. However, this was an
80–20 ratio, which is set as standard practice to help in improvements in validation
for model performance over unseen data. The dataset is then reorganised into new
directories to fit the structure expected by the YOLOv5 training process.

The training process is initialised by running the script ‘train.py’ from the
YOLOv5 repository with a set of predefined hyperparameters. The error that was
raised is that it could not find ‘dataset.yaml’ at first. Once configured correctly and
the file saved into the working directory, it results in the perfect continuation of
training. This file is crucial in the sense that it contains the paths to the training and
validation data, as well as the number of classes and their names, prerequisites for
successful training.

• Model Training

The training log confirms a successful start of the training process with the model
YOLOv5s. The displayed output is the structure of the model with the various layers
and parameters, hence giving an impression of how complex the neural network is. It
will also log what optimizer is being used (SGD in this case), and data augmentation
techniques that will be applied, and keep track of the progress of caching images
so that we train the model more efficiently. The boxes of the anchor are compared
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with targets while the verification of the suit is displayed compared with targets, very
important, to ensure the model has the ability to detect objects at different scales and
orientations.

Further, the process elaborates with epoch-by-epoch training metrics, such as loss
and instance, useful to see the learning process of the model if it actually becomes
effective and improves from one learning sequence to another.

• Model Evaluation and Utilisation

This final code simply indicates that the model weights have been trained and saved
for further use or evaluation. The ‘torch.Load’ will load in the model architecture
and learned weights, after which it is pretty much ready for a variety of inference
tasks, just like the detection evidenced in the uploaded image.

It will be flowing through the notebook quite consistently from environmental
setup, model fine-tuning, and training, up to the evaluation of the prepared data. This
workflow is rather conventional for the majority of machine learning projects used
in detecting and classifying objects within images. YOLOv5 is poised as an object
detection model best suited for this kind of task due to its handling balance between
speed and accuracy.

Errors encountered and fixed, such as the missing ‘dataset.yaml’, are part of
the normal debug-edit-debug cycle that a data analyst would go through. Such an
iterative process of modifying configurations, paths, and parameters, and re-running
the training script would be characteristic of an empirical exercise in tuning machine
learning models.

The step of loading the custom-trained model’s weights for future use puts a
highlight on the end goal of the notebook: To create a tailored object detection
model that can, from an image, be able to detect some class of objects and be used in
applications like surveillance, autonomous driving, and even aerial imagery analysis.
Figure 1, is the uploaded image of the detected objects, along with the associated
confidence scores, representing the practical output of the project by successfully
detecting the objects from the given images as ‘person’, and ‘cars’.

In this notebook, code quality and organisation are such that they contribute much
to the reproducibility and understanding of the analysis being done. These include
clear variable names, commenting on sections of code that are not obvious, and
making the notebook well-structured for readers to follow through the process of
analysis.

From the above result, it is observed that the trained YOLO model proves to be
handy or useful in detecting the images captured by the drone. In the above image,
the trained YOLO model identifies the objects which includes vehicles i.e. cars and
person. On further observation it is detected that the YOLO model predicts the cars
as 85 and 74% whereas it identifies the object as man by 25%. With the help of this
observation, it is reflected that the YOLOmodel is working properly but it still needs
need tuning and improvements.

Data preparation is among the very basic first steps in each and every machine
learning project. Diligence in unsipping and looking through the initial dataset
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Fig. 1 Result of implemented ML model

ensures that the ground on which the model will be built is solid. This step is really
important for verification that required data, in this case, images and associated labels,
are available and organized well for processing. For example, in the inventory, one
would use the example in Python with the function os.listdir() to verify the dataset,
hence implying that the dataset should be well organized before the training and
validation of the model.

These are very critical decisions: setting the environment and choosing an appro-
priatemodel, as they can hold a huge influence on the output of the project. Very good
can mean very special when it comes to choosing the YOLOv5 model, one of those
praised for its balance between the speed of inference and accuracy of detection.
This conforms to the general trend in modern object detection, where efficiency and
accuracy are key to a project such as this. The YOLOv5 model is within reach, obvi-
ously accessible to practitioners, and makes deploying such advanced techniques in
their real-world applications possible [33].

In both sections of fine-tuning and training, it is apparent that all the given pre-
trainedmodels are admissible in the tasks. The project also exhibits standards and best
practices for model adaptation by restructuring the dataset into a form expected by
the YOLOv5 model and then splitting it into train and validation. This further shows
the adaptability that corrects wrongs, like the one being pointed out on the missing
file dataset.yaml. This reveals the iterative development of the model. This is an
iterative process that constantly requires testing, fixing errors, and tuning parameters
critical to refining the model so that it befittingly performs on the given task [11].
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In model evaluation and utilization, the efforts that were invested in the earlier
phases are understood.Loading theweights of the custom-trainedmodel for inference
tasks accomplishes the goal of transitioning from development to application and,
in the process, lets the model be used in its true role of object detection within
images. This aims to clarify the business implication for machine learning projects:
the objective of the project is to deploy models that can be executed accurately and
efficiently in the targeted real-world scenario. The successful detection of the objects
like “person,” “cars,” etc., in the uploaded images prepares a concrete ground for the
model to be ready for deployment in both surveillance applications and autonomous
driving [26].

An overarching theme in the described project is the iterative nature of machine
learning development. That requirement, therefore, reflects an empirical approach
of unzipping, overwriting, and fine-tuning the model iteratively to characterize the
field. Through the trial and error of this whole step-by-step process, the following
well-tunedmodelwill be realized for high performance in certain tasks. Thismachine
learning project is a great example of a dynamic and changing character, which has
flexibility and adaptability in any situation, while making a difference in problem
resolution and optimization of outcomes [20].

The deployment of object detection models, like YOLOv5, in various domains,
from surveillance to autonomous driving, comes with important ethical considera-
tions. The realization of such models, even if they hold gigantic benefits to societies
in terms of safety and efficiency, results in risking the privacy and security of people.
The use of surveillance technologies should therefore balance security with indi-
vidual rights to privacy. Moreover, the perception, tracking, and object detection
capabilities of autonomous vehicles all bring in out-of-context that these capabili-
ties will require heavy testing and validation before they can be considered safe and
trustworthy for all operational scenarios.

The described project is based on data preparation to model evaluation and is a
miniature of the larger world of machine learning and computer vision. It outlines
essential steps and considerations in the development and deployment of models
able to carry out more complex tasks, like object detection. The choice of YOLOv5
and emphasizing data integrity, with the iterative model development nature now
transitioning into real-world applications, all sum up as challenges and opportunities
that lie in this field. As machine learning continues to evolve, projects such as those
described in this paper will always be on the very leading edge of technological
advancement, pushing the envelope of possibility while dealing with a new ethical
frontier in applicability.
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5 Conclusion

The domain of drone forensics in criminal investigation represents an important
intersection between new technology and law enforcement methodologies [21].
The research work has critically analysed the delicate balance between advance-
ment in technology and forensic applicability, focusing much on the recent applica-
tion and implementation of Convolutional Neural Networks (CNN) and YOLO in
the enhancement of precise and efficient drone-enabled collection and analysis of
evidence in criminal investigations.

The embedded CNNs and YOLO in drone forensics manifested great potential to
change the approach to crime scene analysis [16]. This model, therefore, developed
to automatically detect and classify objects, would furnish law enforcement agencies
with a working tool to increase the speeds at which evidence is collected, as well as
increasing accuracy in the data collected. This is quite crucial in modern forensics,
where the speed of data analysis is often as critical as the accuracy of the findings
themselves [19].

Throughout this research, models and frameworks are assessed in a practical, real-
case environment. From the discussion, it can be observed that though the existing
models have offered huge benefits, they do also have challenges, ranging from
adapting to the different evolving drone technologies and mitigating anti-forensic
techniques. The proposed work targets these issues very well and comes up with
a broad framework that will support not only the integration of CNN and YOLO
models into present-day digital forensic practices but, if integrated, may enhance
reliability and efficiency.

The implications of this research go far beyond the immediate improvements
that drones bring to forensic methodologies. It sets a pattern for shifting into the
future of the industrial revolution and changing practices in law enforcement from
one technological advance to another that demonstrates the utmost importance of
interdisciplinary research. These practices have very deep practical implications in
the sense of offering immediate benefits to enhanced forensic capabilities and laying
down a base for potential future innovations.

Additionally, this proposed research significantly contributes to the academic
and practical body of knowledge related to drone forensics in crime investigation
by carrying out a critical review of what currently exists and clearly defining the
future research needs and limitations of the same. It really shows the innovation and
adaptivity of forensic science to the fast changes in technology and the increasing
application in curbing criminal activities.

• Limitations

First, the absolute limitation is that CNN requires quality data in bulk to train and
test the model. CNN functionality is highly dependent on the amount, quality, and
variability of the data. In drone forensics, the acquisition of such data can be difficult
because the conditions under which drones operate are variant, and so is the nature
of drone technologies [49]. Such variation may result in a reduced level of generality
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and applicability of the forensic models developed, as models may not necessarily
perform similarly from one drone platform or environmental condition to another.
Moreover, since CNNs are sensitive to quality input data, degradation in the quality
of input data due to the environment or any other deliberately created anti-forensic
methods will adversely affect the accuracy and reliability [39].

Second, the computational requirements of learning and applying CNN or YOLO
models are quite huge and significant [15]. On the computation front, handling large
data sets, as well as making very intricate calculations, might at some level be consid-
ered a little bit high for law enforcement institutions that really do not have that
much in terms of technological resources. However, this imposes an extremely high
computational burden in real practical scenarios and therefore can limit the real-
world applicability of drone forensic tools based on CNNs in cases for which rapid
response and processing are often critical.

Furthermore, this research faced the limitation of the very fast-changing nature
of the drone technology itself. The technology of drones is changing so fast that
newly developed and incorporated counter-forensic techniques into the models and
frameworks may, in fact, soon be outdated by new emerging ones. This means that a
continuous cycle of model updating and retraining needs to be undertaken, which is
an expensive venture and may at times not be tenable in the fast-changing forensic
environment.

Another critical weakness is the legal and ethical considerations in drone forensics
[42].Majorly, the implicationof drones in surveillance and evidence collectionduring
criminal investigation brings out great privacy concerns.
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Abstract In today’s healthcare landscape, the demand for exchanging healthcare
data across borders is escalating, but it comes with significant challenges such as
privacy and regulatory compliance. The integration of Self-Sovereign Identity (SSI)
with blockchain technology emerges as a promising solution. This research evalu-
ates the significance of the SSI-Blockchain Digital Identity framework in overseeing
cross-border healthcare records and investigates its integration with the General
Data Protection Regulation (GDPR) and Health Level Seven (HL7) Fast Health-
care Interoperability Resources (FHIR) standards. It provides an examination of the
proposed framework, focusing on its attribute to target the privacy, security, inter-
operability, societal acceptance challenges. The results suggests that the integration
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1 Introduction

Traditional methods of healthcare data management typically rely on central-
ized systems administrated by healthcare institutions or government bodies. These
systems frequently lead to data fragmentation, restricted access, and inadequate inter-
operability among different healthcare providers and platforms. The lack of stan-
dardized procedures for data exchange and the differences in regulatory frameworks
across regionsworsen the challenges linked to sharing healthcare data across-regions.

Handling cross-border health records demands strict confidentiality protocols to
preserve the privacy of patient data, which may pose a challenge for patients consid-
ering relocation, needing utmost discretion from health record custodies. To miti-
gate this obstacle, introducing a Self-Sovereign Identity (SSI)—Blockchain Digital
Identity framework tailored for patients offers a promising solution.

Protecting the patient privacy and security in health recordmanagement is crucial,
and the proposed SSI-Blockchain Digital Identity Framework presents a solution
crafted to securely manage health records across borders.

2 Literature Review

Digital conversion of the healthcare data and the escalating global expansion of
the healthcare services spotlighted the significance for robust frameworks which
assure the reliable and efficient management of medical records across borders.
Studying the current literature, this review evaluates the growing significance of
the Self-Sovereign Identity and Blockchain in navigating the complicated issues
affiliated with the management of the patient data governance internationally within
the healthcare sector. The Department for Digital, Medical activities and sport [1]
defines digital identity as digital representation of an individual or of an organization,
permitting them to attest their identity on online activities, and interact with the
organization or obtain services from them without relying on previous traditional
transactions such as phone calls or posts. The digital identity can then be used online
or offline in the digital process.

Personal health information records pose a challenge as there is a conflict between
privacy protection laws and necessity to disclose personal information, and in the
course of engagingwith healthcare providers, significant clinical data are created, but
the division of medical records among multiple entities, results in isolated databases,
and the escalating use ofwearable devices for collecting information about health and
lifestyle contributes to the formation of isolated repositories for patient-generated
health information. Since the fragmentation of personal medical records poses a
challenge to establishing a detailed health track record the dilemma can be solved by
adhering to an innovative decentralized strategy, with user-controlled data structures
to guarantee accurate diagnoses and empower patients with ownership over their
medical data [2].
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2.1 Self-sovereign Identity (SSI)

To address the ownership challenges [3] suggested the implementation of SSI for
the healthcare scenario where patients have full control over their data, providing
authorizations for accessing specific data and by whom and with the ability to with-
draw the access at any time, meanwhile to address the issues related to sharing and
securing sensitive medical information among health care entities, simultaneously
guaranteeing patients that the control over their data remain on their power, the
implementation of Blockchain is suggested.

Self- Sovereign Identity has been acknowledged as an innovative solution for the
issues related to the identity governance in the digital era [4]. Particularly within
the healthcare sector the importance of SSI is multi-dimensional, where protecting
the patient sensitive information is of a crucial importance, Self-Sovereign Iden-
tity is centred around a user-focused methodology that offers to patients not only
the authority to manage their personal health information and having control over
information sharing but also fosters a basis of trust between the patients and the
healthcare providers. SSI non-centralized structure synchronizes with principles of
patient-focused, cultivating trust, enhancing patient involvement in the governance
of their health information. On the other hand, Saranya and Murugan [5] empha-
size that it is the Blockchain as a decentralized and distributed ledger technology
which guarantees the transparency, security and inalterability of stored data, with
critical attributes including consensus mechanisms, cryptographic hashing and smart
contracts guaranteeing the integrity and reliability of the information stored on the
Blockchain, and is its decentralized design that makes it immune to the single points
of failure and unauthorised modifications.

According to Attaran [6], traditional healthcare record-keeping systems depend
on the interaction between the patient and the physician, repeatedly neglects to make
the most of the available data, causing a time-consuming and tiresome healthcare
procedure, essential patient data is fragmented across multiple systems, offering
inadequate healthcare data security and reliability, and lack of interoperability in
which the health data exchange should be driven by patients. The answer to these
challenges is implementingBlockchain technology solutions.Blockchain technology
can ensure data integrity and security for the healthcare system. The integration of
Self Sovereign Identity and Blockchain technology offers a robust framework to
enhance the security and interoperability of cross-border healthcare patient records.
Recent research conducted by Harrell et al. [7] emphasized the capacity of merging
the patient-driven characteristics of SSI with the security attributes of Blockchain.
By integrating these elements, patients are empowered to retain control over their
data, and simultaneously can benefit from the incremented security and reliability
blockchain solutions offers.
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2.2 Blockchain Technology Solutions

In 2008 Nakamoto introduced Blockchain and defined it as a structured sequence of
records that are interlinked within a chain of blocks (in a peer-to peer network) and
considered a foundational element for a groundbreaking payment system, laying the
ground for cryptocurrency movement, and since then its unique properties such as
decentralized control, immutability, transparency, and crypto-economic has led to its
global implementation in different sectors. Numerous research studies underscore the
advantageous outcomes utilising Blockchain technology within the healthcare envi-
ronment, due to its capacity to guarantee secure and compatible sharing of healthcare
data within various parties, such as patients, healthcare providers and policy issuers,
with broad utilization from managing the electronic health records (EHR) to moni-
toring the history of pharmaceutical within the supply chain. Kaneriya and Patel
[8] highlighted that his decentralized and distributed ledger technology guarantees
the security, transparency, and immutability of data, and due crucial features like
the consensus mechanisms, cryptographic hashing and smart contracts, the integrity
and trustworthiness of stored information is guaranteed, and due to its decentralized
design, it offers fortification against single point of failures and unauthorised modi-
fications. Similarly, Tcholakian et al. [9] claims that Blockchain addresses health-
care data integrity challenges by establishing a fortified and transparent landscape,
and through cryptographic hashing data integrity is ensured preventing unautho-
rized modifications, whereas with smart contracts (automated self-executed digital
agreements) streamline integrity assessments, the reliability of healthcare data is
enhanced.

According to Sinqueira et al. [2], the essence of decentralised control is the shared
information among participants, guaranteeing accessibility even with some partici-
pants offline or leaving the system, immutability means that all participants possess
the same unalterable information added to the list, enabling collaboration and secure
auditing, and as the information is linked, it provides traceability, and the direct
exchange mechanism offers rewards and motivates participants to sustain the system
in blockchain. In the realm of Blockchain every block is composed of a header and a
collection of information specific to the applied scenario, with the header playing a
crucial role in connecting the current block to its predecessor in the chain, while the
list holds the specific information, the information will be considered a transaction,
serving as a metadata, containing key attributes for identification. Ahmed et al. [10]
explained that for the healthcare domain scenario this metadata could involve the
patient identifiers linked with the doctors’ prescription. For validating the prescrip-
tions’ date Blockchain provides a platform for developers to carry out and utilize
it as a smart contract, an unchangeable and transparent software executed by all
participants which upholds the business requirements for stored information.
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2.3 SSI-Blockchain Approaches

Due to the distributed structure of the SSI, concerns affiliated with the data breaches,
unauthorised access, safeguarding the privacy of sensitive health records are more
effectively addressed. Moreover, SSI stand out in effectively addressing the issue of
interoperability, which is a persistent challenge in the healthcare sector. IEE Standard
Computer Dictionary [11] defines interoperability as the proficiency of two or more
systems or components to share information and utilise the exchanged information.
SSI, through the provision of a standardized framework for e-identities, facilitates the
smooth and secure interchange of data among various healthcare providers. Improved
interoperability promotes the seamless continuation of care, simplifying processes,
and strengthening the global performance of healthcare services.

The SSI origine is related with the rising issues affiliated with the traditional iden-
tity management systems. Conventional methods depended on centralized author-
ities and databases commonly causing privacy violations, identity impersonation,
absence of user oversight. The demand for a more fortified, privacy-centric, user-
directed identity approach became evident, paving theway for the emergence of Self-
Sovereign Identity in the early 2000s, with the primary aim to empower users to take
control of their personal records. During 2010 with the integration of the distributed
ledger technology (Blockchain) with the SSI, a decentralized and invulnerable solu-
tion came out. The creation of standards and protocols was started by entities and
communities to define the characteristics of SSI, paramount for the establishment
of the SSI are the main standards: Decentralized Identifiers (DIDs) and Verifiable
Credentials. The first practical implementations are found in the financial, healthcare
and government sectors. The SSI framework continued to grow through the inclusion
of emerging businesses, reputable tech firms, regulatory authorities.

Key principles such as users-centricity, decentralization, interoperability, privacy
by design, consent and revocation and key features such as: Decentralized Identifiers
(DIDs), Verifiable Credentials, Blockchain Technology, Self-Executing Contracts,
Mobile Wallets, Revocation Registers, distinguish SSI from traditional identity
management systems and seek to establish a reliable, user-focused, confidential
identity environment, reshaping the way individuals handle and communicate their
e-identities. According to Bai et al. [12], due to user-centricity principle, SSI will
place the individuals as the principal authority over their identity data, allowing them
to control and share data at their discretion. Through the decentralization of identity
verification, SSImitigates the risk of single downfall point, reducing the vulnerability
to data security breaches, and strengthening the security. With interoperability, SSI
applications can operate smoothly on different platforms and services, supporting
a unified and well-integrated identity framework. Privacy is prioritized, individuals
are allowed to provide only required information for a specific transaction, without
exposing surplus details. Users can authorise or deny the consent for disclosing their
personal details.
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With Self Sovereign Identity only the legitim user who is capable to validate its
digital identity have fully access on their personal identification data’s, can contin-
uously control, and have the competence to authorize the use or the amount of the
crucial data’s to be shared for the specific requirement, and with the possibility of
portability of their data’s from one platform to another without depending on the
availability of the issuers or the verifiers when they want or need to use their identity.
Every user with the help of the wallet app can produce its DID private–public duo,
record the private key on its wallet and register its public key on the identity register
(validation data register) on SSI-Blockchain (De Salve et al. 2023). Similarly, Houtan
et al. [13] reported that the role the issuer (example: NHS) has in this scheme is to
release verified electronically signed identity credentials for the claim they receive
by the user containing affirmed user personal identity information (the issuer will
also put its DID on the affirmation) and then record the affirmation on the blockchain.

The user can present the issuer the request for verification and receive the issuer
attestation even though the issuer is not online. These affirmations (which are
encrypted and saved only on the user’s device app or cloud and only the user has
absolute power over this details) than are used by the user to request a service to
a service provider (GP) by displaying the full (verified) identity claim or a part of
it (by controlling the amount of data it want to share with the service provider, by
providing minimum personal data exposure), which then the service provider veri-
fies the user’s identity (users public DID) and the affirmation provided by the issuer
(Issuer public DID) on the blockchain public identity register and then provide to
the user the requested service [14].

According to Paul et al. [15] with the digitalization of the healthcare industry
cyber threats aremore present than ever and formulate themain concern in the current
used technologies for the patient record management, causing costly damages such
as endpoint exposure, patient authentication flaws and exaggerated user permissions,
and data breaches on healthcare organizationsmay compromise the privacy and secu-
rity of the patient records such as medical history, social security number, treatment,
insurance and payments details. In response to these challenges, healthcare organi-
zations must emphasize cybersecurity measures. This entails conducting regular risk
assessments, offering thorough employee training, adopting secure authentication
practices, deploying robust security protocols, to safeguard patient record against
possible cyber hazards and unauthorized access.

According to the Department of Health and Social Care press release (GOV.UK,
2023), the health and social care sector have undergone notable progress in recent
years, adopting a broader array of tools for cyber defence and response and currently
the sector exhibits a notably elevated standard of protection against cyber-attacks
compare to the timeframeof theWannaCryCyber-attack in 2017, this due to the direct
connectivity of NHS trusts to the NHS England’s Cyber Security Operations Centre
(CSOC), which ensures instantaneous protection against any suspicious activities for
approximately 13.7million deviceswithin theNHSnetwork, blocking approximately
21 million malicious emails on a monthly basis.

FBI report (2018) states that the most common cyber-attacks are the Ransomware
(malicious passwords) intentionally designed to restrict access to computer systems



Evaluating the Importance of SSI-Blockchain Digital Identity … 93

or files until a ransom is paid) attacks which target the software vulnerabilities
(unpatched or outdated software’s, neglected security gaps) and perform phishing
attacks. National Cyber Security Centre [16] defines the phishing attacks as a social
engineering strategy in which attackers manipulate individuals, sending deceitful
emails or messages to the healthcare personnel, camouflaging these emails to appear
as legitimate communications, to disclose sensitive details, such as usernames and
passwords to then gain access to the patient record. The heightened value of patient
data in healthcare systems, makes them frequent targets for these types of attacks,
deemed lucrative by cybercriminals.

According to the Department of Health and Social Care [17], May 2017 marked
the occurrence of the global incident WannaCry ransomware assault, which utilized
encryption malware on over 200,000 computers in more than 100 countries, espe-
cially affecting those with vulnerable operating systems. While the UK health sector
wasn’t the main objective, the NHS in England and Scotland felt its impact, and this
has been registered as one of the largest attacks on the NHS. A considerable number
of NHS devices, primarily operating on a supported but unpatched (known and unad-
dressed security vulnerabilities) system fell prey to this widespread attack, with a
minimum of 34% of trusts in England facing disruption, leading to the cancellation
of thousands of appointments and surgeries, with patients from different departments
obligated to travel longer distances for treatment. The impact of this attack has been
estimated with a £20 million cost at the time of the outbreak and an additional £72
million for data and system reinstatement.

Apart from service disruption, ransomware attacks, worldwide are now more
frequently related with data theft and extortion, coupled with the potential of data
leaks, which could lead to significant distress and harm to patients, service users,
staff, and threat to third party suppliers [17]. In addition, according to McKeon [18],
the findings from the research conducted by the US Cybersecurity and Infrastructure
Agency (CISA), indicated thatUS hospitals impacted by a ransomware attackwere in
a higher risk of experiencing more detrimental health consequences, with increased
mortality being a significant concern. Furthermore, the Department of Health and
Social Care [17] states that there are also some other cyber threats, less prevalent,
which endangers the security and privacy of patient data, which encompass state
actors attempting to acquire sensitive information, or individuals in or around the
healthcare sector, seeking to abuse their privilege access.

According to Kruse et al. [19] health care systems are the perfect prey for stealing
themedical data. This vulnerability arises due to several factors, including the arising
digitalization of health records, the significant value of medical information on the
black market, potential shortcomings in cybersecurity measures implemented by the
healthcare organizations. Furthermore, Herrman et al. [20] argues that healthcare
system security objectives are to guarantee the patient records secretiveness and
classified and providing an obtainable (the healthcare system ought to be accessible
to deliver healthcare services in a prompt and effective manner and usable by autho-
rised individuals, like healthcare professionals, without compromising the system’s
security integrity) and ethical system (healthcare system’s structure, implementation
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and functioning align with ethical standards and principles), by fulfilling this objec-
tives patient records security is guaranteed, sensitive information is safeguarded, and
can maintain the trust and privacy of individuals receiving healthcare services.

According to the Data Protection Regulation (GDPR) in European Union, and
UK data protection act (2018) data privacy and protection are the essential rights
of an individual. Some of the data protection principles include lawful processing,
fair treatment, transparent communication to the individuals how their data will be
used, consent and explicit consent for processing sensitive health information, data
minimisation and accuracy, implementation of securitymeasures to protect the confi-
dentiality and integrity of patient records, respecting the individuals’ rights to access,
request correction, deletion, when dealing with personal data. The intend behind this
regulatory framework is to strengthen individuals’ control over their personal data,
while also ensuring that organisations handle it responsibly and transparently. Non-
fulfilment of this obligations may lead to significant financial penalties and other
consequences for the organizations. The integration of Self Sovereign Identity and
digital Identity solutions in healthcare especially in cross-border scenario should be
executed in accordance with these regulations to guarantee the ongoing protection
of individuals’ privacy, security, and rights.

When engaged in cross-border transfer of healthcare data, it is paramount to
adhere to the GDPR regulations on international transfers. Implementing adequate
safeguards such as standard contractual clauses or other mechanisms, is vital to
guarantee the integrity of the data. According to the SSI principles, individual will
have full control over their e-identity with no need for a central authority, this will
align with the data minimisation principle and control over personal data. Even
though organisations implement SSI they still must adhere to the data protection
laws. Likewise, the implementation of E-Identity solutions in healthcare for cross-
border scenarios should comply with privacy and security standards, guaranteeing
a secure and trustworthy method of authentication and authorization. It is essential
to empower patients with control over their identity information and obtain explicit
consent for its use [21].

2.4 SSI-Blockchain Challenges

The concept of interoperability within the healthcare realm revolves around the effi-
cient sharing of patient information among different systems, platforms, and entities.
The integration of SSI-Blockchain E-Identity frameworks introduce several chal-
lenges due to the absence of standardized protocols and data formats. Researches
conducted by Laatikainen et al. [22] highlights the critical need for uniform
approaches to data exchange to guarantee seamless integration across diverse
systems. Moreover, the divergent data privacy laws and regulations across juris-
dictions makes even more complicated the effort to reach interoperability [23].
Addressing these challenges requires cooperative efforts within participants to
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develop compatible solutions that comply with regulatory requirements while
enabling seamless cross-border data exchange.

In healthcare it is also crucial to ensure compliance with healthcare regula-
tions to uphold patient data privacy and security. Integrating SSI-Blockchain E-
Identity frameworks into the management of patient records across international
borders requires compliance with existing regulatory frameworks such as GDPR in
Europe and HIPAA in the US. A study conducted by Tang et al. [24] highlights
the complexities associated with traversing regulatory terrain in diverse jurisdictions
and underscores the importance of complying with legal mandates in endeavours
related to cross-border data exchange initiatives. Furthermore, guaranteeing compli-
ance with regulations encompasses deploying strong mechanisms for ensuring the
confidentiality of patient data and safeguarding their information [25].

Scalability plays a crucial role in the integration of SSI-BlockchainDigital Identity
frameworks, particularly in relation to overseeing healthcare records across global
boundaries. Nakamoto in its 2008 study underscored theBlockchain technology scal-
ability challenges such as transaction capacity and speed of processing. To mitigate
scalability issues [26] proposed solutions such as layer-two protocols, partitioning
and auxiliary chains. Nonetheless, balancing scalability while also upholding decen-
tralization and security poses a considerable challenge in the realm of blockchain
implementations.

The successful integration of SSI Blockchain Digital Identity frameworks in
healthcare leans significantly on social approval, and factors such as trust, usability
and user experience are crucial to determine its acceptance in healthcare. Educating
patients and conducting awareness campaigns are two imperative strategies to clarify
misconceptions and cultivate confidence in Self Sovereign Identity and Blockchain
technology according toBenchayaGans et al. [27]. Furthermore, according toZwitter
et al. [28], incorporating stakeholders in the design and development stages enhances
social acceptance and promote active involvement of users in initiatives targeting
cross-border healthcare data management.

Securing the credential issuance and verification procedures within the SSI-
Blockchain framework is critical for managing cross-border health patient records,
ensuring privacy, integrity and authenticity of patient information, and various
academic researchers have delved into the security challenges, weaknesses and have
proposed solutions within this realm. Credential issuance involves issuers creating
and dispersing verifiable credentials to individuals or entities. Aydar et al. [29] under-
lines the critically of secure credential issuance procedures in preventing identity
fraud and validating the legitimacy of credentials. Despite this, weaknesses like
compromised issuer keys or deceptive issuance methods pose substantial security
risk to credentials. Meanwhile credential verification involves authenticating the
legitimacy and reliability of credentials by relying parties like healthcare providers
and authorities, operating across diverse geographical regions. According to Li [30]
establishing robust and efficient verification systems is paramount to deter unautho-
rized access and address identity-related risks. Nevertheless, conventional verifica-
tion approaches may be vulnerable to interception (man-in-the-middle attacks) or
credential manipulation, posing security threat to the verification process.
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Multiple weaknesses exist in the credential issuance and verification processes
within SSI-Blockchain framework for handling healthcare records across interna-
tional borders, vulnerabilities such as: inadequate practices in key handling like
employing weak key generation or storage techniques which may lead in unau-
thorized access or misuse of issuer or verifier keys [31], credential forgery where
malicious entities might try to forge issued credentials or change credential proper-
ties to acquire unauthorized permissions or access privileges [32], identity spoofing
where fictious or deceptive identities are fabricated to illegitimately obtain creden-
tials or deceive relying entities during verification resulting in identity theft or
fraudulent behaviours [33]. Moreover to address vulnerabilities and strengthen the
security of credential issuance and verification practices within SSI-Blockchain E-
Identity framework for managing patient health records in cross border scenario
Adlam and Haskings [34] proposes to employ robust methods for generating, storing
and securing keys to prevent unauthorized access or abuse of issuer and verifier
keys,. Additionally, Bittins et al. [35] suggests leveraging Blockchain technology to
securely store credentials in an immutable manner guaranteeing the integrity and
monitoring of issued credentials during the entire period of their existence. More-
over, Maesa et al. [36] recommends employing zero-knowledge proof protocols to
facilitate secure and privacy-preserving credential verification, to protect sensitive
information or credentials from being disclosed to third-party verifiers.

2.5 Advantages and Disadvantages

The implementation of a consolidated identity framework into the SSI-Blockchain
has the potential to significantly revolutionize cross-border healthcare accessibility
and aims to simplify the identity verification procedures, enhance data interoper-
ability, and elevate the delivery of patient-focused care, by granting individuals
the authority to manage their health data and make treatment decisions indepen-
dently. Several studies have examined the implications of such integration, revealing
a spectrum of opportunities and challenges in improving cross-border healthcare
accessibility. According to Charles et al. [37], SSI enable patients to decide which
medical data to share with healthcare providers, thereby strengthening privacy and
autonomy. Furthermore, Blockchain-based identity solutions promote safe and trans-
parent communication between patients and providers, fostering confidence and
cooperation in international healthcare environments [38].

While there are potential advantages, integrating a uniform identity framework
within SSI-Blockchain for managing cross-border healthcare patient record poses
challenges, and numerous vulnerabilities could threaten the integrity and reliability
of patient records encompassing identity theft and fraud, data breaches and regulatory
compliance.According toNakamoto [31], adversarial actorsmay exploit weaknesses
in identity verification mechanisms to masquerade as patients or illicitly acquire
access to confidential medical data. Meanwhile Kormiltsyn et al. [38] states that the
lack of security in storing and transmitting health data within the blockchain network
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might lead to patient information being vulnerable to illegitimate entry or alteration.
Furthermore, Lim [39] argues that addressing the demands of healthcare regulations
and data protection laws in diverse jurisdictions presents obstacles to maintaining the
confidentiality and security of international healthcare data sharing. To mitigate this
weakness and fortify the security of cross-border patient datamanagementwithin SS-
Blockchain framework Badirova et al. [40], proposed to deploy strong authentication
systems like biometric or token-driven authenticationwith the aim to enhance identity
verification procedures and mitigate unauthorized entry. Meanwhile Salonikias et al.
[41] suggested to employ cutting-edge encryption methodologies to secure patient
data while it is stored and transmitted thereby maintaining the privacy and reliability
of data across its entire lifespan.

3 Research Design

By utilizing secondary data and employing a qualitative research methodology, this
study conducts a thorough examination of the challenges and impacts of integrating
SSI Blockchain Digital Identity framework for managing patient records across
borders in healthcare. The research will start with a descriptive examination of gath-
ered secondary data to offer an outline of existing knowledge and practices in cross-
border healthcare patient data record management. After that, thematic analysis will
be applied to uncover recurrent themes, patterns, and insights within the gathered
secondary data to identify major issues, challenges and prospects concerning the
adaptation of SSI-Blockchain Digital Identity framework in cross-border healthcare
[42].

An evaluative examination will be performed to contrast and compare various
strategies, frameworks and models proposed in existing literature review to address
the intricacies of cross-border healthcare patient record management. Finaly through
consolidation of secondary data the REsearch strives to enrich the understanding
of cross-border healthcare patient record management, providing evidence-based
insights into the challenges, opportunities of deploying the SSI-Blockchain Digital
Identity framework.

The gathering of secondary data will involve a comprehensive review of existing
literature and document related to SSI-Blockchain Digital Identity, across borders
healthcare, patient recordmanagement and associated topics. This reviewwill include
a wide array of sources, including academic journals, conference proceedings,
government reports, policy documents, industry publication and white papers.

A methodical examination of the literature will be conducted to compile rele-
vant secondary sources from academic databases, journals, conference proceed-
ings, government reports, industry publications, and other scholarly depositories.
The search strategy will be tailored to inclusively retrieve literature pertinent to SSI,
blockchain technology, cross-border healthcare, patient recordmanagement and data
security. Systematic screening of retrieved documents will ascertain their relevance
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to research objectives, applying criteria to eliminate irrelevant or duplicate sources,
ensuring inclusion of high-quality, pertinent secondary data [43].

The process of data extraction will encompass systematically retrieving relevant
information, findings, and insights from chosen secondary sources. Extracted data
will be arranged and merged to aid thematic and comparative analysis, enabling
critical evaluation of the findings. To uphold credibility and reliability, quality assur-
ance protocols will verify the methodological rigor, credibility, and relevance of all
collected secondary data and through validation check accuracy and consistency will
be confirmed to minimize bias or misinterpretation [35].

The data analysis within this research entails a comprehensive investigation of
secondary data sourced from literature, reports, case studies, and pertinent refer-
ences to uncover insights into the obstacles and consequences of deploying SSI-
Blockchain Digital Identity framework in governing patient records across borders
within healthcare.

The initial step in data analysis will include an extensive literature review of
encompassing existing research studies, scholarly articles, industry analyses, and
policy documents pertaining to SSI, blockchain technology, cross-border healthcare,
patient record management, and data security. Secondary data sources will be metic-
ulously examined and evaluated to delineate pertinent themes, patterns and insights
that align with the research objectives.

Utilizing thematic analysis, recurrent themes, patterns, and insights will be
extracted from the accumulated secondary data. By employing a structured approach
to coding and classification, themes concerning interoperability, regulatory compli-
ance, scalability, societal acceptance, security considerations, and the influence of
integrated identity frameworks on cross border healthcare will be pinpointed and
amalgamated. On the other hand, a comparative analysis will be undertaken to
assess and contrast various methodologies, frameworks, and models discussed in
the literature regarding the complexities of cross-border healthcare patient record
management. Through an exploration of the advantages and disadvantages, and suit-
ability of different solutions documented in secondary data sources, a deeper under-
standing will be acquired regarding the effectiveness and viability of implementing
SSI- Blockchain Digital Identity Framework [42].

The conclusions drawn from the data analysis will be subject to critical evaluation
to determine their importance, credibility and practical implications for policy and
practice. The strengths and weaknesses of current methodologies will be pinpointed
and d efficiencies in the literature will be emphasized. With a critical viewpoint
the research seeks to offer nuanced perspectives on the challenges related to cross-
border healthcare data management and the prospective utility of SSI-Blockchain
Digital Identity framework. Lastly, the findings obtained through data analysis will
be merged and interpreted to derive profound conclusion and implications for theory,
application, and forthcoming endeavours.

An in-depth examination will be undertaken to assess the security elements of
credential issuance andverificationmechanismswithin theSSI-Blockchain structure.
Possible risks will be pointed out and proposal for strengthening security will be put
forward, informed by the outcomes gathered from the literature review.
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Initially, a structured examination of prevailing literature, case studies and reports,
will be conducted to recognize prevalent security vulnerabilities and threats related
with the validation and issuance of credentialswithin the SSI-Blockchain framework.
Secondary data sources such as, comprising academic journals, industry publications
and regulatory guidelines will be thoroughly reviewed to unveil understanding into
recognizing weaknesses and avenues for exploitation.

Following this, an in-depth review of security mechanisms and procedures
embedded in within the SSI-Blockchain framework will be performed. Secondary
data analysis will enable an evaluation of the efficacy of cryptographic methodolo-
gies, consensus mechanisms, access management systems, and encrypted techniques
utilized for credential validation and issuance. Findings from existing literature will
guide the evaluation of security measures implemented in practical scenarios.

An evaluation of vulnerabilities will be carried out to detect possible weaknesses
and exploitable vulnerabilities in the credential issuance and verification process.
Through secondary data analysis, identifiable vulnerabilities such as those associ-
ated with key management, smart contracts, and privacy breaches, as evidenced in
academic literature and industry publications. Utilizing secondary data will ground
the vulnerability assessment in empirical evidence and influenced by practical
occurrences.

In the light of outcomes from the security evaluation, suggestions for strength-
ening the security within the SSI-Blockchain framework will be recommended. This
proposal could involve implementing additional cryptographic measures, optimising
key-management protocols, strengthening smart contract security, and embracing
privacy—enhancing methods. Secondary data sources will provide the groundwork
for suggesting evidence-based security improvements, rooted in recognized best
practices, and emerging research developments.

The effectiveness and reliability of the suggested security improvements will be
assessed by analysing case studies and practical instances documented in secondary
data sources. Through the review of practical deployments and firsthand experi-
ences, the practicality and impact of suggested security measures will be evaluated.
Secondary data analysis will aid in identifying instances off success, obstacles faced,
and insights gained from the security enhancement in real-world context.

4 Development of the Framework

Utilizing findings from literature review and security assessment, an SSI-Blockchain
Digital Identity framework will be developed to ensure the seamless and secure
transfer of patient records across diverse healthcare environments and international
borders. Key considerations within this framework will encompass interoperability,
regulatory compliance, scalability, security, and social acceptance. The key steps
involved in the development process of the frameworkwill include reviewing existing
frameworks and models, identifying key components and requirements, integrating
the outcomes, and synthesising the framework design, evaluating the validity and
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effectiveness of the framework through the examination of case studies and use
cases and perform iterative refinement and optimization.

The first step involves undertaking a thorough examination of existing frame-
works, models, and implementations pertaining to SSI, blockchain technology
and the handling of healthcare data across international borders. This examina-
tion seeks to extract valuable insights into the fundamental principles, function-
alities and successes or setbacks of prior frameworks. Secondary data sources
including academic literature, conference papers, and industry analyses will provide
the groundwork for this examination.

Based on the findings of the literature review, crucial elements, and prerequi-
sites for the SSI-Blockchain Digital Identity framework will be delineated. These
constituents could encompass protocols for managing identities, standards for data
interoperability, mechanisms for ensuring regulatory adherence, security measures,
approaches to scalability, and considerations for enhancing users’ experience.
Through the analysis of secondary data, the recognition of essential components
required for efficient management of patient records in cross-border healthcare will
be facilitated.

In the next stage, the discoveries from the literature review will be combined
and unified to shape the frameworks’ structure. Combining diverse secondary data
sourceswill aid in the creation of an integrated and thorough framework designed that
tackles the intricate aspects of managing healthcare data across borders. Through the
utilization of secondary data, the framework design will be underpinned by empirical
evidence and influenced by practical applications and experiences.

The credibility and efficacy of the framework design will be assessed by exam-
ining case studies and real-world examples documented in secondary data sources.
Case studies illustrating successful implementations or obstacles faced in practical
scenarios will offer significant perspectives into the relevance and viability of the
proposed framework. Through the examination of the secondary data, recurring
patterns, evolving trends, and insights extracted from existing case studies will be
discerned, thereby strengthening the resilience of the framework design.

By undergoing iterative cycles of analysis and enhancement the framework design
will be optimized to mitigate any identified deficiencies or limitations. Continuous
improvement efforts poweredby secondary data analysiswill enable adaptations to be
made in response to emerging trends, evolving regulatory standards, and stakeholder
input. This iterative approach guarantees the framework’s ability to remain flexible
and agile in addressing the ever-changing terrain of across international borders
healthcare patient record management.

4.1 Proposed Framework

Within this framework, data consumers can safely operate without disclosing any
information regarding their identity or equipment. This enables them to execute intri-
cate search queries across federated healthcare data repositories and communicate
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securely through robust authentication and authorization mechanisms. As a result,
the system can disclose only the necessary data for each transaction or interaction.
To meet these demands, the proposed SSI-Blockchain framework complies with the
GDPR regulation to deliver users a transparent, private, data protection, fostering
trust and confidence, and HL7 FHIR regulations to ensure, portability, interoper-
ability between different healthcare systems and seamless exchange patient health
record across-borders. GDPR regulations applies only to personal data, and the four
type of data’s that will be handling in the proposed framework are: DIDs, creden-
tials, revocation of credentials and hashes. On the proposed framework credentials
are kept within the blockchain, instead they are kept with an agent, a cloud provider
or managed directly by data subject [44].

Compliance with GDPR standards is essential for entities operating within the
EU and EEA regions, as it mandates stringent measures to protect personal data,
particularly healthcare-related information [45]. Within the proposed framework,
GDPR conformity entails ensuring that patient data managed within the network
meets these regulatory mandates, obtaining explicit consent from patients for data
collection, implementing robust encryption and security protocols to deter unautho-
rized access, and enabling patients to exercise their rights to access, rectify, or erase
their data in accordance with GDPR stipulations.

HL7 FHIR stands as a widely adopted protocol for electronic healthcare data
exchange, providing a uniform framework for encoding and transmitting medical
information across various platforms. Integrating the proposed framework with
HL7 FHIR standards enables smooth compatibility between healthcare systems
and proposed framework, simplifying the secure cross-border transmission of
patient records and clinical data, ensuring interoperability among diverse healthcare
providers regardless of their technological variations [35].

To safeguard patient’s privacy, it is imperative to empower them to manage their
digital identities and personal data within a decentralized environment that is under
their control, and this will address common challenges including insufficient privacy
protection due to the reliance on trust in identity providers, adoption of decentral-
ized data storage to encourage patients to retain ownership and management of their
data, allowing patient to exercise complete authority over their digital credentials and
attributes (empowerment through control and consent) [32]. Employing blockchain
technology enable stakeholders to demonstrate their identity within a scalable, trans-
parent, and accountable ecosystem, fostering privacy protection. Within this frame-
work, credentials and certifications are effectively managed in a secure and usable
authentication scheme that complies with globally recognized standards such as
GDPR and adheres to specific regulatory and legislative requirements. Furthermore,
with SSI scheme patient will have sole ownership and control of their data, storing
and access their data utilising personal devices, eliminating intermediaries, seam-
lessly integrating into claims or blocks via blockchain for decentralized identifier
management [46].

In the SSI-Blockchain Digital Identity framework, patient’s, health providers,
and other entities’ (in the realm of healthcare) digital identities are established using
the Decentralized Identifier standard called DID to enable the confidential issuance,
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control,management and sharing ofVerifiableCredentials (VCs) linkedwith an iden-
tity, utilizing the Zero Knowledge Proofs (ZKPs) security protocol as cryptographic
method to create anonymous credentials, with the aim to preserve the anonymity of
the patient’s identity [47]. Patients within this framework have the option to create
multiple identities to uphold contextual separation for privacy purposes, with each
identity possessing its own set of private and public keys.

Patients will possess the authority to designate the attributes they wish to link
with their identity, validating information about themselves to any entity (doctors)
through a secure peer-to-peer communication, utilizing data that can be automatically
verified by the recipient (doctor) as authentic using cryptographic methods. This will
guarantee that the ownership of the identity will rest entirely with the patient (owner)
and all personal and confidential identity-related information will be stored by the
patient in their digital wallet, either on the edge or in the cloud. The management of
the identity can be undertaken either by the patient (user) or by a designated guardian
service. The process of key distribution, verification and recovery operations will be
conducted in accordance with the Decentralized Key Management System (DKMS)
standard, representing a cryptographic key management methodology where no
central authority is involved [12].

The proposed framework architecture aims to facilitate secure and interop-
erable cross-border patient health record management, guaranteeing the privacy,
integrity, and accessibility of health records globally. The framework architecture
can be divided in 4 layers: ledger layer, agent layer, credential exchange layer and
governance layer.

• Ledger Layer

Positioned atop a blockchain, this tier utilizes Hyperledger Indy as its under-
lying distributed ledger, specially crafted to manage diverse identity-related transac-
tions, offering public access without intermediaries. This layer is a composition of
multiple sublayers (configuration, server node (maintains a ledger copy containing
essential information for credential validation), domain and payment ledger (acces-
sible for the public)). The ledger costs are minimized since transaction validation
is managed only by trusted entities through proof-of authority consensus, thereby
ensuring cost-effective access to uphold the mission of achieving Identity for all.
The ledger retains essential components (documented on the ledger to prevent any
single point of failure in the structure) such as credential definitions, DIDs for issuers,
schema definition, and revocation registries [48]. These components are created by
the transaction authors (patients) and incorporated into the ledger by the transac-
tion validators [utilizing modified Redundant Byzantine Fault Tolerance algorithm
(RBFT)]. The partnership between the validator node and the observer node ensures
the secure and decentralized governance of patient health records across-borders,
safeguarding data integrity, accessibility, and resilience in cross-border healthcare
operations. The validator node validates the transactions submitted to the frame-
work ledger, confirm, and maintain the accuracy, reliability, and security of patient
health data. Meanwhile observer node monitors the ledger, replicate its content, ang
guarantees continuous accessibility of patient health data within the framework [49].
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• Agent Layer

Includes the software components responsible for interactingwith ledger onbehalf
of the users (patients) and organizations (healthcare providers), by managing the
DIDs, issuing and verifying verifiable credentials, and ensuring secure exchange
betweenparties via protocols such asDIDComm[50]. Each identity owner has at least
two agents (one in their device and one in the cloud). Healthcare providers leverage
the framework Agents to validate patient identities, obtain consent for accessing
medical records, and exchange health information securely with other providers
worldwide.

• Credential Exchange Layer

Responsible for overseeing the issuance, maintenance, and validation of creden-
tials, involving the issuer, holder, and verifier, dictating how issuers issue credentials
to holders, how verifiers solicit information from holders, and how holders present
credible evidence from their credentials to the verifier. The credentialing process
involves issuers (healthcare providers, hospitals, clinics, laboratories) defining
credentials using a credential definition, which connects the issuer’s public DID, the
credential schema, and a revocation registry, which then are stored on a distributed
ledger for decentralized discovery within the framework network. Within a digital
wallet, operating as an application on a smartphone, tablet, desktop or comparable
devices, patients store their credentials, which contain pertinent details about them-
selves. The verifier (doctor, insurers, pharmacists, regulatory authorities) ensures
the legitimacy of the holder’s (patient) credential by cross-referencing the issuer’s
public key retrieved from the ledger to authenticate the issuer’s digital signature on
the credential. Through Zero Knowledge Proofs (ZKPs) cryptographic mechanism,
credential holders can reveal information from various credentials while revealing
minimal details about their identity [51].

• Application and Governance Layer

The application layer comprises healthcare applications (offering interfaces for
patients to interact with and manage their health records, enable healthcare providers
to request and share patient data, and assist regulatory authorities in monitoring
compliance with data protection regulations) and services that are developed using
the proposed framework architecture as their underlying framework. The proposed
framework decentralized structure guarantees that no single central authority
or service provider holds complete control. Governance is conducted through
the Proposed Governance Framework, overseen by a community of trustworthy
members.
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4.2 Proposed Framework Workflow

In cross-border patient health record management, the proposed framework facili-
tates the interactions between identity holders, credential issuers, and verifiers, with
the aid of agents (commonly mobile applications which handle and process creden-
tials within the frameworkNetwork, enabling secure identity transactions and peer-to
peer communications). To process identity-related request, the edge agent retrieves
confidential information and keys from the edge wallet. The proof of the identity
holder’s credential is discreetly sent to a validator, while solely public identifiers of
the issuer are stored on the ledger. Although non-persistent, the edge agent commu-
nicates with the cloud agent, which retains service endpoint information to manage
other agents. Furthermore, accessing its own cloud wallet, the cloud agent acquires
confidential information and keys crucial for processing identity-related requests,
by offering a straightforward store and forward service to facilitate communica-
tion between the edge and other agents. Secure communication between two cloud
agents enables the issuance and verification of distributed identity without reliance
on the distributed ledger. The framework Network is constructed from server nodes
positioned globally and managed from validators, with each node maintaining a
ledger copy, containing publicly available data crucial for validating credentials
issued within the network. Validators then record transactions on the appropriate
ledger, guaranteeing integrity of the ledger information by employing cryptographic
techniques and RBFT consensus algorithm [52].

The proposed framework aims to enable secure and interoperable cross-border
patient health record management by utilizing decentralized identities, verifi-
able credentials, zero knowledge proof cryptographic scheme, decentralized key
management, blockchain technology and a governance mechanism.

Every patient, healthcare provider, and healthcare institution receive a distinct
Decentralized Identifier (DIDs)within the frameworknetwork, ensuring cross-border
compatibility in identification, enabling entities to securely establish and preserve
their digital identities.

Healthcare providers generate digitally signed verifiable credentials (VCs)
containing patient health details including diagnoses, treatment plans, medical histo-
ries, and patients can securely share these credentials with healthcare providers
globally, facilitating continuity of care.

With Zero Knowledge Proofs (ZKPs) patients can demonstrate specific health
attributes to healthcare providers without disclosing surplus details, maintaining
confidentiality, ensuring privacy in cross-border interactions.

The Decentralized KeyManagement System (DKMS) oversees the secure admin-
istration of cryptographic keys for accessing and sharing patient health records across
borders. Only patients have control over their private keys, allowing them to autho-
rize trusted healthcare providers in various regions to access their health information
while ensuring data security [12].

Serving as the backbone infrastructure, theHyperledger Indyblockchain functions
as the platform for documenting cross-border health record transactions, ensuring
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an unchangeable and verifiable record-keeping system, monitoring the issuance,
exchange, and authentication of patient health records across international borders.

Trusted healthcare organizations and institutions fulfil the role of Validator,
managing nodes within the proposed framework network, ensuring the resilience
and accessibility of the infrastructure for cross-border health record management,
and by cross-jurisdictional collaboration the validators maintain the integrity and
confidentiality of patient health information.

The proposed governance framework establishes the principles and guidelines
governing the management of international health records by establishing proto-
cols for issuing, sharing and validating patient health records guaranteeing align-
ment with regulatory directives across geographical areas. The framework may
adopt Health Level Seven International (HL7) standards (such as Fast Healthcare
Interoperability Resources) for seamless exchanging clinical and administrative
data between global healthcare systems, the DIDComm (Decentralized Identifiers
Communication) protocol for exchanging messages between decentralized iden-
tifiers (DIDs) and verifiable credentials (VCs) to guarantee secure, verified, and
protected communication channels [13].

4.3 Use Case and Validation

The practical application of Self-Sovereign Identity is exemplifiedwhen a patient (the
end-user) needs to present identifying documents to confirm eligibility for healthcare
services during a doctor’s appointment. The patient has been diagnosed with a lungs
disease, 2 years ago in its home country (country A), due to its study relocation in
country B he requires healthcare services in his new location, and wishes to provide
his new health providerwith access to hismedical records to obtain optimal care but it
does not wishes that the new healthcare providers show potential prejudices about its
previous smoke addiction, being afraid that this prejudice may impact the new doctor
decision on the continual of its treatment. On the proposed framework architecture,
the patient is enabledwith the selective choice attributewhere the patient decides how
much information he desires to share with the healthcare provider. Subsequently, the
doctor places trust in the patient and proceeds to issue a recognized certification from
a health insurance provider. The SSI-Blockchain framework attestation mechanism
presented in figure no. above illustrates the following process:

Initially, the patient seeks attestation for their insurance coverage from the health
insurance company. The health insurance company will act as an attestation issuer.
Thus, the patient transmits a digitally signed attestation request to the health insurance
company.

The health insurance attester validates the digitally signed attestation from the
patient. To ensure the validity of these attestations, the attester signs them on the
public blockchain, allowing others to access and utilize the information.

Within the attestation received, is the signature of the attester, sent for the patient’s
use.
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The patient seeks access tomedical services and other related care from the doctor.
Access to medical services can only be granted by the doctor following the vali-

dation of claims, such as policy plan and personal information. Hence, the doctor
may ask the patient to present credentials.

Once the patient’s credentials are approved, the doctorwill verify their authenticity
by cross-referencing the credentials against the records in the public ledger.

The validation of the credentials will determine whether the healthcare provider
decides to grant or deny access to the services [53].

The encryption (cryptographic) methods for the proposed framework utilizes to
safeguard the digital identity, credentials and transactions, methods such as: digital
signatures, hashing algorithms, Zero-knowledge proofs. The aim is to safeguard the
patient sensitive data and maintain it privacy, integrity and authenticity within the
network. By employing such encryption techniques solely authorized parties can
access-and verify identity-related operations on the proposed framework ledger.

5 Conclusion and Future Work

This research presented an evaluation of the proposed SSI-Blockchain framework for
managing cross-border patient health records, for sovereign and decentralized digital
identity where the patients were empowered to have control over their personal data,
and data exchange among various cross-border healthcare entities was facilitated
through the proposed architecture. A comprehensive evaluation of was carried out
on different aspects (structure, operationalmechanisms, capabilities, advantages, and
disadvantages) of the proposed framework. Reviewing a patient’s medical records
is essential for caregivers to make informed decisions during treatment. Effective
patient data management is therefore essential. Yet, obstacles like geographical
barriers and privacy concerns frequently impede the seamless exchange of indi-
vidual health records across borders. The integration of self-sovereign identity (SSI)
with blockchain technology offered a secure solution for data exchange. Through
SSI methodology, patients and middleware could generate identifiers and signatures,
facilitating secure data exchange using blockchain technology.

The examination of the SSI-Blockchain Digital Identity framework’ effective-
ness for managing cross-border Healthcare patient records illuminated its poten-
tial to address significant issues in healthcare data handling. Extensive literature
review underscored its importance in overcoming barriers like interoperability, regu-
latory compliance, scalability, and societal acceptance, highlighting the urgency for
innovative strategies in healthcare data governance.

Analysis of security aspects within the proposed framework identified potential
vulnerabilities in credential issuance and verification procedures. Recommending
security enhancements such as reinforced encryption and authentication mechanism
fortified data protection, safeguarded the confidentiality of patient records. Evalua-
tion of the impact of the unified identity framework on cross-borderHealthcare acces-
sibility underscored its potential to streamline identitymanagement and promote data
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interoperability. The framework aimed to enhance healthcare delivery efficiency and
improve patient outcomes, by enabling smooth exchange of patient records among
different healthcare systems and borders.

The proposal of this SSI-Blockchain Digital Identity framework, incorporating
GDPR andHL7FHIR standards, aimed to represents a notable advancement in cross-
border healthcare data governance. Its objective was to provide the infrastructure
for a compliant and privacy-focused solution, to facilitate the secure exchange of
patient records while emphasizing patient-driven consent protocols. Meeting GDPR
requirements guaranteed patient data security within the proposed SSI-Blockchain
Digital Identity framework,while aligningwithHL7FHIR standards enabled smooth
integration with healthcare systems, optimizing cross-border health data transfer.

Findings from the evaluation suggest that the proposed SSI-Blockchain Digital
Identity framework holds premise as an emerging identity solution to deliver
sovereign and decentralized identity features to users, backed by a governance
framework and regulatory compliance.

The evaluation of the proposed SSI-Blockchain Identity framework’s effective-
ness in managing cross-border Healthcare Patient Records, integrated with GDPR
and HL7 FHIR standards, has unveiled important findings, paving the way for future
research and advancements with the aim to advance its efficacy and widespread
use. In the future the security and privacy of the SSI-Blockchain framework may
be augmented through the exploration of research modern cryptographic techniques
and upgraded security protocols, shielding patient information from emerging cyber
threats and weaknesses. Future research could also focus on:

• Examining the potential benefits of integrating emerging technologies such as
artificial intelligence (AI) and Internet of Things (IoT) into the SSI-Blockchain
framework, to advance data analytics, interoperability, and continuousmonitoring
of patient health records.

• The implementation of educational courses and training sessions with the
designing aim of educating the healthcare practitioners and information tech-
nology staff to enhance their comprehension and skills in utilizing the SSI-
Blockchain framework, by promoting a culture within the healthcare force that
prioritizes digital health literacy and ethical data governance practices.

• Carrying out further exploration efforts to address the interoperability challenges
to propose innovative solutionswhichmay ensure smooth data interchange among
diverse healthcare systems and global borders, investigating the establishment of
standardized data schemes and communications protocols.

• Conducting user-oriented studies and surveys to identify the adoption barriers
among the healthcare community, including healthcare practitioners, patients,
and stakeholders, and exploring new tactics to improve user interaction and
satisfaction.
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A Critical Analysis of the Impact of Mis-
and Disinformation Through the Media
on Society

Cariane Williams and Reza Montasari

Abstract With the rapid advancement of technology, it is essential to understand the
psychological, ethical, and technical challenges associated with the dissemination of
mis- and disinformation. These include the increased use of artificial intelligence (AI)
to spread information more rapidly, the deployment of disinformation campaigns to
sway public opinion, and the influence of misinformation on making poor health
choices. The aim of this chapter is to critically analyse the impact that the spread of
mid- and disinformation has on society. Furthermore, the chapter offers recommen-
dations to mitigate these challenges, including strategies to build resistance against
misinformation.

Keywords Misinformation · Disinformation · Cyberspace · Cybercrime · Social
media

1 Introduction

Mis- anddisinformation, hereafter collectively referred to as false information, except
where a distinction is necessary, can have a significant impact on society. In the
twenty-first century, the media plays an increasingly larger role in our daily lives,
and exposure to false information is on the rise. This can alter society’s perception of
reality, impactmental health, and even lead to fatal outcomes. According to Clark [5],
cyberspace is “the collection of computing devices connected by networks in which
electronic information is stored and utilised, and communication takes place” (p. 3).
Many individuals use cyberspace to share information, play games, and connect with
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others regardless of geographical location [29]. While cyberspace offers numerous
benefits, it also harbours various criminal activities [29]. Crime in cyberspace referred
to as cybercrime [13] comprises awide range of illicit activities such as cyberbullying,
cyberterrorism, the creation of criminal communities, and the trafficking of weapons
and drugs.

Cybercrimes can occur on three levels of cyberspace: the surface web, the deep
web, and the dark web [15]. The surface web accounts for only 4% of the internet
and includes searchable content such as that found on Google [16]. The deep web
comprises anything not indexed or searchable, such as online banking or anything
requiring login credentials. The dark web, characterised by its use of the TOR
network, provides total anonymity, making it an ideal place for criminal activity.
The focus of this chapter is on the dissemination of mis- and disinformation through
media. This dissemination is defined as the collection, degradation, modification,
and distribution of false information aimed at altering the recipient’s perception of
a topic. Disinformation is intentionally deceptive, while misinformation might be
inadvertent [14]. This distinction highlights that spreading disinformation involves
deliberately sharing ‘fake news’ whereas misinformation can occur without mali-
cious intent. Henceforth, the terms misinformation and disinformation will collec-
tively be referred to as false information, except where it is necessary to distinguish
between the two within this chapter. The media plays a crucial role in facilitating
the rapid generation and spread of such information, a process significantly easier
than in previous generations [8]. This media includes various platforms, including
television, news outlets, magazines, and social media.

Social media, in particular, has transformed how societies receive information,
allowing for rapid dissemination [2]. Many adults now source their news from social
media platforms (SMPs) [28]. However, there is growing concern regarding the
role of social media in propagating false information [9]. Notably, false informa-
tion is not solely propagated by individuals, automated bots–software applications
masquerading as real users–can also significantly contribute to this issue by posting
and interacting online [40]. Theoretical frameworks provided by scholars such as
Gerbner [12] and Laswell [25] offer valuable insights into the influence of media
on public opinion. Thus, this chapter will examine their work to explore how media
shapes perceptions and societal beliefs.Additionally, itwill identify specific instances
of false information that has been disseminated and believed within media channels,
along with the consequent impacts of these false narratives.

The remainder of the chapter is structured as follows: Sect. 2 discusses the psycho-
logical, ethical and technical challenges. Section 3 offers a set of recommendations.
Finally, the chapter concludes in Sect. 4.
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2 Challenges

2.1 Psychological Challenges

Research conducted by Rocha et al. [39] reveals that individuals tend to place consid-
erable trust in online content, regardless of its legitimacy. This phenomenon has
led various theorists to investigate cognitive explanations for such behaviour. The
Hypodermic Needle Theory, formulated by Laswell in 1927, offers one explana-
tion. This linear communication model suggests that media messages are directly
“injected” into the passive audience’s brain, exerting immediate and direct influ-
ence [43]. According to this theory, individuals uncritically accept media content as
truth. In contrast, Katz and Lazarsfeld [23] proposed a more sophisticated model, the
two-step flow of communication. They argued that mass media influences society
indirectly through opinion leaders, who first absorb the information and then dissem-
inate it to their followers. This mediated process suggests that information gains
credibility only after being filtered through these influential individuals. Gerbner
[12] introduced another pivotal theory: Cultivation Theory. Initially focused on tele-
vision consumption, this theory has since been expanded to cover all media [34].
It posits that prolonged exposure to media content cultivates a distorted perception
of reality, aligning more closely with media portrayals than with the actual world.
While this distortion can be harmless, it becomes dangerous when the media spreads
false information.

The COVID-19 pandemic starkly illustrated the harmful effects of misinforma-
tion. A study by Ahmad et al. [1] found that social media became the primary
information source for many people during the pandemic. Unfortunately, much of
this information was false, masquerading as credible advice on COVID-19 preven-
tion and remedies, leading to what is termed misinformation overload. The novelty
of the virus created ‘information gaps’ that scientists and healthcare professionals
could not immediately fill, allowing unverified information to proliferate [31]. In
Italy alone, approximately 46,000 Twitter posts per day contained misinformation
about COVID-19 [33]. This deluge of false information had significant psychological
impacts, creating distrust towards health professionals [32]. Misinformation about
vaccinations was particularly harmful, leading to decisions that jeopardised public
health [18].

The COVID-19 pandemic saw the proliferation of numerous rumours and myths,
including the baseless claims that the virus originated from 5G technology and that
mosquito bites could transmit it [33]. Various purported cures also circulated, such as
drinking chloroquine or cow urine. Tragically, a rumour that pure alcohol could cure
COVID-19 led to the deaths of hundreds of Iranians who poisoned themselves after
reading this misinformation on social media [49]. In response to the overwhelming
spread of false information, the World Health Organization [51] declared an info-
demic, recognising the serious risks misinformation posed to public health. Rocha
et al. [39] documented several psychological effects resulting fromCOVID-19misin-
formation, including confusion, anxiety, depression, and anger. Additionally, some
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individuals reported experiencing fatigue and insomnia. The pervasive spread of false
news often induces panic among the public [45].

The concept of moral panic, developed by Cohen [6], provides a framework
for understanding these reactions. Moral panic occurs when a segment of society
becomes fearful of a perceived threat,which is typically exaggerated by themedia and
spreads rapidly. A historical example of this phenomenon is the HIV/AIDS epidemic
in the late 1980s and early 1990s. Misinformation about AIDS led to widespread fear
that the disease could be transmitted through casual contact, causing people to avoid
those with HIV due to the exaggerated fear of contagion. News organisations, driven
by financial incentives, prioritise “newsworthy” stories to boost their revenue. To
meet criteria outlined by Jewkes’ news values, stories are often sensationalised, with
false information added or misleading headlines used to attract attention and increase
sales. This practice can significantly contribute to the development and perpetuation
of moral panics. The impact of media-driven moral panics highlights the need for
responsible journalism and critical media consumption. As the COVID-19 pandemic
and past health crises illustrate,misinformation can have dire consequences for public
health and societal well-being. Furthermore, these findings highlight the complex
relationship between media consumption and public perception. While media has
the power to shape societal views, the prevalence of misinformation highlights the
urgent need for enhancedmedia literacy and critical evaluation of information sources
to protect public well-being.

2.2 Ethical Challenges

Thedisseminationofmisinformation through themedia poses significant health risks.
During the COVID-19 pandemic, misleading information about vaccines, similar to
themisinformation that surrounded themeasles,mumps, and rubella (MMR)vaccine,
led to widespread vaccine hesitancy. Research by Skafle et al. [41] demonstrated
that false information about vaccines undermines public confidence in vaccination
programs. A notable example is the erroneous claim linking the MMR vaccine to
autism, a myth that media amplification significantly contributed to, deterring many
from vaccinating their children. This misinformation can result in severe health risks,
as failure to vaccinate increases the likelihood of contracting measles, mumps, and
rubella, which can lead to serious complications such as brain damage, pneumonia,
meningitis, and birth defects. During the COVID-19 pandemic, social media became
a primary platform for discussing vaccines, which facilitated the spread of misinfor-
mation. This false medical advice had deadly consequences. One notable incident
involved then-President Donald Trump suggesting research into whether injecting
bleach could kill the coronavirus. This widely ridiculed statement not only posed a
serious health risk but also severely damaged public trust in his leadership, potentially
affecting his credibility as president.

False information also has broader ethical implications, including the impact on
individual and group reputations. For instance, false information can serve as tools
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for cyberbullying [27]. Cyberbullies use fabricated information to harm or distress
their victims. SMPs such as Twitter, with features such as retweet and like buttons,
enable rapid dissemination of false information, amplifying its impact on victims.
Anonymity on social media allows users to harass others without facing repercus-
sions [21]. Therefore, this anonymity provides individuals with the confidence to say
harmful things without accountability. The creation of fake accounts to impersonate
victims and spread false information further exacerbates the problem. Research by
Solis [42] found that cyberbullying can lead to tragic outcomes, including teenage
suicides. Thus, social media companies must enhance their efforts to address cyber-
bullying, as research by John et al. [20] indicates that adolescents who are victims of
cyberbullying are 2.57 times more likely to attempt suicide. The suicide of a young
person has profound ripple effects throughout society.

The ethical issues extend to children using social media. O’Keeffe and Clarke-
Pearson [36] identified numerous dangers associated with children’s social media
use. Despite these risks, platforms such as Facebook and Instagram only require
users to be 13 years old to create an account. Huddleston [19] reported that a doctor
advised CNBC that the minimum age for social media access should be at least 16.
However, SMPs struggle with age verification. A survey by Canales [4] revealed
that 45% of children under 13 admitted to having a Facebook account by lying
about their age. Children under 13 are still in a vulnerable developmental phase and
are particularly susceptible to indecent content, peer pressure, and grooming, often
without understanding the dangers.

Another significant example of false information affecting personal reputations
is information warfare. Information warfare involves the dissemination of infor-
mation, or more commonly misinformation, to gain a competitive advantage. This
tactic is frequently employed during elections and wars to influence public opinion
and sway societal allegiances. During election cycles, disinformation campaigns
are often strategically deployed to damage a candidate’s reputation and hinder their
electoral prospects. For instance, in 2016, Moscow allegedly orchestrated a disinfor-
mation campaign by creating fake accounts to connect with Americans and spread
false information, intentionally interfering with election votes [11]. This campaign
significantly impacted public trust in the election candidates, Trump and Clinton [7].
These actions not only raise ethical issues but also legal and jurisdictional challenges,
affecting political and law enforcement agencies.

Ethically, spreading false information about an individual violates their privacy
and can severely damage their reputation. Disseminating false information without
the victim’s consent exposes them to undue risk. Advances in AI, particularly
deepfake technology, exacerbate this problem by creating highly realistic yet false
representations of individuals. A notable example involves Martin Lewis, a well-
known financial advisor, whose likeness was used in a phishing scam. The deep-
fake technology convincingly portrayed Lewis conveying fraudulent messages. As a
trusted figure, the realistic nature of the technology easily misled people. Lewis [26]
condemned these actions, stating, “These people are trying to pervert and destroy my
reputation in order to steal money off vulnerable people, and frankly it is disgraceful.
People are going to lose money, and people’s mental health is going to be affected.”
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Due to his public profile, Lewis was able to raise awareness about the dangers of
such technology, encouraging vigilance and fact-checking among the public. Raising
awareness about false information has a positive effect, fostering a critical thinking
mindset and increased vigilance among media consumers. This approach aligns with
Inoculation Theory [30], which posits that making individuals aware of the tech-
niques used to spread false information, such as deepfake technology, can build
resistance against persuasion, reducing their likelihood of falling victim to such
tactics. However, Kitsch et al. [24] argue that there is insufficient evidence to support
the efficacy of inoculation in building such resistance.

These findings highlight the critical need for media literacy, responsible jour-
nalism, and robust regulatory measures to protect public health and societal well-
being from the harmful effects of false information. Furthermore, the ethical, legal,
and societal implications of false information accentuate the urgent need for robust
media literacy programs and technological safeguards. Thus, as information warfare
continues to evolve, it is crucial to develop strategies to protect individuals and society
from the damaging effects of false information.

2.3 Technical Challenges

The surge in false information has catalysed the development of advanced AI tech-
nology designed to identify and alert social media users when they encounter
false information. This technological advancement has exposed gaps in SMPs,
prompting them to adopt more sophisticated false information detection systems.
X (formerly Twitter) has implemented warnings on tweets containing misleading
content. According to X’s help centre [52], they “work to mitigate detected threats
and also empower customers with credible context on important issues.” X verifies
tweets against credible sources, and if a tweet is found to contain false information, a
label is added to inform readers and provide corrective information. Similarly, TikTok
has adopted technology to combat false information. These advancements signify
a positive shift in how society engages with social media, potentially reducing the
spread of false information over time. However, the challenge remains in balancing
false information control and freedom of speech. X removes posts deemed necessary,
but drawing this line is difficult for AI [17].

Despite these efforts, critics argue that AI and fact-checking initiatives are not
foolproof. In this regard, Tandoc [46] points out that even with warnings, there is no
assurance that users will heed them and change their pre-existing views. Similarly,
Brookover [3] criticises platforms such as Facebook for their reluctance to invest
sufficiently in fact-checking technology. The rapid spread of false information often
outpaces the efforts of fact-checkers, making it difficult to address false information
before it reaches a broad audience. Another technical issue lies in social media
algorithms. Algorithms prioritise content on a user’s feed based on their interactions
[35]. For instance, TikTok will display more content similar to what the user has
previously engaged with. If a user interacts with misinformation, the algorithm may
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inundate them with similar content, leading to a misinformation overload. Gerbner’s
[12] Cultivation Theory suggests that increased exposure to misinformation can
significantly influence a person’s perception of reality. Facebook has faced criticism
for how its newsfeed algorithmamplifies the spread ofmisinformation [38].However,
Swart [44] argues that algorithms can also have a positive impact by recommending
relevant and factual news content.

The ongoing battle against misinformation highlights the critical need for robust
AI technology and the ethical responsibility of SMPs to ensure the integrity of infor-
mation. Balancing effective misinformation detection with the preservation of free
speech remains a complex challenge that requires continuous refinement of both
technology and policies.

3 Recommendations

Children as young as 11 years old are admitting to using social media, which poses
significant ethical risks.O’Keeffe andClarke-Pearson [36] emphasise these concerns,
highlighting the vulnerability of children in digital spaces. One approach to miti-
gate this risk is to strengthen age verification measures during the sign-up process.
Platforms such as Facebook and Instagram have already started using AI to detect
underage users, though they acknowledge that this technology is not yet perfect [10].
To enhance security, it is recommended that Facebook implement ID verification or
develop AI capable of facial recognition to verify a user’s age. Requiring a valid ID
during sign-up would reduce the number of underage users falsifying their age. This
ID verification could also prevent the creation of fake accounts, addressing issues
such as anonymous cyberbullying and impersonation. Consequently, this could lower
fatalities due to cyberbullying. In 2021, a petition titled “Make verified ID a require-
ment for opening a social media account” received 696,955 signatures, highlighting
the public’s concern about this issue [50].

Another potential solution is to develop a SMP specifically for children, where
disinformation, indecent content, and cyberbullying are strictly prohibited. A plat-
form dedicated to users under 18 would have a smaller user base, making it easier
to manage and remove harmful content. There are benefits to children using social
media [47], so creating a safe platform would allow them to access credible news,
connect with friends, develop a better understanding of the world, and even improve
their mental health. Providing a secure platform might also reduce the incentive for
children to fake their age to accessmainstreamSMPs.Researchers such asPourghomi
et al. [37], Thierer [48], and Kasim [22] have supported similar recommendations.

Bydeveloping safe, age-appropriate socialmedia environments and implementing
robust age verificationmeasures, we can better protect children from themyriad risks
they face online while allowing them to reap the benefits of digital connectivity.

Furthermore, to address both ethical and technical challenges associatedwith false
information, increasing public awareness is crucial. As highlighted previously, false
information spreads through various channels such as tweets, news outlets, deepfake
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technology, and phishing emails. Despite efforts by social media companies to tackle
these issues, their measures are often insufficient [3]. Brookover [3] points out that
platforms such as Facebook have not allocated adequate funding towards combating
false information.MoreSMPs and tech companies, includingGoogle, should emulate
X’s initiatives by investing in AI-driven false information detection technologies.
These technologies can inform readers when they encounter misleading information
and provide credible sources to counter it. Encouraging users to report suspicious
posts or websites is also essential. Furthermore, these companies should collaborate
closely with law enforcement agencies. When false information is spread with the
intent to harm an individual’s reputation or pose a risk to public safety, it should
be treated with greater seriousness, and perpetrators should be held accountable.
Increased consequences could act as a deterrent against spreading false information.

McGuire’s [30] Inoculation Theory offers a valuable framework for building
resilience against false information. The theory suggests that exposing individuals
to misinformation, followed by correcting it, can enhance their ability to critically
analyse future information. This approach can positively impact their trust in the
media, enabling them to distinguish between credible and non-credible sources. One
practical recommendation for implementing this strategy in the UK is for the govern-
ment to create a TV advertisement featuring a respected public figure spreading
misinformation. Viewers would be encouraged to scan a QR code on the screen,
which would direct them to a webpage revealing that the advertisement was a harm-
less scam created using AI technology. This page would educate them on how to
protect themselves from real scams, such as the one involving Martin Lewis. By
adopting these measures, we can create a more informed and discerning public,
better equipped to navigate the complexities of false information in the digital age.

4 Discussion and Conclusion

This chapter critically examined the societal impact of false information by
addressing key objectives and reviewing relevant literature. The analysis revealed
several significant challenges, notably the adverse impact of false information on
society. A particularly alarming finding is that young people who fall victim to
cybercrime are 2.7 times more likely to attempt suicide compared to those who are
not. This highlights the urgent need for improved security measures on SMPs to
mitigate cyberbullying. This statistic led to recommendations such as raising the
minimum age for social media sign-up to 16 and implementing ID verification to
prevent the creation of fake accounts.

The reviewof literature also highlighted influential theories such as those proposed
by Gerbner [12] and Laswell [25]. These theories provide insights into why individ-
uals often believe media content and how false information can significantly alter
perceptions of reality. Understanding these theories emphasised the serious conse-
quences of false information, particularly in relation to health decisions such as
vaccinations. Supporting research from Hotez [18] and Trew [49] demonstrated that



A Critical Analysis of the Impact of Mis- and Disinformation Through … 119

health misinformation has led to numerous deaths, reinforcing the need for technolo-
gies that can flag or remove misinformation before it spreads widely. However, the
review also revealed a critical gap in the existing research. Many authors struggled to
substantiate their findings due to a lack of concrete evidence. This highlights the need
for further research into inoculation theory and the effectiveness of AI technologies
in combating false information on SMPs.

In conclusion, the severity of the impact of false information highlights the need
for media companies to enhance their technology for detecting false information and
providing readers with credible sources more swiftly. This chapter has outlined the
significant effects of false information on society and proposed tailored recommenda-
tions based on both its own research and existing literature. These recommendations
should be considered and tested in future research to determine their effectiveness
in reducing the societal impact of false information.
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An Investigation of Artificial Intelligence
(AI) and Cybersecurity: Case of AI
Integration in German Cybersecurity
Strategy

Rubina Ajaz Siddique and Hamid Jahankhani

Abstract The escalating dependence on virtual infrastructure necessitates the
implementation of resilient cybersecurity protocols to protect towards forever-
developing cyber threats. While synthetic intelligence (AI) has a vast ability to
enhance cybersecurity skills, its integration also entails full-size dangers and prob-
lems. By using a thematic evaluation of educational literature published from 2020
to 2024, this study examines the complex correlation that exists between cyberse-
curity and artificial intelligence (AI) in Germany. The study recognized vital issues
concerning the implementation of AI in German cybersecurity. Possible advantages
of AI consist of chance detection, multiplied reaction times, and the capacity to
investigate huge portions of information to identify protection vulnerabilities. The
“black container” nature of positive AI decision-making systems, and the opportu-
nity for employment displacement within the cybersecurity industry are among the
dangers stated in the research concerningAI. The criticality of striking an equilibrium
between protection concerns and personal privacy worries is emphasized. Addition-
ally, the importance of Explainable AI (XAI) methodologies is emphasized, as they
can foster confidence in AI systems and growth transparency in cybersecurity risk
assessment decision-making.

Keywords Cybersecurity · AI · Explainable AI (XAI) · Threat detection · Risk ·
Germany · Synthetic intelligence technologies

1 Introduction

Exploring the relationship between AI and cybersecurity, this study focuses on the
use of AI for threat detection and Germany’s security concerns associated with it.
To develop sophisticated complex threats in general, organizations are using AI
to enhance their cybersecurity strategies. Evidence of artificial intelligence (AI)
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consists of tools including automatic response, popular patterns, and anomaly detec-
tion, which can further embellish a company’s ability to detect threats and respond
accordingly. However, there are drawbacks to applying AI to cybersecurity. These
include things like addressing capacity risks associated with AI-powered systems,
reducing algorithmic bias, and ensuring that the scope of privacy and accountability
used in AI development is sufficient to reduce such risks.

The purpose of this research is to investigate the relationship between artificial
intelligence (AI) and cybersecurity, Germany’s boosting cybersecurity with threat
detection and the assessment of possible security issues related to AI adaptability.

Cybersecurity threats at the organizational level are major challenges to good
data governance and IT infrastructure performance. As stated by Ahmed and Khan
[5], cybersecurity threats, attackers hack confidential critical information to nega-
tively impact organizations on financial and business processes and colleagues.
Ransomware attacks are one of the leading causes of data breaches in the industrial
sector.

Attackers can easily pull weak passwords into a computer system. Nearly 75%
of cybersecurity threats or data breach incidents begin via email. Attackers send
malicious links via email to violate personal privacy. Software viruses can damage
the hardware of IT systems. Using AI to detect threats can help reduce virus threats
[10]. The key challenge organizations face in the early stages of an AI threat is
ensuring privacy and data quality. The effectiveness of the AI based tools depends
on a lot of data to train and improve their algorithms and models. Using AI to train
large amounts of data is challenging because the data must be authentic, accurate
and relevant.

Cybersecurity problems end up being the biggest fear in the business of marketing
professionals when you consider that they are less likely to survive to tell the
company’s story. Problems associated with touching privacy hinder the entire
process. As cited by Ventre [39], malware is the most common and equally sized
cyber-attack that infiltrates victims’ systems and performs illegal actions. A virus
that prevents people from accessing data on their devices is called a ransomware
attack. Ransomware attacks can hack computer systems, steal, delete, or hide touch
statistics modified for storage in the garage.

Cybersecurity systems are intertwined with artificial intelligence (AI). Synthetic
intelligence (AI) is crucial for analyzing risks and solvingother big problems in cyber-
security. To detect anomalies in real-time, artificial intelligence (AI) uses statistical
and historical data to analyze them. In cybersecurity, AI helps to wait for poten-
tial security breaches. AI-powered solutions automate the answer while doing most
things [6]. The most important feature of a cybersecurity tool is its ability to react
quickly to complex problems. AI-driven security systems are critical for integrating
different security solutions that can address data security threats in their own way. As
stated by Johnson [19], also useful for accelerating response times is a comprehensive
understanding of account management and operations as well as AI-powered auto-
mated solutions to help prevent urgent problems through information management
and a clean work ethic.
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The rationale for this study stems from the growing need for strong internal cyber-
security measures in the face of increasing cyber threats. With enterprises increas-
ingly relying on strategies to push records and virtual infrastructure, vulnerabilities
to attacks that focus on sensitive records and disrupt operations have become increas-
ingly apparent but now there isn’t always an external barrier forms when applying
AI to cybersecurity. This research, which with the help of groups investigates the
relationship between synthetic intelligence (AI) and cybersecurity AI, is critical to
addressing algorithmic biases, reducing risks associated with AI-powered structures,
and ensuring statistical AI models are maintaining confidentiality and integrity [23].
It provides valuable insights into the use of capabilities to improve their cybersecu-
rity posture. Furthermore, it identifies the necessary conditions and ideal conditions
that facilitate the integration of AI into cybersecurity.

2 Literature Review

Notable advances in cybersecurity have changed the way companies identify and
respond to cyber threats. Artificial intelligence (AI) has evolved over the last few
decades from simple static systems rules to complex neural networks and systems AI
in cybersecurity. As cited by Bonfanti [9], the ability of these systems to detect new
and unfamiliar threats changed in a limited way because of the rules and signatures
they had come to trust so much. An important aspect of artificial intelligence (AI)
development in cybersecurity is the creation of machine learning (ML) techniques.
Organizations are now able to look at big data and identify trends and anomalies that
could point to a cyber-attack thanks to a system of identifying techniques such as
random forest selection and tree selection [17]. These systems are likely to become
more adept at identifying new threats by gaining knowledge beyond information
and changing their behaviour in response to new insights. The acquisition of deep
knowledge and the emergence of neural networks turned out to be another huge
step in the development of AI in cybersecurity, organisations now are able to make
deep knowledge algorithms way more robust and superior AI fashions, which can
be aroused by the thoughts and actions of the individual. As stated by Michael
et al. [22], more information may be used to train neurons to previously unheard-of
accuracies in responsibilities such as anomaly detection, natural language processing,
and image recognition. The use of artificial intelligence (AI) in cybersecurity services
and solutions is now emerging as a notable development. Today, many cybersecurity
providers offer AI-powered responses that can instantly neutralize threats. These
responses include the ability to experiment with gameplay, analyze local realities,
and identify potential threats that turn into full-blown attacks.

Similar advances inAI algorithms and technologies are likely to become a defining
feature of AI in cybersecurity. AI-driven responses are expected to be enhanced in
sophistication, enabling companies to stay ahead of today’s cyber threats. Further-
more, it is highly likely that AI will continue to be embedded in cybersecurity prod-
ucts and industry, and ultimately has played a central role in corporate cybersecurity
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policies [40]. The need to address the increasing complexity and team of cyber
threats has led to the advancement of AI in cybersecurity. Artificial intelligence (AI)
is changing how teams detect and respond to cyber-attacks something, from simple
rule-based systems entirely to sophisticated machine learning algorithms -Neural
networks as it relates to AI. Technological advances and growing awareness of the
role of AI in preventing cyber threats have led to the rise of AI in cybersecurity.
As cited by Vegesna [38], completely rule-based systems were often used in the
early days of AI in cybersecurity to identify acceptable threats based primarily on
pre-defined criteria. Despite the relative effectiveness of those systems, more sophis-
ticated AI techniques have emerged due to limited capacity to discover new and
unknown risks.

The application of system learning (ML) algorithms in AI in cybersecurity has
become one of the most important areas. With the help of ML algorithms, big data
can be analyzed to identify trends and anomalies that may indicate a cyber-attack.
As a result, organizations are doing a better job than ever of identifying risks and
responding appropriately [11]. Furthermore, the scalability of system learning algo-
rithms and the ability to learn from new realities is another proof against changing
cyber threats. The use of deep learning techniques is a major step forward in the
development of AI in cybersecurity. Neural networks are used in deep learning,
a division of systems learning that mimics the learning process of the human brain
[18]. Developing an in-depth knowledge of algorithms and analyzing complex data to
identify small patterns are useful tools in cybersecurity that can be accurate sources
of cyber-attacks. Which is particularly suitable for tasks such as image and voice
naming.

Other AI techniques such as reinforcement learning and natural language
processing (NLP) are also used in cybersecurity along with gadget learning (ML)
and deep knowledge although reinforcement learning techniques can be trained to
train AIs to let them make real-time choices based entirely on input from their envi-
ronment. Statistical analysis of textual data can stumble upon potential risks. As
stated by Taddeo et al. [32], in addition, trends in AI techniques and applications
in cybersecurity may determine the future of AI in cybersecurity. AI is becoming
increasingly important for businesses to help identify, manage and mitigate cyber
risks as it evolves and becomes newly complex. Organizations can also strengthen
their cybersecurity posture and adopt those new measures to improve their defence
against new cyber threats.

2.1 Role of AI in Threat Detection

AI enables companies to analyze large amounts of data and identify trends and
anomalies that may indicate a cyber-attack, AI is increasingly important for detecting
coincidences. The response AI provides to an enterprise can quickly identify
and respond to cyber threats, using several techniques including natural language
processing, deep mastering, and Machine learning (ML). Key aspects of AI in threat
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detection and their implications have been explored for cybersecurity in this category
[15] as follow:

• Anomaly Detection: The technology pushed by AI is capable of identifying
unusual patterns in human behaviour, device activity, and website visitors that
could be factored in cyber-attacks. AI is capable of understanding pre-statistical
trends, looking for changes in normal conduct, and flagging them as potential
threats [41].Organizations can address problems before they becomemore serious
because of this proactive approach to risk detection. AI can identify a variety of
cyber-attack techniques, including trendy hacker tactics, techniques and proce-
dures (TTP). AI can deal unfortunate cyber-attacks and helps companies prepare
for them by beyond reality testing and detecting repetitive trends [16]. The ability
to recognize patterns can be very useful in detecting sophisticated cyber-attacks
and other highly persistent threats (APTs).

• Real-time analytics: AI-enabled responses for businesses enable choices to cope
with problems driven by ongoing systematic record keeping, tracking individual
actions and local navigation [29]. Being able to monitor in real-time is essential
to detecting and stopping cyber-attacks before they cause serious harm.

• Administrative Response: Products can react to cyber threats, allowing companies
to respond to attacks with unpredictability and success. AI-pushed responses can
shut down broken devices, block malicious IPs with robots, and modify security
measures to prevent future block attacks. This automated cyber response is crucial
to reducing the consequences of attacks andmakingwork lighter for cybersecurity
professionals [42].

• Threat Intelligence: AI can identify new and growing cyber threats with the help
of reading multiple threat intelligence statistics, including malware signatures
and characteristics of agreement (IOCs). Organizations can proactively protect
themselves again away from growing attacks and stay one step ahead of cyber
attackers using this threat data [36]. Predictive analytics is a tool that artificial
intelligence (AI) can further use to assess future cyber threats throughmethods and
past data. AI can calculate predictive cyber-attacks and help companies prepare by
helping to detect attacks from the past and look for recurring issues, proactively
threats. As cited by Andraško et al. [8], the ability to discover and mitigate is
possible through predictive analytics.

• Scalability: AI-pushed solutions are scalable to manage and exchange large
amounts of data to meet evolving cybersecurity needs. Organizations that have
to deal with rising cyber threats and changing attack techniques want to scale
[33]. Artificial intelligence (AI) plays a key role in threat detection because it
empowers companies to instantly pick and confront cyber threats, analyzemultiple
records, identify anomalies and patterns. Moreover, organisations deploy an AI-
driven response to mitigate the multitude of cyber threats that can improve the
cybersecurity environment.

Modern cybersecurity strategies increasingly incorporate artificial intelligence
(AI) to counter and mitigate cyber threats. Artificial intelligence enables companies
to analyze accounts on the spot, thereby identifying anomalies and potential risks
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more quickly, Paredes et al. [24] emphasize that the ability of synthetic intelligence
(AI) to identify patterns and trends in information that can act as contributing factors
in cyber-attacks is an important issue of threat detection. In addition to mitigating
the effects of cyber-attacks that can mean it spontaneous potential opportunities that
provide, organizations may be able to respond to threats in new unexpected and
effective ways through set-off motions.

Furthermore, AI is critical for automating threat detection techniques, enabling
security experts to take note in developing efficient routes. Anomalizing the interest
of network design can detect near real-time through AI-driven responses, security
expert reports risk detection will be automated by allowing companies to respond
with greater speed response to threats. The probability of record breaches and attacks
decreases [12]. AI can also improve threat detection by providing security personnel
with relevant information and insights. Responding using artificial intelligence (AI)
capabilities in addition to providing a complete picture in addition to potential threats
by comparing data from different sources, helps security personnel respond to inci-
dents more effectively and prioritized AI can further help identify and lay out device
and network vulnerabilities that can be exploited. As narrated by Kyrkou et al. [20],
artificial intelligence plays an important role in coincidence detection in modern
cybersecurity strategies. Organizations can also improve their overall cybersecurity
posture by using AI-powered tools and techniques to enhance their ability to detect,
respond to andmitigate cyber-attacks, artificial intelligence (AI) is once again impor-
tant in helping businesses as cyber-attacks remain one step ahead because cyber
threats change.

2.2 Benefits of Using AI in Cybersecurity

Artificial intelligence (AI) improves the enterprise’s ability to select and respond to
cyber threats and provides a cybersecurity benefit. As cited by Vegesna [38], the key
benefits of using AI for cybersecurity.

• Threat Optimization: AI-powered technology can scan large databases and iden-
tify signs and anomalies that could indicate a cyber-attack. Traditional cyberse-
curity responses can be overlooked by artificial intelligence (AI). With the help
of system learning systems, is able to identify risks. This enables companies to
react effectively to cyber-attacks.

• Real-time response: AI mitigates the impact of attacks by enabling companies to
respond more quickly to cyber threats. Responding to AI enables cybersecurity
professionals to respond with greater speed and efficiency, thereby reducing their
burden and allowing them to find compromised devices if malicious IP addresses,
compromised devices, and security guidelines are regularly updated to reduce
inadvertent detection of false penalties using Artificial intelligence. It will also
be facilitated by the use of intelligence (AI), which accurately analyzes data
and identifies relevant threats. Organizations can now use cybersecurity of more
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appropriate services because less effort is put into preventing strong attacks and
fewer false positives are obtained [28].

• Intelligent security analytics: AI-controlled response has the function of analyzing
critical security issues and providing insightful critiques of capability threats.
Using AI to conduct security analyzes and identify growth opportunities can
provide businesseswith awhole new understanding of their cybersecurity posture.

• Proactive threat detection: Artificial intelligence (AI) empowers companies to
proactively assess risks by identifying strengths andweaknesses and going beyond
simple scripts. Organizations can reduce the threat of cyber-attacks by proactively
searching for, identifying andmitigating threats before they becomemore serious.

As stated by Abrahams et al. [1], automated Incident Response using Synthetic
Intelligence (AI) helps organizations react to cyber threats unpredictably and
correctly by automating incident response procedures. They can reduce the effort
and time to mitigate attacks by using AI-powered technologies to prevent malicious
interests, isolate affected devices, and change security protocols.

AI-powered solutions are scalable enough to analyze precise information and
workloads to meet evolving cybersecurity needs. Organizations that have to face
evolving cyber threats and changing attackmethodswant to be strategic to be adopted
for scale. Ultimately, AI improves an organization’s ability to identify and mitigate
cyber threats by providing some of the benefits of cybersecurity [4]. Organizations
can also strengthen their cybersecurity posture, reduce false positives, and proactively
detect threats with AI-powered solutions, if you ultimately want to provide themwith
universal cybersecurity effectiveness is greater.

AI in cybersecurity has many great benefits that change how teams identify,
manage and mitigate cyber threats. AI’s ability to analyze multiple records in unpre-
dictable and accurate ways is one of its major advantages. Network traffic, logs, user
behaviour, andother record resources can also all be processed and analyzedusingAI-
powered technology to identify patterns and anomalies that could be factors leading to
cyber-attacks with consequences to enable companies to identify risks more quickly
and efficiently [13]. AI’s ability to automate repetitive techniques and operations
is another advantage of cybersecurity packages. Security personnel can once again
focus on more strategic responsibilities thanks to AI-powered responses that can
often leverage networks and systems for unusual actions. Automation reduces the
risk of data breaches and cyber-attacks by improving the efficiency of risk detection
and enabling companies to respond faster to threats.

AI has the potential to improve the effectiveness of incident management. Solu-
tions leveraging artificial intelligence (AI) capabilities can also analyze data from
multiple assets to provide security teams with a complete picture of an incident,
helping them identify the first source of information and encourage necessary repairs.
Additionally, by identifying and ranking vulnerabilities in devices, AI can further
help companies bolster their default cybersecurity posture, organizations canfix those
vulnerabilities proactively by implementing using possible answers provided by AI
to examine records for loopholes [6]. The use of AI in cybersecurity offers several
common benefits. Organisations can additionally enhance their overall cybersecurity
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posture with the help of AI-enabled tools to improve their ability to detect, respond
to, and mitigate cyber-attacks by artificial intelligence (AI) turns out to be a new
imperative in supporting services.

2.3 Security Risks Associated with AI Adoption

• Privacy and Data Integrity

Artificial intelligence (AI) is a key issue in ensuring that themost important additions
to cybersecurity privacy and account integrity are protected. AI-driven solutions can
also help companies with some approaches to information integrity and touch-data
security.

First, AI can streamline record-keeping procedures, ensuring data privacy and
security. Artificial intelligence (AI) algorithms can study reality patterns to iden-
tify any weaknesses in encryption protocols and recommend new and more robust
encryption techniques. Artificial intelligence (AI) helps teams protect unique records
from breaches and unwanted access by improving encryption. Second, AI can also
be empowered to adjust protocols to access data, ensuring that only authorized users
have access to personal information.As stated byNamiot et al. [23],AI-powered tech-
nology captures irregularities and potential security breaches by studying customer
behaviour patterns. Artificial intelligence helps companies prevent data breaches
and keep reality confidential by helping them detect illegal attempts to access them
immediately. Third, data anonymization the process of identifying individual data
from a set of facts can be facilitated through AI. As stated by Manavalan [21], to
avoid missing facts and prevent interactions with specific people AI algorithms can
capture and extract poignant facts from statistics. Organizations can also preserve
personal privacy and still have access to fact-checking and insights through their
anonymous records. AI can also help teams better detect and mitigate data breaches.
All network traffic, user hobbies, and device history should be further analyzed by
an AI-powered system for any security flaws.

However, despite these advantages, there are privacy and statistical integrity
concerns with AI. The possibility of AI bias, where specific individuals or compa-
nies may be accidentally discriminated against even with the implementation of
AI systems, is one of the major obstacles. Artificial intelligence (AI) algorithms
teach about historical events, and if training information is biased they give biased
effects. Organizations need to teach some AI algorithms on objective information
and mechanically check for bias to address this issue [14]. The possibility of toxic
events, in which malicious people use fake statistics to manipulate AI systems, is
another problem. Statistical poisoning attacks have the potential to compromise the
integrity of AI systems and generate false results. Organizations should have robust
validation and verification processes in the field to ensure the integrity of their data
sets to mitigate this risk [9]. AI has the potential to improve data integrity and privacy
in cybersecurity. AI helps organizations maintain accounting integrity by improving
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data retention, gaining control by improving recordkeeping, storing unique informa-
tion by anonymizing facts, thinking and preventing facts from breaching limits. The
organization must further identify risks.

• Algorithmic Bias

The term “algorithmic bias” describes systematic errors that are often repeated in
decision-making processes divided by faulty algorithms. This bias has the potential to
produce unfair or discriminatory results, especially in sensitive areas such as fairness
and business. Algorithmic bias can further manifest itself in bureaucracies in AI in
cyber security, making it very difficult for companies to identify and manage cyber
risks [17]. An important issue with algorithmic bias in cybersecurity is that it will
produce skewed results in threat detection. AI-powered technology uses algorithms
to analyze facts and identify trends that could lead to cyber-attacks. Finally, false
positive results can occur due to these algorithms classifying a move or action if it is
dangerously biased. False positives can undermine cybersecurity efforts by wasting
critical resources and distract interest from real threats.

The potential for skewed incident response is no new problem resulting from algo-
rithmic biases in cybersecurity. AI-powered solutions can automate response steps,
such as isolating faulty devices or blocking malicious IP addresses. However, these
feedback mechanisms may unfairly or discriminately target certain companies or
genders if they are primarily based on biased policies [22]. For example, an algorithm
that favours one nearby geographic area over another may further block legitimate
traffic from that area, disrupting the provider. Cybersecurity algorithmic bias requires
multiple responses. Companies need to ensure that biases are kept to a minimum
when designing and schooling their algorithms. This includes making algorithmic
selection and design methodology transparent, automatically assessing algorithms
for bias, and using multiple pattern datasets. As stated by Vishwanath [40], organi-
zations also need on-field processes to address bias when it lies at a distance, such
as modifying algorithms or adding safeguards to reduce biased results. Algorithmic
bias presents serious barriers to creating AI-driven cybersecurity. Organizations can
improve the efficiency and equity of their cybersecurity efforts by implementing bias
reduction in algorithm design, training, and decision-making processes. This will
ultimately improve their ability to detect and respond to cyber threats in intensity.

• Risks of AI-Powered Systems

While the implementation of AI-driven systems requires a great deal of certifica-
tion against human-sourced threats, AI offers many disadvantages when it comes to
cybersecurity. These vulnerabilities can severely damage an employer’s operations
and fragile cybersecurity records. Ensuring that AI is applied robustly and effectively
in cybersecurity, staying close and mitigating those threats is miles away.

Vulnerability to attacks is among the most pervasive problems facing AI-powered
cybersecurity solutions. Cyber-attacks and counterattacks took cast login credentials
to not lie to AI systems. For example, an attacker could hire an AI to modify a mali-
cious program so that it avoids detection by traditional antivirus software. Adversary



132 R. A. Siddique and H. Jahankhani

attacks can also compromise the ability of AI-enabled systems and argue to expose
false negatives rather than correctly identify the true possibility. Without AI-enabled
cybersecurity technology, the outcome of any scenario results may be unpredictable
[38]. AI systems are complex and often perform irrational behaviours, especially in
dynamic and unpredictable environments. Unexpected security vulnerabilities and
complications can also be the result. For example, an intelligently designed instru-
ment that reports preprogrammed biases may inadvertently perpetuate preexisting
biases or introduce larger existing biases, which could lead to incorrect or biased
results.

In addition, privacy issues can also arise in cybersecurity systems using artificial
intelligence. Documentation is often needed so that AI systems can store informa-
tion more efficiently and effectively. However, this reality can be private or sensi-
tive, and can heighten privacy concerns. Poorly installed artificial intelligence (AI)
systems can violate privacy and security policies by challenging data breaches and
gaining unauthorized access. Due to the cybersecurity risks associated with AI-
powered systems Cappelli [11] suggests that dynamic, multilayered technique is
more powerful. Organizations choose to ensure that if their artificial intelligence
(AI) systems are inherently stable and have strong security measures in place to
prevent malicious attacks and unauthorized access through common security checks
and vulnerabilities, identifying and mitigating force security threats.

Companies using AI-powered products must also prioritize security and privacy.
Account cancellation and anonymitymethods are two securitymeasures to reduce the
possibility of privacy breaches. Similarly, it is important to ensure that people know
the way their data is being used and can sway decisions with the help of AI-driven
choices and planning processes, for which they must be accountable and transparent
[32]. Intelligence (AI) can also have a significant impact on cybersecurity, however,
there are also a fewmoreworrisome issues that need to be examinedmore closely. By
identifying andmitigating capacity threats, in terms of enforcing appropriate security
measures around virtual environments, organizations can use AI to strengthen their
cybersecurity approach and mitigate threats.

3 Current Trends in AI and Cybersecurity

Artificial Intelligence (AI) resource organizations in the detection, prevention and
removal of cyber threats are facilitating the ongoing transformation of the cybersecu-
rity discipline through the use of new applications and technologies [15]. AI-powered
communication intelligence is increasingly being used in cybersecurity, which is not
uncommon in artificial intelligence. To identify new and growing cyber threats, orga-
nizations use synthetic intelligence (AI) to analyze more threat intelligence such as
malware signatures and compromise characteristics (IOCs). The expansion of AI-
pushed maintenance automation is another trend. AI-powered solutions are increas-
ingly being used by organizations to develop security measures including vulnera-
bility management, incident response, and threat detection. AI-pushed automation
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helps speed up response times, reducing manpower mistakes and increasing overall
business performance, all of which help companies strengthen their patronage posi-
tion. Adversarial AI turns out to be another problem but the cybersecurity benefits of
AI’s continued development. The “hostile AI” era describes the use of AI to deceive
or control AI-powered devices [41]. Organizations need to put strong defenses in
place to defend against new threats where, for example, attackers can influence AI-
driven options or use adversarial tactics though avoid detection through antivirus
programs when negative AI develops significantly.

The growing AI focus on defined and open cybersecurity and AI is nothing new.
Organizations are finding it increasingly important to understand how AI systems
make picks as these systems expand in complexity and autonomy. To increase the
consensus and accountability ofAI-pushed security strategies, an explicable response
to AI (XAI) is being developed to help enterprises inform choices that AI systems
have been understood and explained. Additionally, the use of AI in security opera-
tions (SOCs) and knowledge acquisition (ML) machines is becoming more common
[29]. AI-enabled SoCs use gadget mastering (ML) algorithms to analyze security
issues, detect anomalies, and react immediately to threats. Organizations can iden-
tify superiority, respond to threats and adapt to change situations as a result of this
strategy. Ultimately AI is the primary force behind cybersecurity breaches, deliv-
ering hot techniques and advances that enhance the company’s ability to detect,
respond to and neutralize online threats. Organizations’ approach to cybersecurity is
changing, becoming more agile, efficient and successful [42]. These developments
include adversarial AI, security automation, and AI-powered threat intelligence.

AI in cybersecurity is expected to be central to some exciting areas for changing
how organizations defend against cyber-attacks. Improving coincidence detection
and response skills is a key strategy for pushing AI. AI algorithms will advance,
enabling organizations to do as much as they need to do to accurately identify threats
in real-time and take appropriate action. Organizations can effectively prevent partic-
ipants by integrating AI with technological advancements combined with big data
analytics and risk intelligence. Whig [36] argues that the increasing adoption of
artificial intelligence (AI) in cybersecurity solutions represents just another slow-
down. Artificial intelligence (AI) can be used to analyze systems of record and
reasoning techniques in the context of capacity threats can be used to anticipate and
prevent cyber-attacks for independent organizations tight enforcement can effectively
mitigate the impact of cyber-attacks on their operations and mitigate threats.

Furthermore, the importance of AI in the security of IoT devices could also
increase. The proliferation of connected devices increases the vulnerability to cyber-
attacks. AI-pushed responses can be used to protect IoT devices, detect abnormal
activity, and respond quickly to security concerns. This could also be crucial in
protecting the integrity and security of the Internet of Things ecosystem [8]. Virtual
forensics and incident response are two areas where AI could be very useful. With
AI-driven response, enterprises can further refine the ability to analyze all recorded
software programs, enabling them to identify the origin and scope of attacks. Since
there is no program based on content, therefore, case management and selection can
be improved to reduce the impact.
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A promising space besides destiny research is improving cybersecurity through
a hybrid of blockchain and artificial intelligence. Decentralized and immutable
blockchain technology is ideal for security in the garage as well as coping with
touch records. By integrating AI into blockchain development processes, companies
can further protect their data and operations from cyber-attacks and unauthorized
access. Taddeo et al. [33] states, companies that want to incarnate their security want
to benefit from the use of AI in cybersecurity. From continuously improving virtual
forensics to proactive cybersecurity management to advanced threat detection and
response talent, AI could be critical to protecting against cyber-attacks. Organiza-
tions can protect their operations in an increasingly digital environment and stay one
step ahead of cybercriminals by adopting these fateful attributes.

3.1 Future Cast AI

Future Cast AI is a new concept in the artificial intelligence (AI) space. It predicts
destiny activities or trends through system recognition and complex algorithms on
existing data. Companies using this new technique canmonitor consumer reaction, as
the market will change, and potential risks way. As stated by Ahmadi [4], this helps
them survive the opposition and make wise choices. Future Cast AI additionally
improves business operations and program design in ways that go beyond how well
it predicts interest. This technology,which provides uswith useful records andpredic-
tions of the future, has the potential to radically transform a variety of industries,
including advertising and marketing, banking, healthcare, and manufacturing.

3.2 Symbiotic Intelligence and Intelligence Prognosis

Symbiotic intelligence is a revolutionary change in how humans and artificial intel-
ligence (AI) come together in the picture. It reflects running together and doing well
together. According to this perspective, the principal goal of artificial intelligence
(AI) technologies is to complement and modify human intelligence, not to replace it
this collaboration deems appropriate for each sector. As cited by Ahmed and Khan
[5], the ability of artificial intelligence to analyze big data and identify trends is
blended with human cognitive, emotional, and emotional intelligence, resulting in
interactive intelligence. They are superior in complex cases a deal with and work
together to make wise choices. When AI algorithms and fashion are used to predict
intelligence, intelligence or movement is tested and anticipated [6]. This perspective
is particularly useful in fields such as psychology, neuroscience, and school where it
is important to understand and predict how people will behave. Intelligence (AI) by
looking at facts from multiple sources such as psychometrics, genetic data, behav-
ioral patterns, etc. can help experts and researchers figure out how intelligence grows
and changes over the years.
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There are many special cases of symbiotic intelligence and AI-based intelligence
prediction. Symbiotic intelligence can additionally give you greater efficiency, supe-
rior decision making, and innovative thinking using a blend of human and laptop
intelligence capabilities [7]. Symbiotic intelligence wants to help docs diagnose
ailments more accurately and make it less complicated if treatment planning person-
alized will give you when miles are used in health care. In academia, for example,
this may narrow the process to the specific goals and abilities of each scholar.

Prediction of artificial intelligence (AI) based intelligence, fields like cognitive
and neuroscience also need to have the resources to provide us with new information
about how people perceive and behave. For example, AI should help parents predict
the likelihood of developing positive mental illnesses based on factors far beyond
genetics. As cited by Andraško et al. [8], it also wants to help people get care faster
and work toward better outcomes. By assessing how college students will fare on
campus in the future and relying far more on how they perform, and how research is
doing now, AI in school should help educators help more typical university students.
However, there are some risks and challenges in using AI to help with recommen-
dation prediction and mutual intelligence [9]. Typically, concerns are bias, privacy,
the possibility of AI making choices that will harm people or society. There are a
number of these. It is important to take stressful situations in order to harness the
power of those ideas effectively and made sure it would end keep helping people.

4 Critical Discussions

A thematic evaluation of the literature on artificial intelligence (AI) and cybersecurity
in Germany is discussed here. The number one subjects that emerge encompass the
numerous arrays of synthetic intelligence (AI) technologies currently in use, the
benefits, and downsides of enforcing them, and an analysis of their abilities and
constraints. Building a talented team of workers, encouraging collaboration among
people and artificial intelligence, elucidating artificial intelligence (XAI), and placing
a balance between privateness and security are good-sized topics of debate.

4.1 Thematic Analysis Findings

• Theme 1: Types of AI Technologies for Cybersecurity

According to the findings of the evaluation, German cybersecurity practices are
putting a greater emphasis on the development and implementation of numerous
synthetic intelligence technologies [1] such as:

Machine Learning (ML): Anomaly detection is a not unusual software of machine
getting to know (ML) algorithms [3]. Additionally, they serve the motive of scruti-
nising network visitors and flagging extraordinary sports for intrusion detection and
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prevention systems (IDS/IPS) [5]. In addition, system getting-to-know algorithms
are conducted within the analysis of malware, enabling the class and identification
of malicious software programs routinely [6].

Deep Learning (DL): The utilisation of deep studying (DL) algorithms in chance
detection and network visitor evaluation is fine due to their sophisticated capacity
for pattern recognition [2].

Natural Language Processing (NLP): By analysing and comprehending security
logs and reports, AI systems may pick out vulnerabilities and suspicious pastimes
[7]. Through the analysis of full-size portions of textual records, natural language
processing (NLP) can become aware of concealed dangers or styles that advanced
methodologies might overlook.

German cybersecurity experts were endowed with considerable competencies
for chance identification, evaluation, and reaction through the method of these AI
technologies. As the research will demonstrate, their adoption does, nonetheless,
present study limitations and considerations that demand meticulous assessment.

• Theme 2: Benefits and Risks of AI in German Cybersecurity

Although the combination of AI in German cybersecurity holds incredible promise
for diverse advantages, it is vital to thoroughly investigate the related risks as nicely
[8]. An examination of each viewpoint of the controversy is supplied below:

• Benefits

Adulation to the capability of AI structures to analyse tremendous volumes of facts in
real-time presents them an aggressive benefit over traditional strategies in promptly
and exactly figuring out dangers [9]. As a result, response instances are better,
doubtlessly mitigating the unfavourable results of cyber-attacks [10].

Repetitive mission automation is a functionality of synthetic intelligence that
allows the execution of safety operations inclusive of malware scanning and log
analysis. This permits human cybersecurity specialists to allocate their time in the
direction of more strategic endeavours, together with incident response and hazard
hunting [11].

AI’s ability to analyse full-size and intricate datasets permits it to detect potential
dangers and nuanced styles that conventional security measures may additionally
fail to locate [12]. The enhancement of threat analysis abilities possesses the ability
to notably bolster Germany’s cybersecurity stance.

• Risks:

The lack of transparency and responsibility regarding the decision-making
approaches of specific AI systems because of their “black box” characteristics
may hinder comprehension [13]. The absence of transparency poses a project
with complexity by way of which AI structures generate specific classifications or
predictions, thereby augmenting the probability of biases or mistakes.

The performance of AI systems is constrained by the nice of the schooling facts.
Inaccurate danger detection and doubtlessly discriminatory behaviour might also
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turn up if an AI system replicates biases present in its education information [14].
Moreover, it’s far practicable that adversaries ought to compromise entire cyberse-
curity systems through the exploitation of vulnerabilities inherent in AI structures
[15].

The cybersecurity industry may also experience personnel reductions due to the
developing automation propelled by way of AI, especially for workers engaged in
repetitive duties [16]. Therefore, initiative-taking approaches to group of workers
development are crucial which will retrain and reskill cybersecurity professionals in
preparation for the ever-changing AI landscape.

While the potential advantages of AI for German cybersecurity are indisputable,
it’s far vital to understand and alleviate the associated dangers. Germany might also
appoint AI to strengthen its cybersecurity stance through the promotion of human-AI
collaboration and the established order of moral AI improvement practices.

• Theme 3: Challenges and Opportunities in German AI Cybersecurity Adoption

In the area of cybersecurity, the lack of nicely described policies and requirements
should doubtlessly avoid the integration of synthetic intelligence [18].When it comes
to a security concern associated with artificial intelligence, vague prison frameworks
can engender doubt and hinder progress, while the absence of complete standards
gives upward thrust to apprehensions regarding responsibility.

Data privacy worries arise when large volumes of records are acquired and
processed for the motive of AI training, especially about adherence to regulations
which include the General Data Protection Regulation (GDPR) [19]. Achieving
stability between the imperative to safeguard individual privacy rights and the need
for AI-driven cybersecurity poses substantial obstacles for Germany.

Current cybersecurity employees in Germany likely lack the requisite expertise
and abilities referring to the mixing and development of synthetic intelligence [20].
This lack of revel might also hinder the deployment and implementation of AI in
cybersecurity in a green way.

However, by encouraging the transmission of resources and statistics, public-
non-public partnerships can hasten the improvement and deployment of stable AI
solutions for cybersecurity [21]. By capitalising on the information of each sector,
Germany can surpass boundaries and enhance its AI cybersecurity capabilities
through collaboration.

Increasing financial help for AI research and improvement in Germany will facil-
itate the growth of the country’s experts in stable AI for cybersecurity packages [22].
Research and development (R&D) by Germany bolster the technological autonomy
by making sure that admission to modern-day AI solutions customised to its specific
cybersecurity necessities.

Educating companies and the overall public about AI protection, threats and
endorsed practices can foster a cybersecurity way of life and contribute to the
advent of a greater steady virtual surroundings [23]. By growing public cognizance,
Germany can foster a cybersecurity culture and inspire the ethical software of
synthetic intelligence.
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• Theme 4: Ethical Considerations of AI in German Cybersecurity

Critical consideration must be given to the ethical ramifications of implementing AI
in German cybersecurity [24]. Balancing data privacy and security concerns is of
the utmost importance and may necessitate the implementation of data minimization
and anonymisation strategies throughout the AI development process. Moreover,
duty as well as openness are required to be preserved in the AI-pushed decision-
making of cybersecurity systems. Moreover, to eradicate bias along with assurance
of justness within the identification as well as reduction of hazards is crucial to
minimize mathematical predisposition in artificial intelligence styles.

4.2 Balancing Security with Privacy

While AI has a popular substantial pledge to boost cybersecurity in Germany a great
dispute emerges about the importance of security and the security of personal privacy
and civil liberties [28]. Competent AI-driven cybersecurity often requires the buildup
as well as examination of excessive amounts of truths which include however not
restricted to private logs, network website traffic information as well as individual
details. The rigid information defence plans in Germany, alongwith the General Data
Protection Regulation (GDPR), generate trepidation concerning viable violations of
information personal privacy and civil liberties [29].

Achieving an optimal equilibrium between safety and privateness requires the
implementation of a multifaceted method. To start with, the research of anonymiza-
tion strategies during the procedure of data acquisition and processing ought to prob-
ablymitigate apprehensions concerning privateness. Tomaintain the analytical fee of
records for AI education, it is imperative to put in force anonymization, which elim-
inates in my view identifiable records (PII) [32]. To further mitigate privacy worries,
it is endorsed to implement statistics discount strategies that entirely accumulate the
statistics required for AI education.

Furthermore, it’s far imperative to enhance the extent of transparency about the
purchase and utilisation of information. The series of statistics, its utilisation for AI
training in cybersecurity applications, and the folks that are granted entry to it are
all factors of transparency that the public can recognise [36]. Individuals can hold
authorities answerable for permissible statistics control practices and make nicely
knowledgeable decisions regarding their private statistics after they have entry to
statistics that are both obvious and understandable.

4.3 Fostering Human-AI Collaboration

Notwithstanding the sizeable benefits that artificial intelligence (AI) imparts to the
field of cybersecurity, human comprehension continues to be important [38]. While
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AI systems display extremely good talent in information analysis and pattern popu-
larity, they fail to match the intellectual capacities of human beings in the domains
of social intelligence, moral reasoning, and crucial wondering [39]. The poten-
tial of human beings and AI to collaborate will affect German cybersecurity. AI
could augment statistics analysis and mechanise repetitive responsibilities beneath
this hypothetical situation, even as human specialists would rent those insights to
formulate strategic choices.

Particularly for positions requiring ethical issues and duty, human oversight is still
required [40]. Human experts, for instance, can decode the reasoning behind chance
detections generated byAI and determine the simplest direction of movement.More-
over, occupations that call for ingenuity and social engineering knowledge, inclusive
of vulnerability assessment and penetration testing, necessitate the application of
human discretion.

4.4 The Need for Explainable AI (XAI)

The obscuration of selection-making techniques because of the “black box” nature
of AI structures hinders their big implementation in crucial cybersecurity packages
[42]. The lack of ability to offer causes can undermine acceptance as true with an
obligation, specifically when AI systems are used to determine the essential course
of motion concerning viable cyber threats. To resolve this difficulty, Germany’s
cybersecurity approach, which is propelled by way of AI, is based on the design and
deployment of Explainable AI (XAI) technologies.

The goal of a set of methodologies known as “XAI” is to beautify the inter-
pretability and transparency of AI fashions [1]. Human experts can gain exten-
sive insights into the reasoning process in the back of the selections made by AI
systems via an examination of the methodologies employed to attain their conclu-
sions. Significant benefits of this transparency for German cybersecurity include the
subsequent:

In a sector where agreeing is of the maximum significance, XAI permits human
operators to recognise the reasoning in the back of action suggestions and threat
detections generated by way of AI. Ahmadi [4] posits that transparency increases
self-belief in an AI device by promoting duty for its selections. XAI tactics can
provide a reason behind the categorymade utilizing anAI gadgetwhilst an occasion is
classified as a cyber-attack. This enables human experts to assess the risk’s legitimacy
and decide the best direction of movement.

XAI can aid in the detection and rectification of capacity biases and mistakes that
may occur while AI fashions are applied to cybersecurity [5]. Proficient in human
intelligence can detect possible biases in the schooling records or logical deficiencies
in the model through comprehension of how the AI device produces outputs. The
well-timed identity of troubles permits the implementation of remedial movements,
thereby ensuring the accuracy and reliability of danger detection powered via AI.
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As said previously, effective human-AI collaboration is important to Germany’s
sturdy cybersecurity [2]. It is vital to this collaboration that XAI permits human
professionals to interpret and put in force AI outputs for strategic decision-making.
Human specialists might also direct their talents toward activities such as comparing
vulnerabilities, devising incident reaction strategies, and figuring out the best path
of action through comprehension of the logic underlying AI chance detections.

A wide variety of ethical issues are raised by way of the utility of AI to cybersecu-
rity, including the capacity for discrimination and bias to exist inside AI models. By
facilitating a complete exam of the variables that affect the choice-making strategies
of AI models and the facts used to educate them, XAI techniques can assist mitigate
these dangers. By figuring out and rectifying any biases, XAI has the functionality
to provide AI-driven cybersecurity that is equitable and without discrimination.

German cybersecurity stands to benefit from the implementation of numerousXAI
methodologies. Feature significance evaluation, for instance, can help in figuring out
the record elements that exert the best impact on the selection-making functionality
of an AI version [3]. Rule-primarily based factors also can be hired to streamline
difficult AI fashions by lowering them to regulations which can be extra viable for
human specialists to recognize. In addition, counterfactual causes can also shed light
on any occurring biases or mistakes by inspecting the capacity impact of alterations
to the entered records on the output of the AI version.

4.5 Building a Skilled AI Cybersecurity Workforce

Patton et al. [25], kingdom that the expanding use of artificial intelligence in German
cybersecurity necessitates the formation of a body of workers able to design, imple-
ment, and supervise those innovative structures. It is probably, but, that Germany’s
cybersecurity personnel lack the requisite knowledge in AI development and integra-
tion currently. This underscores the importance of implementing complete schooling
programmes and academic initiatives that furnish employees with the necessary
talents to use AI inside the realm of cybersecurity.

In AI cybersecurity, the capabilities divide is prompted by way of a mess of
factors. In the world of artificial intelligence, which is in its nascent ranges and
undergoing fast improvement, experts must first of engage in ongoing training and
adjustment [26]. Second, specialised capabilities required for interfacing with AI
systems are now and then omitted in conventional cybersecurity schooling, which
ordinarily emphasises community security and essential security standards.

Germanymight employ a diversifiedmethod encompassing upskilling, schooling,
and training so that you can bridge this disparity.

Curriculum integration of AI modules into cybersecurity publications provided
through universities and different educational institutions is possible [27]. These
programmes can also cover topics together with the fundamentals of machine
learning, strategies for deep learning, herbal language processing in the context of
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cybersecurity, and the moral implications of AI utility. In addition, practical enjoy-
mentwithAI platforms and gear is vital to equip graduateswith the abilities important
to use AI in actual global cybersecurity applications.

To bridge the present knowledge divide concerning synthetic intelligence, it’s
miles feasible to offer specialized education publications to innovative cybersecurity
personnel [30]. Specific topics including AI-powered incident response, AI threat
detection, and security worries in AI structures can be the point of interest of these
publications. Particularly powerful for offering rigorous expertise in a brief period
are extensive seminars and boot camps.

German cybersecurity professionals are compelled to adopt a subculture of
ongoing studying because of the dynamic nature of the cybersecurity environment
and the rapid improvements in AI technology [31]. Conferences, seminars, and
online courses referring to modern-day cybersecurity in artificial intelligence may be
promoted by using corporations.Additionally, the availability of a platform for cyber-
security specialists to interact speak and share information promotes collaborative
surroundings for gaining knowledge.

Collaboration between the public and private sectors can facilitate the estab-
lishment and transport of efficacious AI cybersecurity training programmes [34].
Government entities can provide funding and assets for training projects, even as
business organizations with an understanding of AI development may additionally
contribute to the introduction of curriculum modules and opportunities for firsthand
schooling. By capitalising on the respective benefits of each sector, this coopera-
tive method ensures that training programmes continuously replicate the evolving
necessities of the German cybersecurity area.

Germany stands to benefit considerably from investments in the development of a
gifted workforce in AI cybersecurity. Primarily, it assists Germany in enhancing its
domestic cybersecurity stance via the most effective utilisation of artificial intel-
ligence [35]. Cybersecurity answers propelled by AI may be designed, applied,
and maintained with efficiency through personnel owning the needful AI under-
standing. Additionally, Germany’s strong expertise pool promotes innovation and
attracts in highly skilled professionals in AI cybersecurity, thereby expediting the
general development of the field.

A cybersecurity destiny propelled by way of AI will necessitate personnel able
to deal with the intricacies of that innovative technology. By making tasks targeted
at education, education, and upskilling, Germany can ensure that its cybersecurity
experts possess the necessaryAIknowledge and are organized to shield the kingdom’s
digital infrastructure in opposition to the escalating risks posed by the aid of cyber
threats.
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4.6 International Collaboration for AI Cybersecurity
Standards

Effective mitigation of cybersecurity threats calls for global coordination because of
their inherently worldwide nature and common transnational occurrences [37]. The
importance of promoting global cooperation in setting up unique benchmarks for the
improvement and implementation of artificial intelligence in this critical area grows
in tandemwith Germany’s integration of AI into its cybersecurity operations. Several
issues must be addressed using those guidelines, which include records privateness,
protection troubles in AI structures, and the capacity for the military to make the
most AI for cyberattacks.

Amultitude of critical elements contribute to the importance of worldwide collab-
oration.Before something else, the implementation of secureAI generation for cyber-
security purposes could be hindered by using the absence of distinct and express
rules throughout country-wide borders [38]. The presence of assorted countrywide
legal guidelines and conventions can cause the fragmentation of regulations, thereby
impeding the potential of governments to cooperate on cybersecurity endeavours and
exchange facts.

Furthermore, the trade of data and first-class practices in AI cybersecurity is
facilitated via worldwide collaboration [43]. Through the alternate of knowledge and
stories, countries can increase secure and green AI-powered cybersecurity answers
more hastily by reading each other’s successes and disasters.

It is essential to set up international standards in the following regions of AI
cybersecurity:

• Data Privacy: Significant information privacy concerns are raised through the
collection and utilisation of records for AI education, especially considering the
increasing adoption of cloud-basedAI structures [8]. Through global cooperation,
harmonised records privacy requirements for AI improvement and cybersecurity
implementation can be installed. These requirements need to ensure the proper
collection and control of statistics, accompanied by way of sturdy protection
measures to uphold the privacy rights of people.

• Security Vulnerabilities inAI Systems: [27], posit that the self-susceptibility of AI
structures to intrusions could compromise the integrity of cybersecurity defences.
By focusing on subjects including code evaluation, vulnerability trying out, and
secure coding practices, global collaboration could aid in the establishment of
benchmarks for steady AI improvement tactics. These requirements can addi-
tionally address the requirement for resilient safety protocols in AI structures to
thwart attempts via malignant actors to take advantage of them.

• Military Applications of AI: In light of the moral worries that arise from the
capacity utilisation of AI for offensive cyberattacks, it is imperative to provoke
international talk concerning accountable AI studies in the military sector [29]. It
is probably feasible to set up global regulations and laws regulating the improve-
ment and application of army artificial intelligence through collaboration,doing
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so ought to reduce the hazard of escalation and foster greater secure digital
surroundings for all people.

International collaboration on AI cybersecurity standards can be significantly
strengthened through the involvement of enterprises which include the European
Union (EU) and the Organisation for Economic Collaboration and Development
(OECD) [23]. These corporations may also facilitate discussions, the trade of facts,
and the creation of standardised policies to remedy the cybersecurity challenges that
artificial intelligence gives.

The benefits of worldwide collaboration on AI cybersecurity requirements are
indisputable. Primarily, it fosters an extra steady international virtual milieu through
the endorsement of optimal methodologies and the reduction of dangers connected
to the implementation of AI in cybersecurity [33]. Furthermore, collaboration fosters
the cross-border interchange of understanding and thoughts, thereby cultivating an
environment conducive to innovation. Finally, it promotes the development of AI
in a responsible way by way of establishing worldwide regulations and require-
ments that resolve ethical dilemmas and guarantee the moral implementation of AI
in cybersecurity.

In precise, cooperation is vital to navigating the dynamic realm of AI cyber-
security. Through fostering international collaboration at the established order of
specific and uniform requirements, Germany should work with other governments
to sell secure AI improvement and deployment for cybersecurity purposes, overall
resulting in safer digital surroundings for all.

5 Conclusions and Future Work

This contemporary researchhas explored the complex courting that exists inGermany
between synthetic intelligence (AI) and cybersecurity. The research undertook a
thematic analysis of scholarly literature on the way to become aware of good-sized
issues bearing on the implementation of AI in this vital field. [35] conducted an
observation inspecting the ability blessings of artificial intelligence (AI), especially
emphasising the generation’s capacity to enhance risk detection, reaction times,
and automated dataset evaluation. Nevertheless, the studies additionally recognized
potential drawbacks connected to synthetic intelligence, such as troubles concerning
facts privacy, the comprehensibility of AI-driven decisions, and the chance of worker
reduction in the cybersecurity industry [37].

Further analysis is performed on the merits and challenges of AI cybersecurity in
Germany. Challenges recognized with the aid of Vegesna [38] included the necessity
for precise standards and guidelines, the task of balancing statistics privacy and secu-
rity, and the attempt to close the cybersecurity skills divide. In addition, techniques for
financing AI studies and development, setting up public-personal partnerships, and
increasing societal cybersecurity attention have been discussed within the chapter.
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The deployment of AI in cybersecurity raises moral worries, which have been
very well tested. Yaseen [41] contend that protection worries, and personal privacy
rights should coexist in a country of compromise. Additionally, the importance of
Explainable AI (XAI) methodologies was underscored because of their capability
to beautify the transparency of choice-making and bolster self-belief in AI systems
[32].

Further research is warranted into the societal ramifications of AI in cybersecurity,
consisting of however now not restrained to the ability body of workers discounts,
moral concerns concerning bias in AI structures, and the broader conventions of an
information-driven society.

Scientists in Germany may have extra knowledge of the difficult connections
between AI and cybersecurity because of future studies in those areas. This fabric
will prove to be distinctly useful for policymakers, cybersecurity experts, and
different stakeholders who are endeavouring to navigate the ever-changing digital
surroundings and ensure a steady destiny for all.

While Artificial intelligence (AI) offers cybersecurity specialists in Germany
each blessing and difficulties, quantum computing (QC) is another disruptive era
this is approximately to emerge. Employing ideas from quantum physics, quantum
computing (QC) plays tasks which are inaccessible to standard computers. With QC
maybe in a position to break the encryption techniques that today protect non-public
statistics and conversations, this has serious results for cybersecurity.
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Children’s Involvement in Terrorist
and Extremist Groups
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Abstract In the twenty-first century, while the internet has transformed global
communication and personal interactions, it has also become a tool for criminal
groups such as terrorists to exploit vulnerable children. The chapter aims to examine
the complex relationship between the internet and the radicalisation of children by
terrorist and extremist groups. To this end, the chapter explores how contemporary
digital technologies contribute to the recruitment and manipulation of minors by
extremist organisations. Furthermore, the chapter covers the impact of the internet
on facilitating terrorism through various online channels, the specific methods used
by terrorists to target and radicalise children, and the advantages of using minors
in terrorist operations. Additionally, it highlights the distinct exploitation of female
children and reviews strategies for countering online radicalisation including reha-
bilitation and parental oversight. By addressing these issues, the chapter seeks to
provide a comprehensive understanding of the factors driving children’s involvement
in extremism and to propose effective interventions to prevent their exploitation.
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1 Introduction

In the twenty-first century, the internet has become deeply integrated into individuals’
lifestyles [1, 2]. It has revolutionised communication and facilitated the creation of
interconnected networks between nations [3, 4]. This technological advancement has
undeniably enhanced personal relationships and lifestyles [5]. However, it has simul-
taneously posed significant cybersecurity threats, including terrorism and violent
extremism [6, 7] . Terrorist and extremist groups have exploited the internet to target
children, who are particularly vulnerable due to their developing minds and ease
of manipulation [8]. Children are attractive recruits for these groups as they are
easier to indoctrinate and manage compared to adults, and they represent a lower
financial burden [8]. Furthermore, exposure to violence through these groups can
severely affect children’s behaviour, learning capacity, and overall physical, mental,
and sexual health.

Therefore, to combat this alarming trend, it is crucial to understand the factors
that drive children to join such groups. This understanding is essential for developing
effective preventive measures. Addressing the root causes and motivations behind
children’s involvement in extremist activities can lead to more targeted and prac-
tical interventions by helping to safeguard future generations from the detrimental
influence of terrorism and violent extremism. The phenomenon of children aspiring
to join terrorist organisations, such as ISIS in Syria or similar groups worldwide, is
a pressing issue of concern across many nations [9]. Given that young individuals
represent the future of society, their attitudes and behaviours hold significant poten-
tial to shape societal dynamics [10]. In light of these, this chapter seeks to explore the
impact of the internet and contemporary technological advancements on the involve-
ment of children in terrorist and extremist groups. To this end, it aims to provide an
in-depth analysis of how these digital tools have facilitated such participation and to
offer insights into potential strategies for preventing the exploitation of children by
these criminal organisations.

The remainder of the chapter is structured as follows: Sect. 2 explores how the
internet facilitates terrorism and extremism through communication, recruitment,
and radicalisation by focusing on the impact of media-wise terrorism and online
methods. Section 3 examines the ways in which terrorist groups target and exploit
children by focusing on their online recruitment methods and the psychological
tactics used to radicalise minors. Section 4 investigates how terrorist groups exploit
children for both control and operational advantages by highlighting the tactical,
emotional, and financial motivations behind their recruitment and use. Section 5
examines the specific vulnerabilities and recruitment tactics used by terrorist organ-
isations to exploit female children by emphasising the social, familial, and psycho-
logical factors that contribute to their involvement. Section 6 explores strategies for
countering online radicalisation of children by focusing on the importance of reha-
bilitation and reintegration programs for former child recruits, as well as the role of
mentoring and parental oversight in preventing online exploitation. Finally, Sect. 7
concludes the chapter.



Children’s Involvement in Terrorist and Extremist Groups 149

2 The Internet and Terrorism

The widespread accessibility and usage of the internet have seen substantial growth
[1], with approximately 5.35 billion users globally, representing nearly 66% of the
world’s population [11]. A significant portion of these users are children [2]. This
broad reach has enabled terrorists and violent extremists to leverage the same digital
platforms for communication, collaboration, and persuasion as the general public
[7, 12]. Consequently, the internet has become a tool for these criminals to seek
ideological inspiration, interact with each other, and obtain practical information,
such as instructions for constructing explosives (Government of the Netherlands
2024). This has given rise to the concept of ‘media-wise terrorism’ or cyber-terrorism,
which is characterised by the politicallymotivated use of the internet and information
technology to perpetrate acts of violence against civilians [13, 14].

While the internet has facilitated the spread of extremist content and radicalisa-
tion, there is limited empirical evidence proving that it alone significantly promotes
terrorism or extremism [15]. Radicalisation, which involves the process of adopting
increasingly violent and extreme beliefs [10, 13], might be influenced by various
factors beyond just online interactions. Nonetheless, the internet functions as an
“echo chamber”, where individuals encounter and reinforce their extremist views by
connecting with like-minded people [7, 16–18]. The internet also allows for radicali-
sation to occur without physical interaction, potentially leading to self-radicalisation
[7] and, ultimately, involvement in terrorism. This highlights the complex role of the
internet in both facilitating and amplifying extremist ideologies.

The September 11 attacks, orchestrated by Al-Qaeda [19], increased awareness
of the internet’s role in terrorism [15]. The attacks highlighted the significance of
global communication networks in sustaining transnational terrorism, disseminating
extremist ideologies, and facilitating recruitment [14]. The operational decisions
made by the 9/11 planners—regarding the approach, objectives, timing, and scale
of the attacks—marked a new era of mass-mediated terrorism [15]. Since then, the
proliferation of extremist content online has surged with a growing volume of such
material explicitly targeting the radicalisation and recruitment of children [1, 2].
Referring to this phenomenon, organisations monitoring terrorist activities in the
Middle East and Asia have reported that these groups are becoming increasingly
adept at leveraging modern technologies and the internet [12]. Indeed, terrorist and
extremist groups have improved their use of information and communication tech-
nologies including the internet and social media despite the evolving nature of these
technologies [1, 2, 20].

It is estimated that approximately 90%of organised terrorism is facilitated through
the internet [21]. For instance, terrorists exploit the internet to recruit and radicalise
potential operatives, spread propaganda, transfer knowledge and funds, and raise
financial support for their activities [12, 20, 22]. Furthermore, the internet’s unreg-
ulated and accessible nature significantly aids terrorists by enabling them to exploit
various websites and social media platforms (SMPs)—such as e-groups, message
boards, and video content—to reach and influence thousands of potential recruits
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[1]. Terrorist groups typically employ two primary online recruitment strategies:
grooming and narrowcasting. Grooming involves building a relationship with the
target by learning about their interests and establishing trust, a technique often used
to recruit female children [23]. In contrast, narrowcasting, also known as niche or
target marketing, is a more recent trend [1]. This method directs media messages
towards specific public segments based on shared beliefs, interests, demographics,
or geographical locations [1]. Terrorists now utilise these methods to effectively
target children by recognising the internet’s extensive reach among young audiences
[10, 12, 13, 23].

3 New Generation of Terrorists

The question of where childhood ends and maturity begins is a subject of ongoing
debate with varying opinions on the transition between childhood and adulthood.
However, international law defines a child as any individual under the age of eighteen
years old (UNICEF n.d.). Establishing a minimum age is crucial in the context of
terrorism, as terrorists prefer recruiting children due to their ease of control and the
lighter penalties they receive if apprehended.

Terrorist and extremist groups employ various tools to target children online in
order to radicalise and involve them in terrorism. For example, comic strips are used
by terrorists to seduce minors [24]. One notable example is a jihadist-created comic
strip titled ‘Son of the Martyr’, which depicts three brothers using an explosive-
laden toy car to attack an enemy tank, claiming their actions as retaliation for their
religion [14]. Additionally, terrorists have developed free internet games intended
to radicalise and train members, such as ‘Quest for Bush’, an online game released
by al-Qaeda’s Global Islamic Media Front. These tools pose a particular threat to
Muslim children as they are often designed by Muslim extremists to attract young
audiences. According to social identity theory, individuals derive their sense of self
from their group affiliations. This leads to ingroup favouritism and outgroup deroga-
tion [25]. In the context of Muslim children, especially those living in discriminatory
environments and feeling disconnected from mainstream culture, exposure to radi-
calised content on the internet can significantly influence their sense of identity.
These children might adopt radicalised ideas to gain a sense of self, purpose, and
belonging within their group [25]. Children who feel marginalised or alienated are
particularly vulnerable to online radicalisation. For these children, the internet can
provide a sense of identity and belonging by offering them an avenue to be seen as
‘good’ Muslims by their peers and thus feel a part of their community [25]. This
highlights the urgent need for targeted interventions to prevent the exploitation of
vulnerable children by terrorist groups through online platforms.

Although the recruitment of children by terrorist groups has recently decreased,
it has not been eradicated. Children remain frontline participants in various global
conflicts and continue to be actively recruited by armed and terrorist groups. For
instance, an estimated 8000minors have been recruited and exploited byBokoHaram
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in Nigeria since 2009 [23]. Reports indicate that some of these children have been
forced to attack their own families while girls have been compelled to marry, cook,
clean, and carry weapons and equipment [23]. There are several other potential
reasons why terrorist groups deliberately recruit children. Children can be effective
combatants; they are less costly to feed, easier to train, andharder to detect than adults.
Additionally, they are less likely to understand the long-term consequences of risky
behaviours [8]. Thus, it can be inferred that the recruitment of minors is often driven
by strategic considerations rather than a shortage of adult recruits. This strategic
advantage makes children appealing recruits for terrorist organisations, perpetuating
their involvement in these heinous activities despite global efforts to prevent such
exploitation.

4 The Exploitation of Children in Terrorist Groups

4.1 Control

The parties involved in recruiting children into terrorist groups often view their partic-
ipation as an ‘investment’. This is due to the fact that children are easier to intimidate
and control, both physically and emotionally, compared to adults. They tend to show
immediate devotion to authority figures and are more susceptible to adopting the
ideas and behaviours of those they admire and respect [7]. This is particularly perti-
nent when family members are part of the recruitment process [7]. This situation is
perilous, as social learning theory suggests that children, still developing, are not yet
capable of discerning right from wrong [26]. They learn by observing the actions of
family members and other role models including characters they encounter online
[26]. Therefore, given the prevalence of online interactions, it is crucial for guardians
such as parents and teachers to monitor what children are exposed to online to reduce
the risk of encountering radicalised content. However, when family members them-
selves are involved in terrorism, the situation becomes more complex. If these chil-
dren realise they are on the wrong path, they may face stigma and rejection from
their families and communities if they reject extremist beliefs [10]. This need for
familial support and a sense of belonging can compel children to conform and join
terrorist groups unless there is intervention from criminal justice system institutions.
Thus, not only does online content influence children’s decisions, but the offline
circumstances and the individuals they are surrounded by also play a significant role
in their potential involvement in terrorist activities. Effective intervention requires
addressing both the digital and physical environments that children navigate.
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4.2 Tactical and Financial Advantages

Children, especially females, are increasingly being utilised as spies, messengers,
equipment transporters, and even suicide bombers [23]. The reasons for this are
often pragmatic: children are less cognizant of the risks they face and consequently
exhibit less anxiety [2]. Instead, they are more likely to follow orders and generally
arouse less suspicion, which can be a strategic advantage when approaching targets.
The recruitment of children also offers significant financial benefits to terrorist and
extremist groups. Children, if paid, typically receive lower wages and require less
food. Terrorist groups often provide food, shelter, and security as forms of payment.
This arrangement can attract financially disadvantaged children even if they do not
initially share the group’s ideology [27]. The immediate need for food and secure
shelter can compel them to join terrorist groups [27]. This exploitation of children’s
vulnerabilities highlights the complex relationship between economic necessity and
manipulation that drives their recruitment. Understanding these dynamics is crucial
for developing effective interventions that address both the immediate needs and
long-term protection of children from terrorist exploitation.

5 Recruitment and Exploitation of Female Children

Female children are particularly vulnerable to recruitment by terrorist organisations
due to additional pressures from gendered social responsibilities and exposure to
domestic and sexual violence [23]. Contrary to the common assumption that females
join terrorist groups out of a sense of religious obligation, they usually do so due
to pressure from male relatives, such as fathers or brothers [23]. The loss of close
family members who serve as guardians can further increase girls’ susceptibility to
recruitment. The recruitment and radicalisation of female children are often facil-
itated by familial ties including marriages to members and supporters of terrorist
groups. Early and forced marriages can make females more susceptible to family
compulsion and create feelings of alienation, both of which are linked to involve-
ment in violent extremist groups [23]. Additionally, sexual and domestic abuse (both
within and outside of marriage) can drive young women toward violent extremism.

The presence of young women in terrorist organisations can significantly attract
other youngwomen. For instance, two teenage girls fromaSpanish colony in northern
Africa were detained in 2015 for organising an ISIS recruitment scheme targeting
their friends [23]. Girls are preferred recruitment targets for several reasons. One of
these reasons is due to visibility as attacks carried out by girls, especially young ones,
tend to receive more media attention and thus have higher propaganda value [10].
The recruitment of girls enhances the group’s attractiveness to potential members,
contributes to their ‘normalisation’, and demonstrates the group’s ability to establish
states, as indicated by their communication techniques [23]. Effectiveness is another
critical factor in the recruitment of young females by terrorist organisations [28].
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Young females do not fit the typical security profile and therefore tend to attract
less suspicion [28]. This makes them more likely to successfully carry out attacks or
provide support [28]. Additionally, girls are influenced by distinct ‘pull factors’ and
‘push factors’. Social media can coerce girls to ‘fall in love’ with a group member, or
theymightmarry a terrorist fighter as ameans to escape familial pressure or structural
abuse at home.

While any child might be susceptible to recruitment and exploitation by violent
extremist or terrorist organisations, the specific recruitment of young girls has
received particular attention in recent terrorism contexts. This might be due to the
fact that pathways that lead girls to these groups are often obscured [9]. The UNODC
has found that identifying the factors influencing female recruitment, distinct recruit-
ment patterns, and preferred modes of exploitation is challenging. This complexity
highlights the need for more focused research and intervention strategies to address
the unique vulnerabilities and recruitment methods targeting young females in the
context of terrorism.

6 Countering Online Radicalisation of Children

Children recruited and exploited by terrorist and violent extremist organisations
endure multiple levels of violence [29]. These children are employed in hostilities
such as front-line combat, executions of detainees or hostages and terrorist assaults
including suicide bombings. Beyond direct combat roles, children often serve in
support capacities as porters, smugglers, spies, or messengers, effectively treated
such as slaves and frequently subjected to sexual abuse and exploitation. The intense
brutality these children face includes harsh recruitmentmethods, enslavement, sexual
exploitation, constant fear, brainwashing, and psychological pressure [23]. Further-
more, they are often injured or killed in conflict. Due to their young age and psycho-
logical malleability, these children become dangerous tools in the hands of their
recruiters by potentially committing criminal offenses such as terrorism, war crimes,
or crimes against humanity [2]. According to the international legal framework, the
recruitment and exploitation of minors by terrorist and violent extremist groups is a
severe form of child abuse [22]. Although the nature and severity of violence against
these children vary, the short- and long-term consequences for both the children
and society are devastating [22]. The violence can have catastrophic repercussions
including early death [30]. Those children who survive face severe physical and
emotional harm which affect their ability to lead normal lives.

The phenomenon of child recruitment and exploitation by terrorist and violent
extremist groups has become a significant concern for governments and society.
Therefore, addressing this issue through concerted efforts is now recognised as a
global priority. States bear primary responsibility for implementing measures to
prevent and combat terrorism and for protecting children from violence including
severe forms such as recruitment and exploitation by terrorist groups [22]. Thus, in
response to the increasing use of contemporary communications by terrorist groups
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to target children, institutions worldwide have been encouraged to consider specific
countermeasures.

6.1 Rehabilitating and Reintegration Programmes

Reintegrating minors who have embraced violent extremist identities and engaged in
acts of violence into society presents significant challenges [31]. This reintegration
process, as outlined by the United Nations [32], involves transitioning ex-combatants
to civilian life, which requires addressing various aspects including social, economic,
psychological, legal, and political dimensions. The initial phase of reintegration
typically involves placing children in specialised assistance centres, also known
as Interim Care Centres (ICCs) [31]. These controlled environments are designed
to provide a safe space for individual evaluation and rehabilitation. Within these
centres, programs focus on establishing behaviour codes, promoting group-oriented
behaviours, and engaging in activities that build trust and security. The goal is to help
minors take responsibility for their past actions, renounce affiliations with armed
groups, acknowledge government authority, and reintegrate into family and commu-
nity life [31]. Additionally, ICCs offer essential services such as initial medical care
and the reintroduction of a regular daily routine [31].

During a child’s stay in an ICC, efforts are made to reconnect the child with
their family and prepare the community for their reintegration [31]. However, this
process is fraught with difficulties. According to labelling theory, children who have
participated in terrorist activities often face secondary victimisation by the criminal
justice system and stigmatisation from their communities. They might be labelled
as ‘evil’ or ‘prone to deviance’, which can create significant barriers to their social
acceptance [10, 33]. This stigmatisation can lead to decreased opportunities and
limited personal growth, making it challenging for these children to successfully
reintegrate into society. Therefore, the persistent negative perceptions and social
rejection might result in ‘recidivism’, where the child is re-exploited by terrorist or
extremist groups, effectively undoing the progress made during their rehabilitation
[10]. Therefore, while rehabilitation and reintegration programs are crucial, their
success is heavily dependent on overcoming societal stigma and ensuring that the
community is prepared to support and accept the reintegrated individuals.

6.2 Mentoring

Due to its unregulated nature, the internet provides a fertile ground for criminals
including terrorists. This environment aligns with the principles of crime opportunity
theory, which identifies three critical elements necessary for crime: an opportunity,
a target, and the absence of guardianship [34]. In this context, the internet including
platforms such as social media and online games serves as the “opportunity” for
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terrorists to exploit. Specifically, children are the “target” due to their developmental
stage and vulnerability. Moreover, the lack of adequate parental guidance and regu-
lation online represents the “absence of guardianship”. Given that children are still
developing and might lack the capacity to discern right from wrong effectively, it is
unrealistic to expect them to self-regulate their online activities. Instead, the respon-
sibility of monitoring and guiding their internet use falls primarily on parents and
educators. Consequently, this role of guardianship is crucial in preventing exposure
to harmful content and radicalisation [35]. Furthermore, the anonymity and dein-
dividuation theory explains why extremist and terrorist groups thrive online. The
anonymity provided by the internet allows these groups to operate without revealing
their true identities, making it easier for them to evade detection and manipulation
[36]. This lack of visibility can lead to a normalisation of extremist ideologies among
children, who might be exposed to radicalising content without sufficient oversight.

7 Conclusion

The internet undeniably presents a fertile ground for criminal activities including
terrorism and extremism. The role of cyberspace, particularly the internet, in influ-
encing children’s involvement in terrorism is a topic of considerable debate among
researchers. While the internet might play a role, it is not the sole or even primary
factor driving children’s participation in extremist groups. Many children, regardless
of gender, are often coerced into joining such groups by family members or other
relatives. This indicates that their involvement might not be directly linked to online
exposure, suggesting that while the internet has some impact, it is not necessarily
the primary motivator for radicalisation. The involvement of children in terrorism
is influenced by a complex relationship between psychological, social, religious,
political, and socioeconomic factors. Therefore, understanding the motives behind
children’s participation in terrorism requires a broader perspective that comprise
these multiple factors.

This chapter’s focus on the internet’s role presents a limitation as it overlooks
other offline factors that contribute to children’s involvement in terrorism. Thus,
future research could aim to explore how offline variables, in conjunction with online
influences, affect children’s decisions to join terrorist groups. Additionally, studies
could consider the distinct motivations of different genders as the reasons for male
and female involvement in terrorism can vary significantly. By examining these
factors comprehensively, future investigations can provide a more comprehensive
understanding of the complex dynamics leading to children’s radicalisation.
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The Evolution of Terrorism in Digital
Era: Cyberterrorism, Social Media,
and Modern Extremism
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Abstract This study explores the significant impact of the internet on terrorism and
extremism by focusing on three key areas: cyberterrorism, social media usage, and
attack planning. Cyberterrorism has emerged as amajor threat, with incidents such as
the WannaCry ransomware attack highlighting its potential to disrupt critical infras-
tructures. The study reveals that the low cost and difficulty in tracing cyberterrorists
contribute to its rising prevalence. Furthermore, social media has become a vital
tool for extremist groups in that it facilitates global communication, recruitment, and
propaganda dissemination. Events such as the Christchurch mosque attacks illus-
trate the challenges of monitoring extremist content online. The internet also aids in
attack planning by providing discreet communication channels, easy access to mate-
rials, and simplified travel arrangements, as seen in the 9/11 and Manchester Arena
bombings. Additionally, the chapter discusses how technological advancements have
enhanced security agencies’ capabilities, leading to more effective prevention and
response strategies. The findings highlight the dual role of the internet as both a
facilitator of terrorism and a crucial asset in countering these threats.
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1 Introduction

Although the true origins of the internet are ambiguous and not fully understood,
it can be traced back to the 1969 network ARPANET [9, 33, 34, 54]. Naughton
[38] notes that the internet became an operational network in early 1983, initially
reserved for society’s elite, before becoming more accessible to a mass audience in
the 1990s. This increased accessibility to a revolutionary technological advancement
has significantly transformed the nature and prevalence of extremism and terrorism.
Sotlar [44] highlights the vagueness of the term extremism by defining it as actions
or practices that deviate from societal norms. Winter et al. [55] elaborate on this by
arguing that extremism can only be understood in contrast to a ‘normal’ or ‘ordinary’
belief system in mainstream society. This perspective is crucial, as without a bench-
mark of ‘normalcy’, no viewpoint can be considered ‘extreme’. Extremism often
escalates into violent extremism [5, 32], with Bötticher [8] noting that extremists
frequently resort to violence when challenging ideologies related to faith or religion,
driven by an unwillingness to compromise with the prevailing state ideology.

The term terrorism, while related, is defined slightly differently and presents
similar definitional challenges. There does not currently exist a universally accepted
definition of terrorism and its legal definitions are widely problematic [25–27, 39],
and the definition can vary depending on the specific act [43]. Meisels [24] charac-
terises terrorism as politically motivated violence that is less intense than conven-
tionalwarfare but still internationally illegal. Shanahan [42] builds on this by incorpo-
rating definitions from various government agencies, describing terrorism as illegal
violence and harm used to intimidate officials and advance ideological objectives.
Considering the foregoing discussion, this chapter aims to critically examine how
the advent of the internet has impacted these concepts. The analysis will culminate
in a conclusion that synthesises the pertinent findings and provides a well-supported
final assessment.

The remainder of the chapter is structured as follows: Sect. 2 explores the impact of
the internet on terrorism and extremism by focusing on the rise of cyberterrorism, its
definitions, and the challenges in tracing perpetrators. Section 3 examines the impact
of social media on terrorist and extremist group operations, illustrating how these
platforms facilitate communication, recruitment, and the dissemination of propa-
ganda. Section 4 investigates how the internet has transformed the planning stages of
extremist and terrorist attacks. Section 5 delves into how the internet has enhanced
the intelligence and learning capabilities of individuals and security organisations
by examining both the positive and negative impacts. Finally, Sect. 6 concludes the
chapter.
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2 The Emergence and Impact of Cyberterrorism

The advent of the internet has significantly impacted terrorism and extremism, with
one of the most significant changes being the emergence and evolution of cyberter-
rorism. Gordon and Ford [15] define cyberterrorism as illegal acts targeting digital
forms of data and information to promote social perspectives by destabilising a
state. Ahmad and Yunos expand on this definition by emphasising that cyberter-
rorism should only be labelled as such if the unlawful activity causes severe damage
to the state. Examples of this could include disrupting key infrastructures such as
transportation hubs or accessing government intelligence (2012). These definitions
highlight the reliance of cyberterrorism on the development and introduction of the
internet.

Weimann [52] posits that cyberterrorism is an attractive option for contemporary
terrorists because it is less physically and psychologically demanding than traditional
terrorist attacks. This approach can increase an organisation’s ability to recruit new
members and simplify the retention of current members. Additionally, Weimann
notes that cyberterrorism is more cost-effective and straightforward as it requires
only basic tools that are readily available in most parts of the world. Similarly,
the reliance on the internet and computing networks allows these activities to be
conducted from anywhere with a stable connection. This enables a more remote
and flexible environment for illegal activities. Consequently, the relative ease of
committing cyberterrorism could lead to an increase in such incidents in the future.

An example of a notable cyberterrorist incident was the WannaCry ransomware
attack in 2017. Although this attack was carried out at a global level, it particularly
impacted the British healthcare system. Approximately 60 National Health Service
(NHS) branches were affected by the attack and led to the impediment and cancel-
lation of thousands of low priority appointments [11]. According to Allegretti [2],
the NHS had to allocate nearly £100 million to repair and enhance its technolog-
ical security and upgrade its Microsoft software to prevent future incidents. Based
on Ahmad and Yunos’ [1] definition, discussed earlier, this incident qualifies as a
cyberterrorist attack due to its severe impact on key infrastructure and a govern-
ment agency. The financial repercussions of the WannaCry attack were significant
as it strained the British government’s budget. The NHS, operated by the Depart-
ment of Health and Social Care, is a government entity. As a result, an attack on it
might align with Ahmad and Yunos’ [1] criteria for cyberterrorism, which includes
targeting government agencies.

However, a major challenge with cyberterrorism is the difficulty in tracing
and identifying the perpetrators. In this regard, Greenemeier [16] highlights that
pinpointing the origin of such attacks is one of the most complex aspects of cyber-
crime.This is supported byChivvis andDion-Schwartz [10],who state that accurately
tracing cyberattacks to the responsible individuals or groups is often challenging.This
anonymity potentially encourages more cyberterrorist activities, as the perpetrators
are difficult to apprehend and prosecute.
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3 The Impact of Social Media on Extremism and Terrorism

The internet also has a major impact on terrorist and extremist group opera-
tions through their activity on social media [36]. This development is particularly
concerning given the pervasive and almost indispensable nature of social media
platforms (SMPs) [28] for the majority of the population, including young chil-
dren. These applications are critical for such groups to communicate and showcase
their activities to the world, and recruit new members from a global audience [18].
Thompson [49] suggests that certain SMPs actually promote political and societal
debates among their users. Moreover, the author highlights that someMiddle Eastern
terrorist groups have recognised the Western world’s dependence on social media.
As a result, these groups exploit social media to manipulate and target younger
audiences by using these platforms to propagate their messages and enhance their
organisational objectives.

An example of an extremist group with a strong affiliation to social media is the
far-right political party Britain First [6]. Founded in 2011, the group aims to promote
the individual countries within the UK by ceasing all immigration and drastically
minimising Islamic andmulticultural influenceswithin the sovereign state [3].Britain
First has a strong presence on Facebook, as well as other SMPs, to communicate their
ideology and share their recent demonstrations [12]. This online activity benefits the
party by allowing followers and supporters of similar, like-minded political groups
to potentially join their social media pages, increasing their global presence and
attracting more media attention. Consequently, more Britons are likely to become
aware of their campaign with some joining their movement, thereby increasing their
chances of success.

As discussed previously, extremist and terrorist organisations have increasingly
turned to SMPs such as YouTube to disseminate propaganda, advertise their causes,
and attract potential recruits [5, 32]. This strategic use of widely accessible and glob-
ally popular platforms allows these groups to reach a vast audience with relative
ease. Murthy [37] highlights that well-known militant groups, such as Al-Qaeda,
leverage YouTube for various activities, including recruitment. This approach capi-
talises on YouTube’s extensive user base and its ease of access, which augments the
groups’ ability to present themselves attractively to potential recruits. Farwell [13]
further illustrates this point by discussing how ISIS hijacked specific hashtags during
the 2014 World Cup. This manoeuvre allowed ISIS to insert their propaganda into
the searches of millions of football fans globally, enticing Twitter users to follow
links to their promotional content. This type of advertisement and marketing became
viable with the advent of the internet, changing the way propaganda is disseminated
globally by extremist and terrorist groups.

A poignant example of the impact of online recruitment is the case of Shamima
Begum [29]. As a teenager from London, Begum was recruited through the Islamic
State’s (IS) online network and subsequently travelled to Syria to marry an IS fighter
[40]. This case is far from isolated, Jiwani [20] reports that approximately 800women
have left their Western homes to become wives of IS militants. The appeal of online
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propaganda, which often depicts an idealised and misleading image of life within
these groups, proves to be highly persuasive to some individuals in Western coun-
tries. These manipulative tactics highlight the proficiency of extremist groups in
creating and disseminating high-quality propaganda that can mislead and attract
young people. The effectiveness of such online advertising highlights the critical
need for vigilance and countermeasures to combat the spread of extremist content
on SMPs.

Another important aspect of the rise of SMPs is their potential to livestream
or upload videos of extremist or terrorist attacks and acts of severe violence. This
phenomenon was starkly illustrated by the Christchurch mosque attacks in 2019 [30,
31], where over 50 people were killed and several dozens injured. The attack was
unique in its brutality not only because of the scale of violence but also because it
was livestreamed on Facebook [23]. Brenton Tarrant, the perpetrator, was the first
to commit such a heinous crime while maintaining an online presence, attracting a
few hundred viewers during the livestream. This number later enlarged to over 3000
viewers across various SMPs [19].

Since the atrocity in New Zealand, similar acts of terror and violence have been
livestreamed by individuals using SMPs. This practice has several disturbing impli-
cations. Firstly, it is disrespectful to the victims, both injured and deceased. Their
defenceless bodies are subjected to extreme pain and suffering, with the violence
being broadcast to a global audience by perpetrators who thrive on delivering terror.
Secondly, the livestreaming of such acts instils fear and anxiety among viewers, who
might worry that their local region could be the next target. This capability to spread
panic globally highlights the power extremist and terrorist groups have in creating
widespread fear through social media. Thirdly, it is extremely challenging for SMPs
to swiftly remove these harrowing videos. Even when platforms manage to take
down the content, the videos are often saved, downloaded, or copied into separate
files ready for re-uploading. This means that such distressing content continues to
circulate in cyberspace, moving from platform to platform. The persistence of these
videos highlights a significant downside of social media and the internet, where
clips of violent nature can be viewed numerous times before they are permanently
removed.

4 The Internet’s Role in Planning Terrorism

Anotherway the advent of the internet has transformed extremismand terrorismoper-
ations is by facilitating the planning stages of an attack. One notable tool facilitating
this is Telegram, an instant messaging platform that employs its own cryptographic
system, setting it apart from more popular protocols used in other similar services
[48]. Telegram’s emphasis on discretion and untraceabilitymakes it an ideal platform
for individuals or groups engaging in criminal or illicit activities.

The Telegram application has been frequently associated with the terrorist organ-
isation ISIS, serving as a major tool for planning and coordination within the group
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[51]. Telegram’s appeal lies in its robust privacy and security features. It is also due to
its accessibility as it is free to download and easy to install, making it highly conve-
nient for users. This convenience, however, also attracts extremist groups that exploit
the platform for clandestine communications. A study conducted by Georgetown
University, cited by Guhl and Davey [17], discovered over 600 channels promoting
IS material and propaganda in English on Telegram in 2019. This highlights how
extremist groups exploit services such as Telegram to plan and engage in illegal activ-
itieswhile evading detection. The strong securitymeasures inherent in Telegrampose
significant challenges for international and domestic security agencies. These agen-
cies often encounter difficulties in predicting and apprehending those responsible
for planning terrorist activities due to the platform’s robust encryption and privacy
features. This represents a significant downside to the technological advancements
of the twenty-first century, with the internet playing a critical role in facilitating this
evolution.

The internet has also impacted extremism and terrorism by simplifying the plan-
ning stage, making it easier to meticulously organise such events. In this regard,
Weimann [53] states that the Islamist group Hamas exchanges photos, instructions
for operating explosives, and areamaps through email. This indicates that the internet
is an indispensable tool in their planning processes, without which organising their
violent activities would be significantly more challenging. Moreover, the internet
enables individuals or groups intent on causing harm to easily acquire the necessary
materials for their attacks. For instance, it is reported that terrorist organisations have
been able to purchase or obtain chemical and radiological materials online, poten-
tially aiding them in developing powerful weapons, including those approaching
nuclear capabilities [41]. This capability poses a substantial threat to global security
in that it places immense pressure on national security and intelligence services to
prevent potential attacks. A stark example of how the ease of online purchasing can
facilitate acts of terror is the 2017 Manchester Arena bombing. It is noted that the
chemicals used to manufacture the explosives were acquired fromAmazon, a widely
accessible platform in the Western world that poses minimal barriers to purchasing
items [22]. The ease with which perpetrators can buy ammunition or assemble their
arsenal online is deeply concerning for law-abiding citizens, a concern amplified by
the advent of the internet.

Another way the internet has significantly simplified the planning of extremist
and terrorist activities is by making international travel more accessible. The ease of
arranging air travel online, with minimal face-to-face interactions, provides extrem-
ists and terrorists with opportunities to travel globally to survey potential attack
locations or to carry out the attacks themselves. A notorious example of this is the
9/11 attacks. According to the United States Institute of Peace [50], the attackers
obtained airline tickets and counterfeit licenses through the internet. This case high-
lights how online travel arrangements have become a normal and straightforward
process, albeit with vulnerabilities that extremists can exploit. Therefore, although
the simplicity of purchasing tickets online has facilitated easier international travel,
it also poses risks as extremists use fake identities to bypass security measures.



The Evolution of Terrorism in Digital Era: Cyberterrorism, Social Media … 165

Additionally, the internet enables terrorist groups to access timetables and routes
of various public transportation systems by allowing them to plan attacks more effi-
ciently. Public transport, especially inmajor cities, presents both ameans of transport
for perpetrators and a potential target for their violence. The London Bombings in
2005 serve as a clear example of this. Allen and Bryan [4] describe how coordi-
nated explosions on London’s tubes and buses caused havoc, killing over 50 people.
The attackers had entered Central London by train earlier that morning. This illus-
trates how public transport can be used both for travel and as a target. Furthermore,
the internet’s role in facilitating terror attacks extends beyond travel arrangements
to providing a predictable, high-density target for extremists. Public transportation
systems are particularly vulnerable due to their popularity and the significant number
of people they serve daily. The internet’s ability to streamline the planning and execu-
tion of such attacks highlights its double-edged nature: it simplifies daily life but also
presents substantial security challenges.

5 The Dual Impact of Online Learning on Extremism
and Security

The advent of the internet has substantially enhanced the intelligence and learning
capabilities of people worldwide by providing an abundance of information and
resources online. While this is generally beneficial for global society, it also has
exceptions where individuals can learn harmful and destructive skills. The case of
Asad Bhatti, who was investigated by police in late 2020, exemplifies this negative
aspect. Bhatti was found to be manufacturing homemade explosives with the intent
to target groups based on their sexuality and ethnicity [14]. Investigators discovered
manuals, instructions, and diagrams on his laptop that provided detailed guidance
on constructing firearms and improvised explosive devices (IEDs). The likelihood
that Bhatti would use these makeshift devices in an act of violent extremism was
high, with potentially tragic consequences for the victims. This case emphasises a
significant drawback of the internet, namely the ability to easily access and download
instructions for creating dangerous weapons. The ease of obtaining such information
has made acts of extremism and terrorism more prevalent and recurrent. The avail-
ability of these detailed instructions online poses a significant challenge for security
agencies and relevant authorities, who struggle to completely eradicate such material
from the internet. Thus, the persistent presence of these harmful resources creates a
significant risk, as individuals with malicious intent can easily find and use them.

Another factor contributing to the rise in violence related to terrorismor extremism
is the ease with which individuals can learn and understand new languages through
online resources. Terrorist organisations such as ISIS have exploited this by devel-
oping educational tools that serve their agendas. One such example is the mobile
application ‘Huroof’, designed to improve children’s Arabic language skills through
content infused with jihadist ideologies [21]. This app poses a significant threat
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as it can reach millions of children globally, potentially indoctrinating them with
extremist views. Consequently, this can lead to an increase in domestic terrorism in
Western countries and a surge in new recruits traveling to the Middle East to join
militant groups. Furthermore, the internet allows extremists to spread their messages
in widely spoken Western languages such as English and French. This strategy aims
to attract supporters from first-world countries. Regarding this, Speckhard et al.
[45] note that Western nations are often the primary targets for ISIS’s online propa-
ganda. By learning and usingWestern languages, extremists can engage in conversa-
tions with a broader audience, thereby expanding their influence and recruiting new
members in regions previously untapped by their ideology. Therefore, the prolif-
eration of online resources, such as websites, videos, and applications, has made
language learning easier and faster. As time progresses, extremists might also focus
on acquiring languages such as Indonesian or Thai to attract recruits from these
regions in order to spread their reach and influence further.

Simultaneously, the internet has significantly enhanced the capabilities of secu-
rity agencies worldwide by greatly advancing their intelligence and technological
resources since 1983. This technological evolution has made their operations more
efficient andproductive,with online connectivity playing a central role in this success.
Evidence of these improvements can be seen in the statistics related to terrorist attacks
in the UK. According to Statista [46], only 3 of the top 10 deadliest terrorist attacks
in the UK occurred after 1983. This suggests that the implementation of the internet
has contributed to reducing fatalities from terrorist attacks, indicating that Britain’s
security measures have become more effective with the advent of online resources.
This success reflects the significant impact of the internet in enhancing national
security efforts. Furthermore, the augmentation of security protocols at all levels,
particularly after the 9/11 attacks, demonstrates how critical incidents have led to
advancements in securitymeasures. The tragic events of 2001 underlined the need for
urgent improvements at international borders and domestic checkpoints. Therefore,
it can be deduced that the heightened security measures implemented post-9/11 have
likely contributed to preventing similar large-scale attacks. Although the internet was
not the sole factor driving these changes, it has undoubtedly played a crucial role in
supporting the development and implementation of more robust security protocols.

Another significant way the internet has benefited security firms, potentially
minimising the presence of violent extremism and terrorism, is through the vast
amounts of information that can be gathered from phone data. Bernard [7] states
that open-source data from a person’s device can reveal extensive details and incor-
porates a highly effective tracking system. This allows authorities to meticulously
follow the device and, consequently, the perpetrator. This capability is extremely
useful for both private and government security agencies aiming to prevent violence
before it occurs, thereby saving civilian lives. The ability to track and monitor poten-
tial threats in real-time provides security agencies with a powerful tool to intervene
pre-emptively. This proactive approach, enabled by the internet, has significantly
improved the effectiveness of security operations in detecting and neutralising threats
before they can manifest into acts of extremism or terrorism.
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6 Conclusion

The advent of the internet has undeniably impacted extremism and terrorism by
simplifying the execution of these acts and complicating efforts for security authori-
ties to track them. Militant organisations, particularly in the Middle East, have lever-
aged technological advancements to their advantage by exploiting cyberspace to
attract new followers and propagate their ideologies [35, 47]. For instance, extremist
groups exploit the internet to spread videos of their violent acts against minorities
or those who differ from societal norms. This intimidates viewers and heightens
state officials’ alertness to potential extremism. Extremists also exploit the internet
for cyber hacking and cyber-related terrorism. For example, they might be able to
hijack hashtags during major sporting events, thereby redirecting viewers to their
recruitment pages. Similarly, they might be able to launch cyberattacks against a
nation’s government, transportation hubs, or economic infrastructure. Furthermore,
the internet’s ability to facilitate language translation and improve linguistic skills
globally further enables extremists to communicate effectively with potential recruits
worldwide.

In the same vein, security agencies have improved their capabilities with an
online presence. For instance, open-source data from personal devices has proven
useful for tracking and preventing potential attacks. However, the sheer volume of
threats presents an overwhelming challenge to security agencies. Furthermore, secu-
rity agencies struggle to keep up with the rapid rise of terrorism and extremism on an
international scale. Given these circumstances, it seems that security organisations
are fighting an uphill battle against extremism. Therefore, states worldwide should
shift their focus toward expecting and preparing for attacks and acts of brutality rather
than solely concentrating on prevention. Emphasising suitable measures and raising
awareness among emergency services and medical volunteers is crucial. Only with a
balanced approach of preparedness and prevention can nations hope to mitigate the
impact of extremist and terrorist violence.
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