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Abstract

This paper deals with the potential of Artificial Intelligence (Al) in the context of building
smart cities the third dimension. It stresses the applications and future prospects of Al in
managing urban settings. Of special interest are the urban problems which can be
addressed through Al techniques such as mobility, energy, governance, and safety. As
repeatedly noted, Al has dire potential, but with the lack of robust infrastructures,
widespread adoption of Al becomes difficult. The recommended ‘measures are to
incorporate enhanced technologies, ethical Al strategies, and civics. Solutions are geared
towards creating and deploying smart cities that are intelligent, sustainable, inclusive and
viable in the future through collaboration, protocol development and inclusion. This
underlines the key areas of constructive engagement directed at the deployment of Al
technologies in order to build competition-ready cities.

Keywords: Artificial Intelligence, Smart Cities, Urban Management, Sustainability, Ethical
Al, 10T, Public Safety, Digital Divide, Future Directions, Strategic Recommendations.

JEL Classifications

e 033: Technological Change: Choices and Consequences; Diffusion Processes

e R11: Regional Economic Activity: Growth, Development, Environmental Issues,
and Changes

e Q56: Environmental Economics: Climate; Natural Disasters; Global Warming

1. Introduction

The increased rate of urbanization that is being experienced around the world has resulted
in cities facing a number of problems such as increased populations, issues of managing
resources, improving transportation, and environmental issues. Urban planners and those
in power have started to consider advanced options to deal with these issues, enhance the
environment, as well as the lives of the people. Smart cities have evolved as one of the
solutions, where high-end technologies are utilized to develop integrated, optimized, and
green cityscapes.
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Among the enabling technologies, Artificial Intelligence (Al) enables application that has
the potential to change the circumstances in which urban management is done. In big cities
connected to the 10T devices, Al makes it possible to utilize tremendous amounts of
information including social media, and web data. With machine learning and artificial
intelligence tools, big data analytics, cities can improve traffic patterns, reduce energy
usage, and even assist in handling political systems. For example, Luckey et al. (2020) draw
attention to the role of artificial intelligence in making decisions and processing
information which has been in video format by making use of Al systems that offer
explanations (Luckey & Fritz, 2020).

Al is the area in which I think smart cities are measuring the most impact. An area of the
smart cities approach, Al powered Intelligent Transport Systems, leverage the prediction
of traffic flow, suggest optimal routes and control the public transport network. I mention
Szpilko et al. 2023, as they point out the importance of having autonomous vehicles and
drones in curbing traffic and enabling movement within the cities autonomously, (Szpilko
et al., 2023)

Al has more relevance when it comes to strategies that aim at environmental conservation.
Smart grid Al optimisation offers better energy delivery in addition to cutting edges
towards environmental monitoring and main water and air distribution systems. 10T and Al
in this context have a role to play in the Il phase of ensuring sustainable cities in which
accountability, waste and resources are managed, notice Impedovo and Pirlo
2020.(Impedovo & Pirlo, 2020)

Governance and public services are equally transformed by the application of Artificial
Intelligence. Whilst automating administrative functions and self-analytics of insights Al
seems to drive better decision processes and involvement of citizens in making relevant
decisions. Direct democracy systems like Al supported feedback systems have chances
produced to promote better urban policy making. In their work, Yigitcanlar and Cugurullo,
2020 explain how Al enhances effectiveness of governance systems, (Yigitcanlar &
Desouza, 2020). Al stands out as a leap up in technology but Al has its challenges, for
instance, privacy concerns, surveillance, and bias issues have been some of the ethical
concerns raised. Therefore, among the prospects of Al in urban environments, ethical
considerations must become the focal concern alongside its integration. And even in
developed regions, such frameworks are necessary—for XAl—so its black-box models
wouldn’t shift the blame from American politics and corporations to Al itself (Kabir et al.,
2021). Due to poor infrastructure and socio-economic limitations, there is low Al adoption
in underdeveloped regions (R. Wolniak & K. Stecula, 2024)

The primary goal of this research is to offer all-encompassing concepts that would assist in
streamlining understanding when it comes to Al’s integration within smart cities with a
primary focus on the challenges encountered, applications utilized, and future outlooks.
Addressing, at least in part, critical issues such as mobility, sustainability, governance, and
safety, the present research paves the way for further developing theoretical understanding
and engaging with practical implementation of Al driven urban innovations.

2. Literature Review
The Literature Review for the framework of Artificial Intelligence in Smart Cities, will be
addressed by the different Al Applications dimensions in Smart Cities, as well as reviewing

Research Gaps in Al Applications for Smart Cities.

2.1. Al Applications dimensions in Smart Cities
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Implementation of Artificial Intelligence (Al) in intelligent cities has been studied at
different levels and with different approaches, demonstrating its potential and its
difficulties. This review combines the results of the related studies so as to understand Al
in the context of urban development better.

2.1.1. Urban Data Management

Thanks to Al, big data can be collated and interpreted in real time which gives opportunities
to the localities for the optimization of the infrastructure and of the resource’s distribution
(Wang & Moriarty, 2018). One aspect of the integration of Explainable Al (XAl) systems
which would address this issue would be the existence of trust enhancing elements (Luckey
et al., 2021). The combination of Big Data and machines intelligence will better the
condition of the cities and the way resources and people are handled.

2.1.2. Transportation and Mobility

Al-driven Intelligent Transport Systems optimize traffic flow, predict congestion, and
support autonomous vehicle integration (Szpilko et al., 2023). As well as, drones and
electric vehicles play pivotal roles in sustainable urban mobility (Kovacié et al., 2022).

2.1.3. Energy and Environmental Sustainability

Al assists in smart grids modernization, renewable energy integration and predictive
maintenance (Camacho et al., 2024). Al systems for environmental monitoring are able to
sense changes in air pollution, and control processes for waste management (Impedovo &
Pirlo, 2020).

2.1.4. Governance and Public Services

According to Yigitcanlar et al. (2020), Al enables the implementation of policies based on
facts, optimizes some administrative activities, and improves citizen engagement through
participatory platforms. But as highlighted by Phillips & Jiao (2023), moral aspects are
equally important and they require accountability and participatory frameworks. (Phillips
& Jiao, 2023; Yigitcanlar & Desouza, 2020)

2.1.5. Safety and Security

Through the use of sophisticated surveillance tools and predictive threat models, Al boosts
cybersecurity and security in general (Kabir et al., 2021). Al that operates in an explainable
manner makes responsibility possible thus reducing concerns on algorithmic discrimination
and privacy infringements (Afroogh et al., 2024; Ngesa, 2024).

2.1.6. Ethical and Social Implications

The implementation of Al technology in the context of smart cities raises numerous moral
problems such as privacy, justice, and the digital gap. In this regard, several studies point
out the need for adequate regulatory frameworks (Ejjami, 2024). However, a further study
suggests that it is possible to find a middle ground through division of work aimed at
addressing such inequities while also reaping the benefits of technological advancements
(Allam & Dhunny, 2019).

The paper highlights the function of Al in smart cities development in the areas of mobility,
energy, governance and public safety. However, it is possible to overcome obstacles if one
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applies strategic partnerships and ethical principles: such synergies can enhance the impact
of Al on urbanisation processes.

2.2. Research Gaps in Al Applications for Smart Cities

In a move that can redefine the cities of the future as we have known them to be, Al
integration into processes and functioning can be revolutionary but it doesn’t come all easy.
A fact that remains absolutely clear is the need to address such barriers as a means of
boosting Als prospects, and validation of social justice models of development. This review
assembles major obstacles and provides guidance on the research and implementation in
the future. See Figure 1

Figure 1: Research Gaps in AI Applications for Smart Cities

Source: Compiled by the author
2.2.1. Ethical and Privacy Concerns

Although there are many conversations around ethical artificial intelligence, there seems to
be a lack of frameworks for implementation that can help cities manage biases, safeguard
data, and limit the risks posed by surveillance. Previous studies do not clearly address how
best to combine ethical values with the design and realization of Al systems in cities
(Ejjami, 2024; Phillips & Jiao, 2023). Besides, ethical issues differ from a region to the
other due to sociocultural and regulatory peculiarities. Adapting ethical frameworks to suit
such contextual differences is yet to receive much attention in urban Al studies. (Kabir et
al., 2021).

2.2.2. Limited Focus on Developing Regions

It seems that the majority of the literature regarding Al in smart cities is concentrated on
city areas that are technologically rich and ignores the pressing issues that low resource
settings are dealing with. More work needs to be done on how artificial intelligence can be
effectively applied in cities that have scanty resources and funding (R. Wolniak & K.
Stecula, 2024). Also, the concept of digital exclusion is an aspect that is yet to receive
enough attention since marginalized sections of society are excluded from using Al
technologies for cost and infrastructure reasons. There is a need for focused research that
aims at designing strategies that will promote the closing of the digital gap (Allam &
Dhunny, 2019; Ejjami, 2024).
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2.2.3. Integration of Emerging Technologies

Though Al, 10T, blockchain and 5G are many times analysed as single forms With so many
studies focusing on these forms in isolation it is clear that there is a gap in finding how
these forms would be able to join together so as to form a complete amalgam A combination
such as this could help in smooth functioning of processes within cities however in the
current body of research no clear mention is made of the need and the solutions to the issues
dealing with the technicalities of them coming together. Moreover very few studies focus
on the need for design innovations to enable the integration of cutting edge technology like
guantum computing and edge Al which would be needed to create wholly future focused
urban environments (Alsabt et al., 2024; Band et al., 2022; Camacho et al., 2024).

2.2.4. Citizen-Centric Approaches

The bulk of the recent studies on Al tools deployed in smart cities do not consider how
citizens as smart technology users influence the development of these tools, preferring
instead to focus on the top-level perspective of artificial technologies. The role of the
citizens in the design of Al applications that could increase public confidence and public
participation is barely addressed (Yigitcanlar & Desouza, 2020). Also, the sociocultural
context shaping the process of Al embedding into an urban environment, for example
urbanites’ attitudes towards and experiences with Al systems, are not sufficiently
elaborated on in the literature (Ejjami, 2024; Phillips & Jiao, 2023).

2.2.5. Resilience and Sustainability

The Integration of Artificial Intelligence into Climate Change Resilience and Sustainability
measures can potentially usher in unmatched effectiveness. The nations can enhance their
expectancies particularly with regard to their cities' removability; however, the literature
on this area is scant (Camacho et al., 2024). In addition, there are very few studies that
offer a measurable assessment of what Al has done in regard to the sustainability purposes,
energy consumption, and reduction of carbon emissions (Alsabt et al., 2024; Impedovo &
Pirlo, 2020).

2.2.6. Scalability and Interoperability

Local implementation and scaling of Al solutions within an urban setting remains an
understudied topic, despite being central to the majority of the conducted studies focused
primarily on Al pilot projects. This absence also generates restrictions around the
operationalization of Al over urban systems (Alsabt et al., 2024). In the same way,
integration issues do not receive enough focus, revealing disintegrated ai based systems
across the different urban spheres, thus making city management impossible to coordinate
(Band et al., 2022; Zaidi & Ajibade, 2023).

2.2.7. Economic and Policy Analysis

As of now, not much has been established regarding the economic viability regarding the
large-scale integration of Advanced Robotic Systems within the concept of smart cities.
Existing theories seem to ignore conducting a detailed long-term cost to return ratio of
system implementation, and rather settle at the baseline installation cost of Al integration
systems (Ejjami, 2024). Furthermore, there are no clear guidelines for worldwide Al
policies that could diplomatically assist cities in developing well rounded protocols for the
responsible and beneficial use of Al technology (Phillips & Jiao, 2023).
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Fulfilling these research needs is crucial to enable and realize the possibilities that Al has
to offer in the context of smart urban cities. Subsequent pages of literature should be
seeking to combine Al with within cities that are expanding Al technology. Together
designing ethical smart cities using Al that would be scalable among cities.

3. Analytical Framework for Al Applications in Smart Cities

This purpose analytic framework model adds to the understanding of the factors,
technologies, problems as well as the prospects of Artificial Intelligence (Al) in smart urban
centers. It targets some of the areas where social economy and ethical concern is offset by
innovations made possible by Al. Al has become a fundamental tool in developing smart
cities by providing creative ways of solving urban issues Al. Thus, this purpose analytic
model seeks to find answers to the various roles that Al has in smart cities considering the
significant aspects, integration of technology, problems, and plan of action for its practical
and responsible use.

The proposed Analytical framework of Artificial Intelligence in Smart Cities is presented
in Figure 2.

Figure 2: The Analytical framework of Artificial Intelligence in Smart Cities

Al Applications In
Smart Cities

Source: Compiled by the author

3.1. Dimensions of Al in Smart Cities. See Figure 3 and Table 1
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Figure 3: Dimensions of Al in Smart Cities

il Ethical &
Social

Implications

Energy & ‘
03 Environment

Source: Compiled by the author from (Camacho et al., 2024; Ejjami, 2024; Kabir et

al., 2021; Luckey et al., 2021; Szpilko et al., 2023; Yigitcanlar & Desouza, 2020)

Table 1: Dimensions of AT in Smart Cities (Applications and Challenges)

urban planning and resource
allocation.

Dimensions Applications Challenges
- Real-time data collection .
. - Data privacy concerns.
and processing.
Urban Data - Big Data analytics for
Management g y - Integration of heterogeneous

data sources.

Transportation &
Mobility

- Traffic prediction and
congestion management.

- Integration of autonomous
vehicles and drones.

- Infrastructure readiness for
autonomous systems.

- Regulatory and safety
concerns.

Energy &
Environment

- Smart grids for energy
distribution.

- Al-powered environmental
monitoring and waste
management.

- High costs of implementation.

- Need for predictive
maintenance and skilled
workforce.

Governance &
Public Services

- Data-driven policy-making.

- Automation of
administrative tasks.

- Enhancing citizen

- Ethical concerns in automated
decision-making.

- Ensuring inclusivity and
fairness.

divide and ensuring equity.

engagement.
- Cybersecurity - Balancing security with
i enhancements. privacy concerns.

Safety & Security -

- Advanced surveillance and . .

- Risks of algorithmic bias.

emergency systems.

- Frameworks for fair Al - Ethical dilemmas surrounding
Ethical & Social adoption. surveillance and data usage.
Implications - Addressing the digital

- Resistance to Al adoption.
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Source: Compiled by the author from (Camacho et al., 2024; Ejjami, 2024; Kabir et
al., 2021; Luckey et al., 2021; Szpilko et al., 2023; Yigitcanlar & Desouza, 2020)

3.1.1. Urban Data Management: Al alters how cities handle data by turning information
into insights that can be acted on. Through IoT, public platforms, and even mobile devices,
a large amount of data is produced, and real-time Al makes use of it all. Such enables urban,
resource, and emergency planning to be data based rather than a blind guess. Methods of
big data combined with algorithms of machine learning complex visualization and easy-
pace decision making (Luckey et al., 2021). Further explainable Al architectures assist
with the decision-making rationale as well, allowing city managers, as well as residents, to
understand the decisions made by smart systems and not only respect but trust their usage
(Bibri et al., 2024).

3.1.2. Transportation and Mobility: Al gaining tremendous support in urban planning
which reduces congestion, eases transportation, improves traffic-flow and optimizes public
transportation. But the way forward dominated by Al innovations comes in the form of AV,
EV and drones it differentiates the service levels. Moreover, the modeling techniques
increase the share of properly rotated fleets which leads to improved navigation and
environmental benefits (Makahleh et al., 2024; Olayode et al., 2023).

3.1.3. Energy and Environmental Sustainability: Al considers the need for sustainability
while improving energy management systems, incorporation of renewables, and
environmental quality control. Smart grids utilize Al to achieve greater efficiency between
energy supply and demand while minimizing losses and facilitating price fluctuations
(Camacho et al., 2024). Ai environmental monitoring systems can georeferenced issues
concerning water or air quality at a given point in time, as well as forecast risk occurrence
enabling effective management of urban bio-geospheres (Impedovo & Pirlo, 2020).

3.1.4. Governance and Public Services: The utilization of smart cities’ comprehensive
data through AI’s analytical capability aids in effective decision-making and enhances the
relationships between the people. Thanks to Al, policies are more often based on data,
allowing a government to be more proactive in the scope of the city (Yigitcanlar &
Desouza, 2020). The promotion of citizens’ engagement in transparency and decision-
making processes is enhanced through the use of Al driven participatory platforms.
However, the existence of ethical Al governance of all these remains a marked area of
concern especially in as much as biases and accountability are concerned. (Zaidan &
Ibrahim, 2024).

3.1.5. Public Safety and Security: Al improves safety of the public through superior
surveillance systems, predictive policing and cybersecurity strategies. Al resources
enhance the welfare of society by providing mechanical CCTV, facial recognition, anomaly
detection and emergency response systems. Moreover, predictive models reduce the risks
of natural disasters and cyber threats (Dunsin et al., 2024; Kabir et al., 2021). Nonetheless,
the fear of privacy violation as well as misuse of data still requires an effective regulatory
framework (Phillips & Jiao, 2023).

3.1.6. Ethical and Social Implications

The role of Al in smart cities is extremely sensitive with regard to ethical dimensions such
as privacy, fairness and digital inclusion. Researches narratives point out the need of
comprehensive regulatory mechanisms (Ejjami, 2024; Radostaw Wolniak & Kinga

Stecula, 2024). It is understood that technological advances are pursued in ways which do
not compromise social justice (Abdulrahim, 2024; Allam & Dhunny, 2019).

3.2. Challenges of Al Adoption in Smart Cities. See Figure 4
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Al technologies employed in smart cities incorporate machine learning, natural speech
understanding, computer vision, and reinforcement learning. These are frequently
combined with 10T infrastructure and cloud systems to facilitate instantaneous computing
and data integration (Band et al., 2022; Regona et al., 2022; R. Wolniak & K. Stecula,
2024). Autonomous vehicles, drones and other autonomous systems are sophisticated
technologies that enhance logistics, healthcare and urban management (Ejjami, 2024;
Sanchez et al., 2024; Skubis et al., 2024). Al integration in smart cities is also full of
challenges and obstacles. Such ethical issues, lack of basic infrastructure, economic level,
and technical capabilities need to be resolved before Al technologies could be applied
reasonably and fairly in a metropolitan area context.

Figure 4: Challenges of AI Adoption in Smart Cities

Source: Developed by the authors.
3.2.1. Ethical and Privacy Concerns

Al-based methods take a huge amount of personal information in smart cities which raises
quite a few ethical questions and concerns over privacy. The deployment of surveillance
technologies like facial recognition and predictive policing only fuel anxieties of abuse and
violation (Phillips & Jiao, 2023; Tao et al., 2022). Furthermore, opacity in Al-based
decision-making creates issues of accountability, and discriminatory algorithms reinforce
societal prejudices in the most sensitive fields of public safety and resource distribution,
among others (Kabir et al., 2021; Murikah et al., 2024).

3.2.2. Infrastructure Deficits

Facility is essential for the implementation of Al systems and includes the likes of 10T
networks, connectivity and computation resources. Until now, a lot of cities, especially in
the Global South, have not been able to guarantee the required technological layer for Al
deployment. These infrastructure deficiencies limit the potential of Al in the supervision of
urban systems — control of traffic flows, management of the energy sector and public
services provision — by precluding real time data collection and analysis (Nguyen et al.,
2024; Rashid & Kausik, 2024; R. Wolniak & K. Stecula, 2024).
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3.2.3. Socio-Economic Inequalities

The issue of the digital divide is therefore one of the most troubling in ensuring the fairness
of Al adoption in smart cities. Underprivileged groups for instance lack any technology,
hard infrastructure, or digital skills that can help them make use of Al-based services. Such
marginalization has the potential to aggravate socio-economic inequalities and reduce the
degree of social good to be derived from smart city projects (Colding et al., 2024; Ono et
al., 2024; Ye & Yang, 2020). Furthermore, the deployment and operational costs of Al
systems seem to be a heavy weight for such cities that are already working on a tight budget
which in turn makes the situation worse (Ejjami, 2024; Khanna et al., 2022).

3.2.4. Interoperability Challenges

The absence of unified guidelines and structures for implementing Al across different urban
verticals leads to compartmentalization and redundancies. Infrastructures for Al usage in
transportation, health care, and energy resources management are frequently isolated from
one another’s context which greatly influences their ability to cooperate and exchange data
(Band et al., 2022; R. Wolniak & K. Stecula, 2024). Such barriers to interoperability are
significant bottleneck constraints on creating integrated smart city solutions which are able
to concurrent solve several problems of metropolitan character (Zaidi & Ajibade, 2023).

3.2.5. Scalability Issues

Even though numerous Al uses in smart cities are implemented in trials, expanding such
solutions extends to city-wide or regional deployments at scale, it becomes a tall order. The
absence of scalable models and frameworks constrains the wider outreach of the Al
initiatives, and thus their general applicability across different urban settings is hindered
(Alsabt et al., 2024; Dahmane et al., 2024; Kuguoglu et al., 2021).

3.2.6. Ethical and Legal Policy Gaps

The rapid advancement of Al technologies often outpaces the development of
comprehensive policies and regulations. Without adequate legal frameworks, issues such
as data governance, cybersecurity, and accountability remain unresolved. Policymakers
struggle to balance innovation with safeguards that protect citizens’ rights and ensure
equitable outcomes (Phillips & Jiao, 2023; Roberts et al., 2021).

3.2.7. Resistance to Adoption and Behavioral Barriers

Public acceptance of Al-backed technology is however constrained mainly by order
perception and distrust. The misplaced fear of data insecurity, privacy loss, and job shortage
work as barriers to the acceptance of Al in smart cities. Also, low levels of citizen
engagement in the design and implementation stages reduces Al systems’ operational fit
with the public (Hafiz Muhammad Wasif et al., 2024; Morake et al., 2024; Yigitcanlar
& Desouza, 2020).

It is important to address such challenges and limitations in order to unlock the full potential
of Al in smart cities. For instance, by dealing with ethical issues, infrastructural deficits,
integration challenges, and inequality gaps, stakeholders can ensure Al applications are
holistic and of great significance. Developers, policy makers, and urban bulk planners need
to work together to establish robust, affordable, smart techno structures that improve city
life without undermining basic freedoms.

3.3. Future Directions for Al in Smart Cities. See Figure 5
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As Acrtificial Intelligence (Al) continues to change the paradigm of smart cities, subsequent
developments should aim to solve the problems existing now as well as explore the new
frontiers for providing sustainable, equitable and effective urban ecosystems. The section
provides specific approaches as well as possible research directions which can enhance the
development of Al in the context of smart cities.

Figure 5: Future Directions for Al in Smart Cities

Sustainability

Source: Developed by the authors.
3.3.1. Ethical Al Implementation

The integration of Al solutions into the fabric of smart cities should be driven by the
establishment of central and specific ethical principles guaranteeing fairness, transparency
and non-discrimination. Future studies should aim to formulate situational codes of ethics
for various cities focusing on algorithmic discrimination, surveillance practices and privacy
concerns. Explainable Al (XAIl) seems to be a useful technology in this respect because it
could enhance trust by making decision making fairer and more accountable. Moreover,
ethical norms that should be followed by a detailed development of Al system design could
include the incorporation of citizen views and feedback to ensure that society's needs are
met. A participatory approach to Al policymaking can further enhance endorsement by the
public (Chauncey & McKenna, 2024; Majeed & Hwang, 2024; Nwakanma et al., 2023;
Phillips & Jiao, 2023; Salman et al., 2024).

3.3.2. Advanced Infrastructure Development

In smart cities, infrastructure that is ready for the future is essential for the expansion of Al
applications. It would be important to make investments into increasing loT coverage,
implementing 5G networks, as well as implementing edge facilities This would help
improve efficiency in areas such as traffic management, energy distribution, and public
safety. In addition, when planning infrastructure, a priority needs to be given to the use of
renewables and smart grids. Al predictive maintenance will also help to optimize the use
of the infrastructure thus lowering costs and reducing the time lost due to maintenance.
Plans should take into account additional adaptive systems that correspond to the rate of
technological development (Camacho et al., 2024; Impedovo & Pirlo, 2020; Zaidi &
Ajibade, 2023).

3.3.3. Inclusive Al Strategies
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In order to make sure Al is fairly accessible to all individuals regardless of their social
status, UAL should aim to reduce the digital gap within society. Further programs should
aim at subsidizing purchase of devices as well as electronics for the less privileged while
running literacy programs to help equip the citizens to use Al systems. Undoubtedly, such
policies need to be focused on inclusion so that the proceeds from smart city developments
are not a preserve of the discriminated social classes only. In addition, it is important to
also seek out more community-based Al approaches that directly support the needs and
interests of the community, encouraging them to feel more ownership of the solutions
(Allam & Dhunny, 2019; Ejjami, 2024; Phillips & Jiao, 2023).

3.3.4. Integration of Emerging Technologies

To create effective urban systems, there is a need for the integration of Al, 10T, blockchain
and 5G. Future works must aim towards finding common standards which allow these
systems to work together. 5G can do a lot to improve latency of Al systems which can also
utilize blockchain for data management. Moreover, edge computing will further improve
the 5G systems and promote real-time communication. Enhancing the applications of Al in
areas such as disaster recovery and energy systems. Research should also take into account
the synergy of these technologies in solving urban problems (Band et al., 2022; Camacho
et al., 2024; Zaidi & Ajibade, 2023).

3.3.5. Climate Resilience and Sustainability

The merging of Artificial intelligence with other cutting-edge technologies including 10T,
blockchain and 5G is necessary, for the creation of cohesive urban ecosystems. Future
research ought to aim at the establishment of interoperability standards that will support
integrated working of these systems. For example, these Al systems would certainly benefit
from blockchain's secure storage and 5G's communication capacities. Edge computing for
Al applications will also be useful in time-critical environments such as energy
management and emergency response. Research must include the aggregate potential of
these technologies in solving urban problems as well (Alsabt et al., 2024; Camacho et al.,
2024; Impedovo & Pirlo, 2020).

3.3.6. Multi-Stakeholder Collaboration

Inter-institutional collaboration across governments, private sectors, academia, and civil
society is essential for successfully deploying and enhancing Al innovations in smart cities.
Cities are more likely to adopt these state-of-the-art technologies efficiently due to the
cooperation and coordination with the private sector that is afforded by public— private
partnerships (PPPs). Research on Al in such cities is possible because of the academic
community while community organizations make sure that the solutions are always context
tailored. Collaborative models must encompass elements of accountability and trust with
respect to decision making processes in order to gain the trust of the other stakeholders
(Alsabt et al., 2024; Yigitcanlar & Desouza, 2020; Zaidi & Ajibade, 2023).

These future directions emphasize the need for ethical frameworks, robust infrastructure,
inclusive strategies, and interdisciplinary collaboration. Addressing these areas will enable
Al to transform smart cities into sustainable, resilient, and equitable urban environments.

3.4. Strategic Recommendations for Al in Smart Cities. See Figure 6

The successful integration of Al into smart cities highly relies on the strategic
recommendations provided. Among others, these strategies seek to resolve and prioritize
ethics, collaboration, inclusivity, infrastructure and sustainability challenges, while at the
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same time maximizing the benefits of Al. This section gives practical ideas that can help
shape the advancement of the just, the efficient and the robust Al urban systems.

Figure 6: Strategic Recommendations for Al in Smart Cities

Promote

Climato
Resilience

Source: Developed by the authors.
3.4.1. Develop Ethical and Inclusive Al Frameworks

Ethical considerations are paramount for the successful deployment of Al in smart cities.
To address issues such as bias, privacy violations, and algorithmic discrimination, robust
ethical frameworks should be established. These frameworks must be operationalized,
providing clear guidelines for Al system design, implementation, and monitoring. Regional
and cultural contexts should also be considered to ensure inclusivity and fairness across
diverse urban populations. For example, Explainable Al (XAI) should be incorporated to
enhance transparency and build public trust (Luckey & Fritz, 2020; Phillips & Jiao,
2023). Additionally, participatory approaches that involve citizens in Al policymaking and
evaluation can foster inclusivity and accountability (Yigitcanlar & Desouza, 2020).

3.4.2. Invest in Future-Ready Infrastructure

Building advanced and adaptable infrastructure is crucial for the successful adoption of Al
in smart cities. Investments should focus on expanding loT networks, upgrading high-speed
connectivity through 5G, and integrating edge computing capabilities to process data
locally and in real time. Infrastructure development must also emphasize sustainability,
incorporating renewable energy sources and energy-efficient designs to align with climate
goals. Smart grids powered by Al should be further researched and implemented to
optimize energy distribution and reduce wastage (Camacho et al., 2024; Impedovo &
Pirlo, 2020).

3.4.3. Foster Multi-Stakeholder Collaboration

Collaboration among governments, private sectors, academia, and civil society is essential
to accelerate Al innovation and deployment. Public-private partnerships (PPPs) can pool
resources and expertise to scale Al applications effectively (Haidar, 2024; Sinha & Lee,
2024; Tiwari et al., 2024). Academia should be involved in conducting research on
emerging Al technologies, while community organizations can provide insights into local
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needs and preferences, ensuring that Al systems are citizen-focused. Successful
collaboration models, such as those implemented in transport and energy sectors, should
be replicated in other areas to achieve a cohesive smart city ecosystem (Alsabt et al., 2024;
Zaidi & Ajibade, 2023).

3.4.4. Standardize Interoperability Protocols

The lack of standardization across Al systems hinders seamless integration and scalability
in smart cities. Universal protocols should be developed to enable interoperability between
Al technologies used in different urban sectors, such as transportation, energy, and public
safety. These standards will facilitate data sharing and collaboration between Al systems,
improving overall urban management efficiency. Moreover, scalable Al models should be
designed to transition from pilot projects to city-wide implementations (Alsabt et al., 2024;
Band et al., 2022).

3.4.5. Address Socio-Economic Inequalities

Al strategies must prioritize bridging the digital divide to ensure that all urban residents
can benefit from smart city innovations. Policymakers should implement initiatives to
provide affordable internet access and smart devices for underserved communities.
Additionally, digital literacy programs are necessary to empower citizens with the skills
needed to engage with Al-driven systems effectively. Research on inclusive Al models and
policies that address socio-economic disparities should be expanded to create equitable
urban environments (Allam & Dhunny, 2019; Ejjami, 2024).

3.4.6. Promote Research on Climate Resilience

Al can play a critical role in enhancing urban resilience to climate change impacts, yet this
potential remains underexplored. Future research should focus on developing Al-powered
models to predict and mitigate climate risks such as floods, heatwaves, and rising sea levels.
Additionally, Al applications should include sustainability metrics that quantify
contributions to goals such as carbon reduction and resource efficiency (Camacho et al.,
2024; Impedovo & Pirlo, 2020; Singh & Goyal, 2023).

Strategic recommendations for Al adoption in smart cities emphasize the need for ethical
frameworks, robust infrastructure, collaborative partnerships, and inclusive policies.
Addressing these priorities will ensure that Al-driven urban systems are equitable,
sustainable, and resilient to future challenges.

In conclusion this analytical framework for Al Applications in Smart Cities
provides a detailed roadmap for understanding and leveraging Al in smart cities. It
highlights key dimensions, technologies, challenges, future directions and actionable
strategies, offering insights for policymakers, urban planners, and researchers to foster
sustainable and inclusive urban development.

4, Conclusion

The application of machines and Artificial Intelligence in smart cities offers a wide-array
of idea on how to improve urban life however, This research is aimed at enabling programs
in smart cities that are very sustainable and such that they can not only enhance the
management of the city but also enable the development of the society as a whole.Currently
there exist major concerns that societies have with the smart city framework considering
the technology can easily be misused. These detect the great need of morales which are to
say theorized about and subsequently strong enough yet flexible enough to adjust to the
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rapidly changing smart cities. In the best case scenario all involved parties the citizens, the
tech lovers and the governing authorities can have assurance that the ai programs are going
to be fair and functioning as designed.

In addition, addressing the digital gap is still an important challenge when it comes to Al
tools implementation within smart cities. Economic differences, for example, tend to be the
sources of the deprivation of such critical technologies required for smart city systems,
which explains why many people in different countries do not optimally benefit from Al.
Moreover, there are communities which are underserved that can get missing altogether
and there will only be wider gaps left behind. This study emphasises the need for policies
and strategies that are more inclusionary and ensure that Al technologies and the digital
skills necessary to use such technologies are made available to everyone as the benefits of
Al do not descend to all of its intended recipient populations in equal measures. By closing
such gaps, cities will be in a position to leverage on Al and reorient the city to become an
all-rounded sustainable urban centre which is beneficial to all people living there.

The astounding research outcomes indicate that there’s no turning back; the world must
create a strong, Al enabling infrastructure which carries promising hopes for the future.
What appears to support this notion is the integration of 10T systems, 5G wireless networks
and, edge computing so as to provide swifter solutions to multiple problems. These systems
will improve operational performance in a number of industries, including transportation,
energy management, and national security. Other opportunities from the use of Al include
the integration of blockchain, predictive analytics and the creation of information interfaces
for smart cities. This new technology will promote the fight for sustainability by increasing
resources efficiency and given the current climate resilience challenges, how to cope or
recover from extreme weather and reduce carbon emissions from cities.

Collaborations with relevant stakeholders are also crucial in ensuring that Al in smart cities
is unlocked to its fullest possible potential. Al systems can be created and deployed in a
way that fits community requirements if governments, private enterprises, academia, and
civil society combine their efforts. This study emphasizes the importance of participatory
governance models that engage citizens in contributing to the formulation of the Al policies
and application. This approach increases the level of trust of the public but also guarantees
that the Al systems developed respond to the needs and values of the people. Furthermore,
the involvement of multiple stakeholders eases resource mobilization and expertise
reaching, thus hastening the advent of affordable and effective Al solutions.

The strategic recommendations made in this research are therefore practical and can help
in tackling the challenges and barriers that have been revealed. In this regard, ethical Al
decision making frameworks, investments into infrastructure that can evolve as
technologies develop, and construction of data sharing standards will be needed. Policies
are important not only to get rid of the digital gap but also to enhance fair opportunities to
benefit from Al-based innovations. If these strategies are put into practices, it means that
cities will be able to stand the balance between social responsibilities and technological
improvements, thus making the deployment of Al systems to be of value in urban
development

In summary, this research offers a perspective in which the understanding of Al as applied
in smart cities is well integrated into the implementation of Al in smart cities. The
realization of AI’s ambitions as a foundational technology in construction of smart, green
and rich areas can be in overcoming ethical, infrastructural, socio - economic challenges
whilst taking on opportunities of the future. The results and conclusions reached in this
study form the basis for the rational integration of urban development, cooperation and
technology in creating future urban systems. Integrating Al in novel ways should remain
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the aim of the future work so as not to waste its immense power in making change to
peoples’ lives.

5. Bibliography

1.

2.

10.

11.

12.

13.

14.

15.

16.

Abdulrahim, A. S. (2024). Reduction of Crimes in Dubai with the use of Artificial
Intelligence Rochester Institute of Technology].

Afroogh, S., Akbari, A., Malone, E., Kargar, M., & Alambeigi, H. (2024). Trust in Al:
progress, challenges, and future directions. Humanities and Social Sciences
Communications, 11(1), 1-30.

Allam, Z., & Dhunny, Z. A. (2019). On big data, artificial intelligence and smart cities.
Cities, 89, 80-91. https://doi.org/10.1016/j.cities.2019.01.032

Alsabt, M., Adenle, Y. A., & Kakeeto, A. K. (2024). Exploring the roles, future impacts,
and strategic opportunities of artificial intelligence in smart cities. Journal of Urban
Computing and Systems, 45(3), 456-472. https://doi.org/10.1177/15374760221007482
Band, S. S., Ardabili, S. F., & Mosavi, A. (2022). When smart cities get smarter via
machine learning: An integrative review. Smart Sustainable Cities, 20(5), 89-103.
https://doi.org/10.1016/j.ss¢.2021.04.020

Bibri, S. E., Huang, J., Jagatheesaperumal, S. K., & Krogstie, J. (2024). The synergistic
interplay of artificial intelligence and digital twin in environmentally planning
sustainable smart cities: a comprehensive systematic review. Environmental Science
and Ecotechnology, 100433.

Camacho, F. T., Aguirre, E., & Ramirez, M. A. (2024). Leveraging artificial intelligence
to bolster the energy systems of smart cities. Renewable Energy and Smart Cities
Review, 12(4), 321-339. https://doi.org/10.1016/j.rescsr.2023.07.002

Chauncey, S. A., & McKenna, H. P. (2024). Creativity and Innovation in Civic Spaces
Supported by Cognitive Flexibility When Learning with Al Chatbots in Smart Cities.
Urban Science, 8(1), 16. https://doi.org/https://doi.org/10.3390/urbansci8010016
Colding, J., Nilsson, C., & Sjoberg, S. (2024). Smart Cities for All? Bridging Digital
Divides for Socially Sustainable and Inclusive Cities. Smart Cities, 7(3), 1044-1059.
Dahmane, W. M., Ouchani, S., & Bouarfa, H. (2024). Smart cities services and
solutions: A systematic review. Data and Information Management, 100087.

Dunsin, D., Ghanem, M. C., Ouazzane, K., & Vassilev, V. (2024). A comprehensive
analysis of the role of artificial intelligence and machine learning in modern digital
forensics and incident response. Forensic Science International: Digital Investigation,
48, 301675.

Ejjami, S. (2024). Al-driven smart cities in France: Opportunities and challenges.
Urban Studies and Smart Innovations, 13(1), 51-66.
https://doi.org/10.1177/00420980221035635

Hafiz Muhammad Wasif, R., He, Y., Hafiz Muhammad Usman, K., & Junaid, K. (2024).
What drives the adoption of artificial intelligence among consumers in the hospitality
sector: a systematic literature review and future agenda. Journal of Hospitality and
Tourism Technology, 15(2), 211-231. https://doi.org/https://doi.org/10.1108/JHTT-02-
2022-0045

Haidar, A. (2024). An Integrative Theoretical Framework for Responsible Artificial
Intelligence. International Journal of Digital Strategy, Governance, and Business
Transformation, 13(1), 1-23. https://doi.org/https://doi.org/10.4018/IJDSGBT.334844
Impedovo, D., & Pirlo, G. (2020). Artificial intelligence applications to smart city and
Internet of Things environments. Information Sciences, 524, 485-500.
https://doi.org/10.1016/5.ins.2020.02.060

Kabir, A., Hasan, A., & Miah, M. (2021). Explainable artificial intelligence for smart
city governance: Ethical and operational challenges. Al & Society, 36(2), 345-360.
https://doi.org/10.1007/s00146-020-01023-1

Migration Letters


https://doi.org/10.1016/j.cities.2019.01.032
https://doi.org/10.1177/15374760221007482
https://doi.org/10.1016/j.ssc.2021.04.020
https://doi.org/10.1016/j.rescsr.2023.07.002
https://doi.org/https:/doi.org/10.3390/urbansci8010016
https://doi.org/10.1177/00420980221035635
https://doi.org/https:/doi.org/10.1108/JHTT-02-2022-0045
https://doi.org/https:/doi.org/10.1108/JHTT-02-2022-0045
https://doi.org/https:/doi.org/10.4018/IJDSGBT.334844
https://doi.org/10.1016/j.ins.2020.02.060
https://doi.org/10.1007/s00146-020-01023-1

950 The Analytical Framework Of Artificial Intelligence In Smart Cities: Dimensions, Challenges,
Future Directions And Strategic Recommendations

17. Khanna, N. N., Maindarkar, M. A., Viswanathan, V., Fernandes, J. F. E., Paul, S.,
Bhagawati, M., Ahluwalia, P., Ruzsa, Z., Sharma, A., & Kolluri, R. (2022). Economics
of artificial intelligence in healthcare: diagnosis vs. treatment. Healthcare,

18. Kovaci¢, M., Mutavdzija, M., & Buntak, K. (2022). New Paradigm of Sustainable
Urban Mobility: Electric and Autonomous Vehicles—A Review and Bibliometric
Analysis. Sustainability, 14(15), 9525. https://www.mdpi.com/2071-1050/14/15/9525

19. Kuguoglu, B. K., van der Voort, H., & Janssen, M. (2021). The giant leap for smart
cities: Scaling up smart city artificial intelligence of things (AloT) initiatives.
Sustainability, 13(21), 12295.

20. Luckey, D., Fritz, H., Legatiuk, D., Dragos, K., & Smarsly, K. (2021). Artificial
intelligence techniques for smart city applications. Proceedings of the 18th International
Conference on Computing in Civil and Building Engineering: ICCCBE 2020,

21. Luckey, F., & Fritz, J. (2020). Artificial intelligence techniques for smart city
management. Journal of Smart Systems and Urban Management, 7(2), 122-134.
https://doi.org/10.1016/j.jssum.2020.04.005

22. Majeed, A., & Hwang, S. O. (2024). A Data-Centric Al Paradigm for Socio-Industrial
and Global Challenges. Electronics, 13(11), 2156.
https://doi.org/https://doi.org/10.3390/electronics 13112156

23. Makahleh, H. Y., Ferranti, E. J. S., & Dissanayake, D. (2024). Assessing the Role of
Autonomous Vehicles in Urban Areas: A Systematic Review of Literature. Future
Transportation, 4(2), 321-348.

24. Morake, O., Meng, Q., Agyemang, K. S., & Kyere, F. (2024). Influencing Factors and
Promotion Strategies for the Adoption or Resistance of Prefabricated Buildings by
Construction Companies in Botswana. Buildings, 14(11), 3556.
https://doi.org/https://doi.org/10.3390/buildings 14113556

25. Murikah, W., Nthenge, J. K., & Musyoka, F. M. (2024). Bias and Ethics of Al Systems
Applied in Auditing-A Systematic Review. Scientific African, ¢02281.

26. Ngesa, J. (2024). Tackling security and privacy challenges in the realm of big data
analytics. World Journal of Advanced Research and Reviews, 21(2), 552-576.

27. Nguyen, H., Nawara, D., & Kashef, R. (2024). Connecting the indispensable roles of
IoT and artificial intelligence in smart cities: A survey. Journal of Information and
Intelligence, 2(3), 261-285. https://doi.org/https://doi.org/10.1016/].jiixd.2024.01.003

28. Nwakanma, C. 1., Love Allen Chijioke, A., Njoku, J. N., Odirichukwu, J. C., Stanley
Adiele, O., Uzondu, C., Christiana Chidimma Ndubuisi, N., & Dong-Seong, K. (2023).
Explainable Artificial Intelligence (XAI) for Intrusion Detection and Mitigation in
Intelligent Connected Vehicles: A Review. Applied Sciences, 13(3), 1252.
https://doi.org/https://doi.org/10.3390/app13031252

29. Olayode, 1. O., Du, B., Severino, A., Campisi, T., & Alex, F. J. (2023). Systematic
literature review on the applications, impacts, and public perceptions of autonomous
vehicles in road transportation system. Journal of traffic and transportation engineering
(English edition).

30. Ono, G. N., Obi, E. C., Chiaghana, C., & Ezegwu, D. (2024). Digital Divide and Access:
Addressing Disparities in Artificial Intelligence (Ai) Health Information for Nigerian
Rural Communities. Social Science Research, 10(3).

31. Phillips, B., & Jiao, P. (2023). Artificial intelligence in smart city ethics: A systematic
review. Urban Ethics Review, 29(1), 45-62. https://doi.org/10.1016/j.uer.2022.10.008

32. Rashid, A. B., & Kausik, A. K. (2024). Al revolutionizing industries worldwide: A
comprehensive overview of its diverse applications. Hybrid Advances, 100277.

33. Regona, M., Yigitcanlar, T., Xia, B., & Li, R. Y. M. (2022). Opportunities and adoption
challenges of Al in the construction industry: A PRISMA review. Journal of open
innovation: technology, market, and complexity, 8(1), 45.

34. Roberts, H., Cowls, J., Morley, J., Taddeo, M., Wang, V., & Floridi, L. (2021). The
Chinese approach to artificial intelligence: an analysis of policy, ethics, and regulation.
Springer.


https://www.mdpi.com/2071-1050/14/15/9525
https://doi.org/10.1016/j.jssum.2020.04.005
https://doi.org/https:/doi.org/10.3390/electronics13112156
https://doi.org/https:/doi.org/10.3390/buildings14113556
https://doi.org/https:/doi.org/10.1016/j.jiixd.2024.01.003
https://doi.org/https:/doi.org/10.3390/app13031252
https://doi.org/10.1016/j.uer.2022.10.008

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Mostefaoui Omar et al. 951

Salman, M., Umer, F., Atifa, A., Muhammad Ahsan, R., Ghazal, T. M., & Shadman, S.
(2024). A Critical Review of Artificial Intelligence Based Approaches in Intrusion
Detection: A Comprehensive Analysis. Journal of Engineering, 2024.
https://doi.org/https://doi.org/10.1155/2024/3909173

Sanchez, O., Castafieda, K., Vidal-Méndez, S., Carrasco-Beltran, D., & Lozano-
Ramirez, N. E. (2024). Exploring the influence of linear infrastructure projects 4.0
technologies to promote sustainable development in smart cities. Results in
Engineering, 23, 102824.

Singh, S., & Goyal, M. K. (2023). Enhancing climate resilience in businesses: The role
of artificial intelligence. Journal of Cleaner Production, 418, 138228,

Sinha, S., & Lee, Y. M. (2024). Challenges with developing and deploying Al models
and applications in industrial systems. Discover Artificial Intelligence, 4(1), 55.
https://doi.org/https://doi.org/10.1007/s44163-024-00151-2

Skubis, 1., Wolniak, R., & Grebski, W. W. (2024). Al and Human-Centric Approach in
Smart Cities Management: Case Studies from Silesian and Lesser Poland Voivodships.
Sustainability, 16(18), 8279.

Szpilko, D., Lewczuk, K., & Wojciechowski, M. (2023). Artificial intelligence and its
role in transforming smart city logistics systems. Sustainable Urban Development
Journal, 38(2), 221-238. https://doi.org/10.1016/j.sud;j.2023.02.005

Tao, M., Jiang, R., & Downs, C. (2022). Ethics of Face Recognition in Smart Cities
Toward Trustworthy Al. In Big Data Privacy and Security in Smart Cities (pp. 23-52).
Springer.

Tiwari, R., Babb, C., Tye, M., & Fatmaelzahraa, H. (2024). The Wharf Street Smart Park
Story: A Guide to Navigating Multi-Stakeholder Innovation in Smart Cities.
Sustainability, 16(2), 503. https://doi.org/https://doi.org/10.3390/su16020503

Wang, S. J., & Moriarty, P. (2018). Big data for urban sustainability. Springer.
Retrieved from: https://www. researchgate. net/publication/323940859
Barriers_to _the Implementation of Big Data, on August, 29, 2019.

Wolniak, R., & Stecula, K. (2024). Artificial Intelligence in Smart Cities—Applications,
Barriers, and Future Directions: A Review. Smart Cities, 7(3), 1346-1389.

Wolniak, R., & Stecula, K. (2024). Artificial intelligence in smart cities: Applications
and challenges in global contexts. Urban Technology & Applications, 15(6), 245-262.
https://doi.org/10.1177/15308947231009361

Ye, L., & Yang, H. (2020). From digital divide to social inclusion: A tale of mobile
platform empowerment in rural areas. Sustainability, 12(6), 2424.

Yigitcanlar, T., & Desouza, K. C. (2020). Contributions and risks of artificial
intelligence in smart city development. Journal of Urban Affairs, 42(5), 1-19.
https://doi.org/10.1080/07352166.2020.1735557

Zaidan, E., & Ibrahim, I. A. (2024). Al governance in a complex and rapidly changing
regulatory landscape: A Global perspective. Humanities and Social Sciences
Communications, 11(1), 1-18.

Zaidi, S. A. R., & Ajibade, 1. (2023). New insights into the research landscape on the
integration of Al in smart city systems. Artificial Intelligence and Urban Development,
28(3), 199-215. https://doi.org/10.1016/j.aiud.2022.08.004

Migration Letters


https://doi.org/https:/doi.org/10.1155/2024/3909173
https://doi.org/https:/doi.org/10.1007/s44163-024-00151-2
https://doi.org/10.1016/j.sudj.2023.02.005
https://doi.org/https:/doi.org/10.3390/su16020503
https://www/
https://doi.org/10.1177/15308947231009361
https://doi.org/10.1080/07352166.2020.1735557
https://doi.org/10.1016/j.aiud.2022.08.004

