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The rapid urbanization of the modern world initiated the emergence of
digital cities, where advanced technologies converge to optimize urban
living and address the limitations of a rapidly growing population. Central to
this transformation are digital platforms and cloud computing. These
interconnected technologies aid in shaping the future of urban landscapes,
fostering sustainability, efficiency, and improved quality of life. Digital
platforms serve as the backbone of smart cities, enabling seamless
integration and management of various urban services and systems. One
significant application of digital platforms in smart cities is the
implementation of intelligent transportation systems (ITS). By integrating
real-time traffic data, public transit information, and ride-sharing services,
these platforms facilitate efficient transportation management, reduce
congestion, and decrease carbon emissions. Cloud computing serves as a key
enabler for managing the massive data flows generated by smart city
infrastructures. The scalability and flexibility offered by cloud-based
solutions allow cities to manage their resources efficiently and access
computing power on demand without the need for extensive physical
infrastructure. Cloud computing enhances smart city development by
enabling collaborative data access and interaction among diverse
stakeholders, from government agencies to private firms and residents.
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1. INTRODUCTION

The roots of smart cities trace back to the 1960s and 1970s, when the U.S. Community Analysis
Bureau pioneered data-driven approaches, such as aerial photography, databases, and cluster analysis to
improve service delivery, disaster relief, and poverty intervention. This opened the door for the development
of the first wave of smart cities. In an effort to showcase technology’s influence on daily life, tech companies
developed the idea of early smart cities. With time, this developed into the second wave of smart cities,
which looked at how additional breakthroughs and smart technologies may support integrated urban
solutions. The third wave of smart cities then moved decision-making away from tech companies and
municipal officials and towards a public participation approach that encouraged social inclusion and
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community involvement. The concept of “smart cities” is gaining popularity worldwide to address issues
related to urbanization, environmental sustainability, and economic growth [1]. As more people live in cities
and technology develops, these investments will become more and more crucial [2]. Governments and
business organizations have invested a significant amount of money in smart city projects in recent years.
Figure 1 categorizes the application domains relevant to smart cities. As smart city initiatives advance, the
demand for detailed research into their current state and practical uses continues to grow. Smart cities
incorporate the internet of things (1oT) technology alongside software platforms, user-centric interfaces, and
data communication infrastructures to provide innovative solutions for the general public. To improve sector
efficiency and promote societal and economic well-being, data from these devices is stored either on servers
or in the cloud. These support the development of innovative applications to enhance the general standard of
living for their populace in several areas, such as government services, utilities, healthcare, transportation,
and entertainment [3]. As per reference [4], smart cities are characterized by these attributes:
— Sensors make sense of their surroundings and Sensing data is sent from networked devices to the internet.
— Users who are on the move have access to information at all time and from any location. Through their
social network, users can share the information they find.
— Information is viewed by people on mobile gadgets and also in street displays as the physical
environment has been updated.

The efficiency of urban operations and services, along with competitiveness, impacts the quality of
life. Smart, sustainable city is a feasible and effective solution that leverages information and communication
technologies (ICTs) to meet the needs of current and future generations in economic, social, and
environmental dimensions [5]. The goal of smart cities is to enhance people’s ability to use modern ICT
effectively [6]. A smart city is a system that effectively addresses public issues, promotes sustainable
development, and maximizes human and social capital by interacting with natural and economic resources
through technology-based innovations and solutions [7]. In addition to offering a range of advanced services
in energy, transportation, healthcare, and other sectors, it provides a higher standard of living [8].

Smart
Hospitality

Smart
Education

Figure 1. Application domains related to smart cities

2. DIGITAL PLATFORMS: BUILDING THE FOUNDATION OF SMART CITIES

A smart city, according to the authors [9], is an urban setting that makes use of ICT and other
pertinent technologies to improve the quality of services (QoS) that its residents get and the efficiency of
regular city operations [10]. The primary goal of the initial smart cities was to improve their residents’
quality of life (QoL) by adjusting supply and demand in several functional areas [11]. Urbanization has led to
an increase in demands for QoL. To meet these needs, modern smart cities have a special emphasis on
sustainability, efficient energy management, intelligent mobility, accessible healthcare, and effective
governance [12].

2.1. Integrating urban services through digital platforms

There has been an increasing amount of research on the big data phenomena using volume, velocity,
and other sorts of data [13], [14]. Compared to the huge data gathered by alternative means, the majority of this
data is made up of unstructured requirements [15]. Distributed fault-tolerant databases like SQL are capable of
collecting and storing large volumes of unstructured data in cloud computing environments or data centers,
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enhancing individual services or applications [16]. However, big data analytics (BDA) is still in its infancy as it
relates to smart media and may therefore hold promise for improving services in smart cities [17].

2.2. Data aggregation and analysis for informed decision-making

Digital data must be gathered and analyzed to make decisions that will benefit the public.
To pinpoint issues, gauge advancement, and decide wisely how to distribute resources, cities must place a
high priority on data gathering, analysis, and sharing. Analyzing data can help cities recognise their problems
and create solutions. To minimize congestion, data can be utilized to identify areas of high traffic and create
intelligent transportation solutions. The data flow in smart cities [18] can be easily understood by the
following Figure 2.
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Figure 2. Data flow in smart cities

2.3. Case study: intelligent transportation systems (ITS) revolution

A sustainable resource environment, improved quality of life, and the potential to save lives are all
possible with the intelligent components that smart cities integrate. To elevate the intelligence of smart cities,
technologies like drones, robotics, Al, and 10T are crucial for advancing connectivity, optimizing energy use,
and enhancing service quality. As a result, cooperative drones and the 10T are essential to many smart-city
applications, including those related to weather monitoring, energy conservation, disaster mitigation,
transportation, agriculture, safety and security, and environmental protection. An overview of some of the
newer ideas for enhancing the intelligence of smart cities through the use of 10T and collaborative drones
[18]. Alsamhi et al. [19] provide comprehensive explanations of how these techniques are used in ITSs,
cybersecurity, smart grid energy-efficient utilization, efficient use of unmanned aerial vehicles (UAVs) for
5G and beyond 5G (B5G) communications, and smart healthcare systems within smart cities.

3. CLOUD COMPUTING: ENABLING DATA-DRIVEN URBAN EVOLUTION

As cloud computing and smart cities grow in popularity, companies and consumers are beginning to
recognize the value of smart city cloud service platforms. Cloud systems can store data that is collected by
thousands of smart devices in smart cities, hence enabling data sharing. The data exchange required for
various systems is facilitated by this. The success of cloud computing in terms of cost-effectiveness, global
scalability, performance, dependability and security has made it a necessary component of smart city
technology these days. All data can become more complex in an inefficient cloud system, even while an
efficient cloud system will make everything more accessible [20].

3.1. Empowering data management and analysis

One key component of upcoming smart city application ecosystems is the smart city operating
system (SCOS). Specifically adapted for city scale, the SCOS is aimed to mimic a contemporary computer
operating system, offering uniform abstractions for underlying resources and administration duties. Figure 3
illustrates an ecosystem of cloud-based smart city applications designed to tackle the inherent complexity of
these settings. In a smart city, several providers (transport, electricity, and water) oversee diverse
infrastructures that are maintained by these providers to cater to a variety of stakeholders. These providers
provide extremely dynamic settings in which applications function [21].
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Figure 3. A cloud-based ecosystem for smart city application

3.2. Scalability and flexibility in resource management

A wider ecosystem of smart city applications is supported by the SCOS, which is a good foundation
for addressing the difficulties as shown in Figure 4. To create a base that facilitates effortless expansion and
exceptional scalability, the design adhered to the micro-service architecture approach. An extensible and
evolving system can be achieved with this method, which permits a clear division of responsibilities and acts
as a flexible framework for interaction between SCOS components to create new synergies.
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Figure 4. Smart city operating system (SCOS)

3.3. Collaborative opportunities and stakeholder engagement

One of the most important lessons to be drawn from smart cities is collaboration. Partnerships and
cooperation between many stakeholders, such as governmental bodies, businesses, and individuals, are
essential to the success of smart city projects. Projects must be collaboratively designed to be scalable and
sustainable and to guarantee that all parties are working towards the same objectives [22]. Innovative
approaches to the problems that cities face can be developed through collaborations between public and
private sector entities.

4. 10T SOLUTIONS: INTERCONNECTING URBAN LIFE

A “smart city” is an urban platform that makes use of ICT and related technologies to improve
regular municipal operations and increase citizen QoS. Improving the QoL for citizens by modifying supply
and demand in multiple functional areas was the main objective of the first smart cities.
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4.1. The 10T revolution and ITS impact on urban living

The seed idea of a smart city, which was previously theoretical, became more tangible with the
advent of 10T. The goal of smart cities is to offer their residents better healthcare, security, convenience, and
intelligence. Or, to put it another way, their goal is to raise the standard of living. Technology such as the loT
has the potential to be the greatest disruptive force in human history [23], [24]. 10T represents a more
sophisticated version of conventional networks, enabling seamless connectivity among numerous
interconnected objects. Figure 5 indicates that the 10T provides essential components for a smart city.
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Figure 5. Role of 10T in smart city

4.2. Environmental monitoring for healthier cities

UAVs hold significant potential to benefit society and support a wide range of applications in smart
cities. In order to control civic security, transport traffic, monitor pollution, monitor the environment, and
deliver goods, among other tasks, UAVs can be utilized [25]. The most recent technological and physical
advancements for the smart environmental monitoring and assessment technologies (SEMAT) project are
presented in a new community participation paradigm for the creation of affordable environmental
monitoring devices [26]. Figure 6. shows examples of 10T-based environmental monitoring applications.
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Figure 6. 10T based environmental monitoring applications
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4.3. Enhancing public services through 10T innovation

Managing waste is a common part of smart city programs. Sensor-equipped bins that are cloud-
connected not only alert the appropriate authorities when they need to be emptied, but they also utilize
artificial intelligence (Al) to calculate the most fuel-efficient path. For the electricity grid to monitor and
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regulate the supply of electrical power and to provide efficient demand-side management, load and energy
consumption forecasting is crucial. The authors of [27] have carried it out, determining load up to 24 hours
ahead of time using consumer data gathered in a smart grid.

5.  SUSTAINABLE DEVELOPMENT AND QUALITY OF LIFE
When compared to the ecology of a traditional city, smart cities have multiple benefits [28]

(in terms of value):

- Achieving climate goals: the goal of a smart city is to minimize its carbon footprint and facilitate the
development and application of new technologies that promote cleaner living. It centres on smart energy
management, intelligent mobility, and effective city administration.

- Financial value: by 2025, the market for smart city projects is expected to reach USD 1 trillion [29].
This offers governments and private businesses alike a significant financial incentive to actively
participate in the development of technologies that enable the growth of smart cities.

- Impact on society: the main goals of the smart city initiative are to raise the standard of living for city
dwellers and support the creation of an inclusive society that values diversity and affords everyone equal
opportunities. With their ability to make life easier and enable citizen-city interactions, information and
communication technologies are essential to the delivery of public services in smart city environments.

5.1. Advancements in citizen well-being and comfort

Al and loT are being used extensively in two key areas of health: disease diagnosis and health
monitoring, and activity recognition and fall detection. To monitor a bridge’s health using vibration data in a
cloud environment, Syed et al. [30] use a clustering technique to identify anomalous behaviour groups in
accelerometer measurements taken from a bridge, they employ clustering. Using 0T devices for energy
management, comfort control, and building environment control is the second-way Al may be used to 10T
infrastructure. Utilizing heat flow and electric power data within a building, Prihatmanto et al. [31] and
Sarmadi et al. [32] forecast future energy needs to more effectively control energy usage.

5.2. Addressing data ethics and privacy concerns

An integral part of smart cities is the online operation of vital city infrastructures; any disruption in
this regard would cause inhabitants daily inconveniences as well as endanger their safety and possessions.
As a result, security is a key issue in smart cities. Smart cities face growing threats from malicious
cyberattacks in this day and age when cyberwarfare and cybercrime have become tools in global politics.
In this case, data transported over the network must be encrypted. Energy consumption and environmental
sensor data collected from a building can reveal information about occupancy [33] and possibly personal
identities [34]. Use the standard attack incident taxonomy [35] recommended by the computer emergency
response team (CERT), which was founded by DARPA, to give a uniform framework and vocabulary for
talking about security threats while discussing loT for smart cities.

6. CONCLUSION

An overview of digital platforms, cloud computing, and 10T solutions for smart cities is provided in
this paper. A case study on the revolution of intelligent transport systems is presented, along with a detailed
discussion of the modern smart city transformation, the role of technology in urbanization, the integration of
urban services through digital platforms, data aggregation and analysis for informed decision-making, cloud
computing: enabling data-driven urban evolution, and 10T solutions: connecting urban life, sustainable
development, and quality of life. Potential avenues for future research include devising approaches to
surmount the obstacles related to implementation of smart cities and calculating and contrasting the
advantages and disadvantages of such projects. In conclusion, digital platforms, cloud computing, and loT
technologies may be critical to gathering important data and facilitating decision-making for applications
related to smart cities.
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