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With a great deal of dedication, 8th ICICCT
2024 is dedicated to all the authors, great
scientists, academicians, young researchers,
conference delegates, and students, who have
research expertise on ICT technologies from
all over the world. Nevertheless, this
proceedings is dedicated to cover a wide
spectrum of themes related to intelligent
computing and communication innovations
and developments.



Preface

The 2024 International Conference on Inventive Communication and Computational
Technologies (ICICCT 2024) took place in Coimbatore, India, from June 14–15,
2024. ICICCT 2024 aimed to explore recent advancements and emerging trends in
communication and computational technologies, fostering knowledge sharing and
networking among researchers and industry experts.

The conference encompassed a wide array of topics including computing
networks, security, blockchain, image processing, computer vision, recommenda-
tion systems, fault diagnosis, deep learning, and neural networks. From a total of
342 submissions received fromuniversities and industriesworldwide, 75 paperswere
selected for presentation based on their quality and relevance following rigorous peer
review by 2–4 expert referees.

We extend our sincere appreciation to all authors for their valuable contributions
to this volume. Our gratitude also goes to the referees for their insightful comments
that helped enhance the quality of the selected papers. Special thanks are due to the
organizing committee for their diligent efforts in ensuring the success of ICICCT
2024. Lastly, we acknowledge Springer publications for their role in producing this
compilation.

Coimbatore, India Dr. G. Ranganathan
Conference Chair

ICICCT 2024
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Ensuring Data Transmission Security
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Abstract This comprehensive research study examines the cybersecurity aspects of
integrating Wi-Fi 6, ZigBee, and Li-Fi technologies within smart city ecosystems.
The paper analyzes the security risks, threats, and necessary mitigation measures to
ensure the confidentiality, integrity, and availability of transmitted data. It explores
data protectionmethods inWi-Fi 6 networks, security of ZigBee automation systems,
and the unique security advantages of Li-Fi technology. The study also proposes
the integration of security systems into a unified smart city management platform
leveraging blockchain and AI, enhancing overall resilience. The findings provide
practical implications for smart city stakeholders and contribute to the advancement
of secure and resilient urban infrastructure.

Keywords Smart city · Cybersecurity ·Wi-Fi 6 · ZigBee · Li-Fi · Blockchain · AI

1 Introduction

1.1 Relevance and Significance of the Research Topic

The proliferation of smart city initiatives worldwide has underscored the critical
importance of secure data transmission across various interconnected technologies.
As cities strive to enhance urban efficiency, sustainability, and citizen engagement,
the integration of wireless communication protocols such as Wi-Fi 6, ZigBee, and
Li-Fi has become pivotal. These cutting-edge technologies enable the seamless
exchange of data essential for the smooth functioning of smart city applications,
ranging from traffic management and energy distribution to public safety and health-
care [1]. However, the inherent security vulnerabilities associated with these wireless
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technologies pose significant challenges in ensuring the confidentiality, integrity, and
availability of the transmitted information.

This research paper aims to provide a comprehensive analysis of the cybersecurity
aspects involved in the integration ofWi-Fi 6, ZigBee, and Li-Fi technologies within
smart city ecosystems. By examining the key security risks, threats, and necessary
mitigation measures, the study will contribute to the development of robust data
protection strategies, ultimately strengthening the overall resilience of smart city
infrastructure [2].

2 Methodology

2.1 Data Collection and Synthesis

The research methodology employed in this study combines a thorough review of
existing literature, analysis of industry reports, and expert consultations to synthesize
a comprehensive understanding of the security considerations surrounding the inte-
gration ofWi-Fi 6, ZigBee, and Li-Fi technologies in smart cities. The data collection
process involved the following steps:

1. Systematic literature review: A comprehensive search of academic databases,
such as IEEE Xplore, Scopus, and Web of Science, was conducted to iden-
tify the latest research, case studies, and industry best practices related to the
cybersecurity aspects of smart city technologies.

2. Industry report analysis: Relevant industry reports and white papers from leading
technology organizations, standards bodies, and research institutions were exam-
ined to gain insights into the current state of security challenges and emerging
trends in the smart city domain.

3. Expert consultations: Interviews and focus group discussions were held with
subject matter experts, including cybersecurity professionals, smart city practi-
tioners, and technology leaders, to gather first-hand knowledge and perspectives
on the security implications of integrating Wi-Fi 6, ZigBee, and Li-Fi in smart
city environments.

The data collected through thesemethodswas systematically analyzed and synthe-
sized to develop a comprehensive understanding of the security landscape, identify
key risks and threats, and formulate strategies to address the challenges.
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2.2 Comparative and Inductive Approach

The research framework employed in this study follows a comparative and induc-
tive approach to derive meaningful insights and actionable recommendations. This
methodological approach involves the following steps:

1. Comparative analysis: The security features, vulnerabilities, and best practices
associated with Wi-Fi 6, ZigBee, and Li-Fi technologies were analyzed and
compared to identify the unique security considerations and interdependencies
within a smart city context.

2. Inductive reasoning: By examining the security implications of integrating
these technologies, the research team inductively identified the critical security
requirements, emerging threats, and necessary mitigation strategies to ensure
the confidentiality, integrity, and availability of data transmitted in smart city
systems.

3. Holistic integration: The research findings were then synthesized to develop a
holistic approach to securing data transmission across the smart city ecosystem,
leveraging the strengths, and addressing theweaknesses of the individualwireless
technologies.

This comparative and inductive approach enabled the research team to derive
comprehensive insights and formulate practical recommendations for enhancing the
cybersecurity posture of smart city infrastructure through the seamless integration
of Wi-Fi 6, ZigBee, and Li-Fi technologies.

3 Results

3.1 Description of Key Cybersecurity Aspects
in the Interaction of Wi-Fi 6, ZigBee, and Li-Fi
Technologies in Smart Cities

The integration of Wi-Fi 6, ZigBee, and Li-Fi technologies within smart city
ecosystems introduces a complex web of cybersecurity considerations that must
be addressed to ensure the protection of sensitive data and the overall resilience of
the system. Each of these wireless technologies possesses unique security character-
istics, vulnerabilities, and mitigation strategies that must be carefully examined and
harmonized to create a robust and secure smart city infrastructure.

Wi-Fi 6, the latest iteration of theWi-Fi standard, offers enhanced security features
such as improved encryption, authentication, anddevicemanagement capabilities [3].
However, the sheer scale and interconnectivity of smart city applications makeWi-Fi
6 networks vulnerable to various threats, including network congestion, unautho-
rized access, and advanced persistent threats. Addressing these challenges requires
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a multilayered approach, incorporating robust access control mechanisms, intrusion
detection and prevention systems, and proactive monitoring and response strategies.

ZigBee, a widely adopted wireless protocol for smart city automation and control
systems, presents its own set of security concerns. The resource-constrained nature
of ZigBee devices and the potential for large-scale deployments in urban environ-
ments heighten the risk of exploitation, such as device hijacking, data tampering, and
denial-of-service attacks [4]. Securing ZigBee networks demands a comprehensive
approach, including the implementation of strong cryptographic measures, device
authentication, and intrusion detection systems specifically tailored for the unique
characteristics of the ZigBee protocol.

Li-Fi, an emerging light-based communication technology, offers inherent secu-
rity advantages due to its reliance on line-of-sight transmission and the confined
nature of its signal propagation [5]. However, the integration of Li-Fi within smart
city infrastructure introduces new security considerations, such as the potential for
eavesdropping, jamming, and the need for secure handover between Li-Fi and other
wireless technologies. Ensuring the confidentiality and integrity of Li-Fi-based data
transmission requires the development of robust keymanagement systems, advanced
authentication mechanisms, and seamless integration with the broader smart city
security framework.

To address the complex security challenges arising from the integration of these
wireless technologies, a holistic and collaborative approach is essential. This includes
the development of comprehensive security policies, the implementation of advanced
security controls, the adoption of secure system design principles, and the contin-
uous monitoring and adaptation of security measures to address evolving threats. By
addressing the unique security requirements of Wi-Fi 6, ZigBee, and Li-Fi, smart
city stakeholders can establish a secure and resilient data transmission infrastructure,
ultimately safeguarding the privacy, integrity, and availability of vital information
for the effective operation and management of smart city services.

3.2 Data Protection Methods in Wi-Fi 6 Networks for Smart
Cities, Including New Standard Capabilities
for Enhancing Security

The deployment ofWi-Fi 6 technology within smart city environments presents both
opportunities and challenges in terms of data protection. The Wi-Fi 6 standard has
introduced several security enhancements that aim to address the evolving security
landscape and the unique requirements of smart city applications.

One of the key security improvements in Wi-Fi 6 is the implementation of the
Enhanced Open (EOP) feature, which provides automatic encryption for openWi-Fi
networks without the need for user intervention [6]. This feature helps to mitigate the
risks associated with legacy open Wi-Fi networks, which are susceptible to eaves-
dropping and man-in-the-middle attacks. By default, Wi-Fi 6 devices establish a
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secure connection, ensuring the confidentiality of data transmitted over the wireless
network.

Furthermore, Wi-Fi 6 introduces stronger encryption algorithms, such as the
implementation of the WPA3 security protocol, which offers enhanced protection
against offline password-guessing attacks and provides forward secrecy for encrypted
communications [7]. This improved encryption mechanism is particularly crucial in
smart city environments, where a vast number of connected devices and users require
secure access to various services and applications.

The Wi-Fi 6 standard also includes advanced authentication and access control
features, such as the adoption of the Opportunistic Wireless Encryption (OWE)
protocol and the implementation of the Wi-Fi CERTIFIED Enhanced Open certi-
fication program [8]. These mechanisms enable seamless and secure onboarding of
devices, ensuring that only authorized entities can access the Wi-Fi 6 network and
mitigating the risks of unauthorized access and device impersonation.

Additionally, Wi-Fi 6 introduces the concept of Target Wake Time (TWT), which
allows for more efficient power management and reduced device activity, thereby
minimizing the attack surface and the potential for resource exhaustion attacks [9].
This feature is particularly beneficial in smart city scenarios,where numerous battery-
powered IoT devices are deployed, as it enhances the overall security posture by
reducing the vulnerability of these devices to malicious activities.

To further strengthen the security ofWi-Fi 6 networks in smart city environments,
it is crucial to implement a comprehensive security strategy that encompasses the
following elements:

1. Strict access control and authentication mechanisms: Leveraging the advanced
authentication features of Wi-Fi 6, such as WPA3 and OWE, to ensure only
authorized devices and users can access the network.

2. Continuous monitoring and threat detection: Deploying robust intrusion detec-
tion and prevention systems to identify and mitigate security threats in real-
time, including network anomalies, unauthorized access attempts, and suspicious
activities.

3. Secure device management and firmware updates: Implementing centralized
device management platforms to ensure timely firmware updates and security
patches, reducing the attack surface and vulnerabilities within the smart city
infrastructure.

4. Security awareness and training: Educating smart city stakeholders, including
citizens, on the importance of cybersecurity best practices and the secure use of
Wi-Fi 6 networks to foster a culture of security awareness.

By embracing the security enhancements offered by the Wi-Fi 6 standard and
implementing a holistic security strategy, smart city administrators can effectively
protect the confidentiality, integrity, and availability of data transmitted over the Wi-
Fi 6 network, ensuring the overall resilience and trustworthiness of the smart city
ecosystem.
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3.3 Ensuring the Security of ZigBee Automation Networks
in Urban Infrastructure

The widespread adoption of ZigBee technology in smart city automation and control
systems presents unique security challenges that must be addressed to ensure the
protection of critical urban infrastructure. ZigBee, a low-power wireless protocol
widely used in building automation, energy management, and smart metering appli-
cations, inherently faces security risks due to its resource-constrained nature and the
potential for large-scale deployments in complex smart city environments.

To safeguard ZigBee-based systems in smart cities, a multilayered security
approach is essential, encompassing the following key elements:

Cryptographic Protection: The ZigBee specification includes provisions for
encryption and authentication mechanisms, such as the use of Advanced Encryp-
tion Standard (AES) with 128-bit keys [10]. However, the effective implementation
and management of these cryptographic controls are crucial to prevent unauthorized
access, data tampering, and eavesdropping. Smart city administrators must ensure
the use of strong key generation, distribution, and rotation processes to maintain the
confidentiality and integrity of ZigBee-based communications.

Node Authentication: The authentication of ZigBee devices is paramount to miti-
gate the risks of unauthorized access and device impersonation. This can be achieved
through the implementation of robust certificate-based authentication or pre-shared
key mechanisms, ensuring that only legitimate and trusted nodes are allowed to join
the ZigBee network and participate in data exchange [11]. Periodic re-authentication
and the use of secure commissioning procedures further enhance the overall security
posture.

Intrusion Detection and Prevention: Given the potential for large-scale ZigBee
deployments in smart city environments, the implementation of intrusion detec-
tion and prevention systems (IDPS) is crucial. These systems can monitor ZigBee
network traffic, identify anomalous activities, and promptly detect andmitigate secu-
rity threats, such as denial-of-service attacks, network flooding, and unauthorized
access attempts [12]. By integrating IDPS capabilities, smart city administrators can
enhance the resilience of their ZigBee-based automation systems.

Additionally, the security of ZigBee-enabled smart city infrastructure can be
further strengthened through the following measures:

1. Secure firmware updates: Ensuring the availability of timely security patches
and firmware updates to address known vulnerabilities and mitigate emerging
threats.

2. Secure network segmentation: Partitioning the ZigBee network into logical
segments or domains to limit the impact of security breaches and contain the
spread of potential attacks.

3. Secure key management: Implementing robust key management practices,
including the use of hardware security modules (HSMs) or trusted platform
modules (TPMs) to securely store and manage cryptographic keys.
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4. Secure commissioning and decommissioning: Establishing secure procedures for
the onboarding and removal of ZigBee devices to prevent unauthorized access
and ensure the overall integrity of the smart city infrastructure.

By adopting these comprehensive securitymeasures, smart city administrators can
effectively safeguard their ZigBee-based automation systems, ensuring the confi-
dentiality, integrity, and availability of critical data transmitted across the urban
infrastructure.

3.4 Ensuring Data Transmission Security Through Li-Fi
Technology, Leveraging Its Unique Characteristics
for Confidentiality

The emergence of Li-Fi, a wireless communication technology that utilizes visible
light for data transmission, presents new opportunities and challenges in the context
of smart city security. The inherent characteristics of Li-Fi, such as its reliance on
line-of-sight transmission and the confined nature of its signal propagation, offer
inherent security advantages that can be leveraged to enhance the confidentiality of
data transmission within smart city environments.

One of the key security benefits of Li-Fi is the reduced risk of eavesdrop-
ping compared to traditional radio frequency (RF)-based wireless technologies. The
confined nature of the light-based signal transmission in Li-Fi makes it more chal-
lenging for unauthorized parties to intercept the data, as the signal cannot easily pene-
trate walls or obstacles [5]. This physical layer security feature enhances the confi-
dentiality of Li-Fi-based communications, reducing the risk of sensitive information
being accessed by malicious actors.

Furthermore, the line-of-sight requirement of Li-Fi transmission introduces an
additional layer of security, as it limits the access points from which an attacker
can potentially intercept the data. This characteristic makes it more difficult for
adversaries to gain unauthorized access to the Li-Fi network, as they would need
to be physically present within the line of sight of the transmitting and receiving
devices [13]. To further strengthen the security of Li-Fi-based data transmission in
smart city environments, the following measures can be implemented:

1. Secure handover and session management: Ensuring seamless and secure
handover between Li-Fi and other wireless technologies, such as Wi-Fi or
cellular networks, to prevent session hijacking or man-in-the-middle attacks
during transitions.

2. Advanced authentication and access control: Implementing robust authentication
mechanisms, such as biometric authentication or device-based certificates, to
ensure only authorized entities can access the Li-Fi network and participate in
data exchange.
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3. Secure keymanagement: Developing secure keymanagement protocols to estab-
lish and distribute encryption keys for Li-Fi-based communications, ensuring the
confidentiality of the transmitted data.

4. Secure network design and zoning: Adopting a zonal approach to Li-Fi network
design, where sensitive data is transmitted within secured zones with enhanced
physical and logical access controls, while less sensitive data can be transmitted
in open Li-Fi zones.

5. Intrusion detection and response: Deploying intrusion detection and preven-
tion systems specifically tailored for Li-Fi networks, capable of identifying and
mitigating threats such as jamming attacks or unauthorized access attempts.

By leveraging the inherent security advantages of Li-Fi technology and imple-
menting a comprehensive security strategy, smart city administrators can enhance
the confidentiality of data transmission and protect critical information assets within
the smart city ecosystem. The integration of Li-Fi-based communication, in conjunc-
tion with other wireless technologies like Wi-Fi 6 and ZigBee, can contribute to the
overall security and resilience of the smart city infrastructure.

3.5 Integration of Security Systems into a Unified Smart City
Management Platform Leveraging Blockchain and AI
Technologies

The effective integration of security systems across the various wireless technologies
employed in smart cities requires a holistic and unified approach to data manage-
ment and decision-making. The development of a centralized smart citymanagement
platform that seamlessly incorporates the security measures for Wi-Fi 6, ZigBee,
and Li-Fi can significantly enhance the overall cybersecurity posture of the urban
infrastructure.

The integration of such a platform can leverage the capabilities of emerging
technologies, such as blockchain and artificial intelligence (AI), to strengthen the
security and resilience of the smart city ecosystem. Blockchain technology can be
utilized to establish a secure and decentralized datamanagement system, enabling the
immutable recording of security events, access logs, and device configurations across
the various wireless networks [14]. This blockchain-based approach can enhance the
transparency and traceability of security-related data, making it more difficult for
malicious actors to tamper with or manipulate the information.

The integration of AI-powered analytics and anomaly detection mechanisms
within the smart city management platform can further augment the security capa-
bilities. By continuously monitoring the data flows and network activities across the
Wi-Fi 6, ZigBee, and Li-Fi systems, the AI-driven algorithms can identify patterns,
detect anomalies, and trigger real-time alerts to the security teams [15]. This proac-
tive threat detection and response approach can significantly improve the smart city’s
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ability to mitigate security incidents and protect critical infrastructure and citizen
data.

The unified smart city management platform, leveraging blockchain and AI
technologies, can provide the following key benefits:

1. Centralized securitymanagement: Enabling a comprehensive viewof the security
posture across the entire smart city ecosystem, allowing for coordinated threat
response and policy enforcement [16].

2. Secure data storage and sharing: Utilizing blockchain’s immutable ledger to
store and share security-related data, ensuring the integrity and traceability of
information [17].

3. Automated threat detection and mitigation: Employing AI-driven analytics to
identify and respond to security threats in real-time, reducing the overall risk
exposure.

4. Enhanced resilience and business continuity: Providing a robust and resilient
platform that can withstand security incidents and maintain the availability of
critical smart city services.

By integrating the security systems of Wi-Fi 6, ZigBee, and Li-Fi technologies
into a unified smart citymanagement platform, leveraging the strengths of blockchain
andAI, smart city administrators can establish a comprehensive and adaptive security
framework that safeguards the entire urban ecosystem.

4 Conclusion

4.1 Key Findings and Conclusions

This research study has provided a comprehensive analysis of the cybersecurity
considerations surrounding the integration ofWi-Fi 6, ZigBee, andLi-Fi technologies
within smart city ecosystems. The key findings and conclusions drawn from this
investigation are as follows:

1. The integration of these wireless technologies in smart cities introduces a
complexwebof security challenges thatmust be addressed to ensure the confiden-
tiality, integrity, and availability of transmitted data. Each technology possesses
unique security characteristics, vulnerabilities, and mitigation strategies that
require a holistic and collaborative approach to secure the overall smart city
infrastructure.

2. Wi-Fi 6 offers enhanced security features, such as improved encryption, authen-
tication, and device management, which are essential for protecting smart city
networks from various threats, including unauthorized access, network conges-
tion, and advanced persistent threats. Implementing a comprehensive security
strategy that leverages these new Wi-Fi 6 capabilities is crucial.
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3. ZigBee-based smart city automation systems face security risks due to their
resource-constrained nature and the potential for large-scale deployments.
Securing these systems requires the adoption of robust cryptographic protection,
strong node authentication mechanisms, and the implementation of intrusion
detection and prevention systems tailored for the unique characteristics of the
ZigBee protocol.

4. Li-Fi technology, with its inherent security advantages of line-of-sight transmis-
sion and confined signal propagation, can contribute to enhancing the confiden-
tiality of data transmission in smart city environments. However, securing Li-Fi-
based communications requires the development of secure handover procedures,
advanced authentication mechanisms, and comprehensive security measures to
prevent threats such as eavesdropping and jamming attacks.

5. The integration of security systems across the various wireless technologies
within a unified smart city management platform, leveraging emerging tech-
nologies like blockchain and artificial intelligence, can significantly improve
the overall cybersecurity posture of the urban ecosystem. This approach enables
centralized securitymanagement, secure data storage and sharing, and automated
threat detection and mitigation.

By addressing these key findings and implementing the recommended security
measures, smart city stakeholders can enhance the resilience and trustworthiness of
their urban infrastructure, ensuring the protection of critical data and the well-being
of citizens in the face of evolving cybersecurity threats.

4.2 Practical Implications and Industry Impact

The findings and recommendations presented in this research study have substan-
tial practical implications for the implementation and deployment of secure smart
city initiatives. The insights provided can directly inform the decisions and actions
of smart city administrators, technology providers, and policymakers, ultimately
contributing to the enhancement of urban security and the protection of critical data
and infrastructure. From a practical standpoint, the detailed analysis of the secu-
rity considerations surrounding the integration of Wi-Fi 6, ZigBee, and Li-Fi tech-
nologies can guide smart city stakeholders in the development of comprehensive
security strategies and the implementation of best practices. The recommendations
for robust access control, cryptographic protection, intrusion detection, and secure
device management can be directly applied to strengthen the security posture of
smart city wireless networks.

Furthermore, the proposed approach of integrating security systems into a unified
smart city management platform, leveraging the capabilities of blockchain and arti-
ficial intelligence, provides a scalable and adaptable solution for smart city adminis-
trators. This centralized security framework can enable real-time threat monitoring,
coordinated response, and the effective management of security policies across the



Ensuring Data Transmission Security Through Wi-Fi 6, ZigBee … 945

diverse wireless technology landscape. The proposed integration of blockchain and
AI into a unified smart city security management platform opens up new possibilities
for creating amore resilient and adaptive cybersecurity ecosystem. By harnessing the
immutability and transparency of blockchain, combined with the analytical capabil-
ities of AI, such a platform can provide a robust and traceable security management
system capable of dynamically responding to emerging threats.

The impact of this research extends beyond the immediate smart city domain,
as the insights and strategies can also inform the broader technology industry. The
security considerations and mitigation measures outlined in this study can contribute
to the development of more secure and resilient wireless communication protocols,
ultimately enhancing the overall cybersecurity landscape for various applications
and industries. Integrating smart city security approaches into the wider technology
ecosystem can drive innovation, promote the development of standards, and advance
security best practices in wireless communications.

By adopting the recommendations and best practices presented in this research,
smart city stakeholders can not only improve the security of their urban environ-
ments but also contribute to the advancement of the smart city industry as a whole.
The findings can serve as a foundation for the development of new security stan-
dards, the formulation of policy guidelines, and the promotion of collaborative efforts
among technology providers, research institutions, and regulatory bodies. Collabo-
ration among diverse stakeholders is crucial for the effective implementation of the
proposed security measures and ensuring they align with the dynamic needs of smart
city ecosystems.

The practical implications of this research study are substantial, as they empower
smart city administrators, technology developers, and policymakers to make
informed decisions, implement effective security measures, and foster a more secure
and resilient smart city ecosystem. The impact of these findings can be far-reaching,
ultimately contributing to the creation of safer, more efficient, and more trustworthy
smart cities that prioritize the protection of citizen data and critical urban infrastruc-
ture. By applying a holistic approach that encompasses technological, governance,
and policy aspects, smart city stakeholders can confidently navigate the complex
cybersecurity landscape and build the cities of the future that thrive on innovation
while remaining resilient in the face of evolving threats.
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