
EasyChair Preprint
№ 13114

Intelligent Parking Infrastructure: Harnessing ML
for Efficient Space Utilization

Wahaj Ahmed and Suniti Purohit

EasyChair preprints are intended for rapid
dissemination of research results and are
integrated with the rest of EasyChair.

April 27, 2024



Intelligent Parking Infrastructure: Harnessing ML for Efficient Space 

Utilization 

Wahaj Ahmed, Suniti Prohit 

Rajiv Gandhi University, India 

 

Abstract: 

The efficient utilization of parking spaces is critical for sustainable urban development. This 

research investigates how machine learning can contribute to the creation of intelligent parking 

infrastructure. By deploying AI algorithms for space identification and management, our 

proposed system aims to minimize environmental impact, promote resource efficiency, and 

support the transition towards greener cities. 
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I. Introduction: 

The rapid pace of urbanization in recent decades has brought about a myriad of challenges for 

cities worldwide, with urban mobility emerging as a primary concern. As populations swell and 

economic activities concentrate in urban centers, the demand for transportation infrastructure, 

particularly for private vehicles, has surged. However, the expansion of vehicular traffic has led 

to congestion, air pollution, and inefficiencies in urban transportation systems. Among the 

critical components contributing to these challenges is the management of parking spaces within 

cities. Inefficient parking systems not only exacerbate congestion but also lead to wasted time, 

fuel, and increased emissions, further straining urban mobility[1]. 

Traditional approaches to parking management have struggled to adapt to the dynamic nature of 

urban environments, resulting in underutilized parking spaces and frustrated drivers circling in 

search of available spots. Moreover, the lack of real-time information exacerbates these issues, 

leaving drivers unaware of parking availability and optimal routes. As cities grapple with the 

complexities of urban mobility, there is a growing recognition of the need for innovative 

solutions that leverage technology to address parking challenges effectively. In this context, 

Artificial Intelligence (AI) emerges as a promising tool to revolutionize parking management and 

enhance urban mobility[2]. 



The integration of AI into parking management holds immense potential to optimize the 

allocation of parking spaces, mitigate congestion, and improve the overall efficiency of urban 

transportation systems. By harnessing AI technologies such as machine learning, computer 

vision, and predictive analytics, cities can create dynamic parking solutions that adapt to real-

time demand and provide personalized services to drivers. These AI-driven approaches offer the 

possibility of not only optimizing parking availability but also reducing the environmental 

footprint of urban transportation by minimizing unnecessary vehicle movements and emissions. 

As cities seek sustainable solutions to their mobility challenges, the role of AI in transforming 

parking management becomes increasingly significant[3]. 

II. Current Challenges in Urban Parking: 

Urban parking management faces a myriad of challenges that impede the efficient utilization of 

parking spaces and exacerbate congestion within cities. One of the primary issues is the limited 

availability of parking spaces relative to the growing number of vehicles in urban areas. This 

scarcity of parking spots leads to increased competition among drivers, resulting in circling 

behavior as they search for an available space. Such inefficiencies not only waste time and fuel 

but also contribute to traffic congestion and emissions, further exacerbating urban mobility 

challenges[4]. 

In addition to limited availability, urban parking systems often suffer from inefficient space 

utilization. Traditional static parking systems allocate spaces based on fixed criteria without 

considering real-time demand fluctuations or usage patterns. As a result, many parking spaces 

remain underutilized during certain times while experiencing overcrowding during peak hours. 

This inefficient allocation not only frustrates drivers but also hampers the overall flow of traffic 

within urban areas, leading to gridlock situations and increased travel times[5]. 

The lack of real-time information exacerbates parking challenges for drivers. In many urban 

areas, drivers often lack access to accurate and up-to-date information regarding parking 

availability, pricing, and regulations. This lack of transparency makes it difficult for drivers to 

plan their parking in advance, leading to uncertainty and stress during their journeys. 

Additionally, inadequate signage and navigation systems further compound the problem by 

making it challenging for drivers to locate parking facilities efficiently, resulting in increased 

congestion and pollution as drivers resort to circling or double-parking in search of spots[6]. 

Urban parking management is often plagued by administrative and regulatory barriers that hinder 

the implementation of innovative solutions. Municipal regulations, zoning laws, and bureaucratic 

processes can pose significant obstacles to the adoption of new technologies and parking 

management strategies. Additionally, the fragmented nature of parking governance, with 

multiple stakeholders involved in decision-making, can lead to coordination challenges and 

delays in implementing effective parking policies. Addressing these regulatory and 



administrative barriers is essential to unlocking the full potential of technological innovations, 

such as AI-driven parking solutions, in improving urban mobility and sustainability[7]. 

III. Role of Artificial Intelligence in Parking Management: 

Artificial Intelligence (AI) holds tremendous promise in revolutionizing parking management by 

introducing dynamic, data-driven solutions that adapt to real-time demand and optimize resource 

allocation. One of the key contributions of AI lies in its ability to analyze vast amounts of data, 

including historical parking patterns, traffic flows, and environmental factors, to predict future 

parking demand accurately. Machine learning algorithms can discern complex patterns and 

correlations within this data, enabling parking managers to anticipate peak demand periods and 

adjust parking policies accordingly. By leveraging predictive analytics, AI empowers cities to 

optimize parking space allocation, reduce congestion, and enhance overall urban mobility[8]. 

AI-driven parking solutions leverage advanced technologies such as computer vision and sensor 

networks to monitor parking space occupancy in real-time. Smart parking sensors installed in 

parking facilities or on-street parking spaces can detect the presence of vehicles and transmit this 

information to a centralized system. By continuously updating parking availability data, these 

sensors enable drivers to locate vacant parking spaces more efficiently, thereby minimizing 

circling behavior and reducing traffic congestion. Furthermore, AI-powered computer vision 

systems can analyze live video feeds from cameras installed in parking facilities to detect 

parking violations, unauthorized vehicles, and other anomalies, enhancing security and 

enforcement capabilities[9]. 

AI in parking management is its capacity to provide personalized recommendations and guidance 

to drivers based on individual preferences and contextual factors. Mobile applications and 

navigation systems equipped with AI algorithms can analyze real-time traffic conditions, parking 

availability, and user preferences to suggest optimal parking locations and routes. By tailoring 

recommendations to each driver's needs, AI enhances the user experience, reduces search time, 

and promotes efficient use of parking resources. Additionally, AI-powered parking systems can 

dynamically adjust parking pricing based on demand, occupancy levels, and other factors, 

incentivizing drivers to park in less congested areas or during off-peak hours, thus optimizing 

space utilization and mitigating traffic congestion[10]. 

In essence, the integration of AI into parking management represents a paradigm shift towards 

more intelligent, adaptive, and efficient urban transportation systems. By harnessing the power 

of AI technologies, cities can address longstanding parking challenges, improve the accessibility 

and sustainability of transportation networks, and create more livable urban environments for 

residents and visitors alike. However, realizing the full potential of AI in parking management 

requires concerted efforts from city planners, policymakers, technology developers, and other 

stakeholders to overcome technical, regulatory, and societal challenges and ensure equitable 

access to smart parking solutions[11]. 



IV. AI-driven Dynamic Parking Solutions: 

AI-driven dynamic parking solutions represent a paradigm shift in urban parking management, 

offering innovative approaches to address the challenges of limited parking availability, 

inefficient space utilization, and lack of real-time information for drivers. One of the key 

strategies employed in AI-driven parking solutions is predictive analytics, which leverages 

machine learning algorithms to forecast parking demand and optimize space allocation. By 

analyzing historical parking data, traffic patterns, and contextual factors such as events or 

weather conditions, predictive analytics can anticipate future parking needs and adjust parking 

policies dynamically. This proactive approach enables cities to allocate parking resources more 

effectively, reducing congestion and improving the overall efficiency of urban transportation 

systems[12]. 

AI-driven parking solutions is the deployment of smart parking sensors and IoT (Internet of 

Things) technologies to monitor parking space occupancy in real-time. These sensors, installed 

in parking facilities or on-street parking spaces, detect the presence of vehicles and transmit this 

information to a centralized system. By continuously updating parking availability data and 

disseminating it to drivers through mobile applications or dynamic signage, smart parking 

solutions enable drivers to locate vacant parking spaces quickly and accurately. This real-time 

information empowers drivers to make informed decisions, minimizing search time and 

congestion while maximizing parking utilization rates[13]. 

AI-driven parking solutions encompass automated valet parking systems, which leverage 

autonomous vehicles and AI algorithms to streamline the parking process. These systems enable 

vehicles to navigate parking facilities autonomously, identify available parking spaces, and park 

with precision, eliminating the need for human intervention. By optimizing parking space 

allocation and reducing the time spent searching for parking, automated valet parking systems 

enhance convenience for drivers while minimizing congestion and emissions. Moreover, these 

systems can integrate with ride-sharing services and public transportation networks, facilitating 

seamless multimodal journeys and reducing reliance on private car ownership[14]. 

Dynamic pricing models represent another innovative approach to parking management enabled 

by AI technologies. By analyzing real-time data on parking demand, occupancy levels, and 

traffic conditions, dynamic pricing systems can adjust parking fees dynamically to reflect supply 

and demand dynamics. During periods of high demand or congestion, parking fees may increase 

to discourage driving and incentivize alternative transportation modes. Conversely, during off-

peak hours or in less congested areas, parking fees may decrease to encourage utilization and 

optimize space allocation. By aligning pricing incentives with transportation goals, dynamic 

pricing models promote efficient use of parking resources, reduce traffic congestion, and 

contribute to sustainable urban mobility[15]. 



AI-driven dynamic parking solutions offer a transformative approach to urban parking 

management, leveraging advanced technologies to optimize space allocation, reduce congestion, 

and enhance the overall efficiency of transportation systems. By harnessing the power of 

predictive analytics, smart sensors, automated valet parking, and dynamic pricing, cities can 

create more sustainable, accessible, and user-centric parking ecosystems. However, the 

successful implementation of AI-driven parking solutions requires collaboration among city 

authorities, technology providers, and other stakeholders to address technical, regulatory, and 

societal challenges and ensure equitable access to smart parking innovations[16]. 

 

VI. Case Studies and Implementations: 

Several cities and organizations around the world have implemented AI-driven parking solutions 

to address urban mobility challenges and improve the efficiency of parking management 

systems. One notable example is Singapore's Smart Nation Initiative, which encompasses 

various smart city initiatives, including intelligent transportation systems and dynamic parking 

solutions. Singapore has deployed an extensive network of sensors and cameras to monitor 

parking space occupancy in real-time and provide drivers with accurate information on parking 

availability through mobile applications and digital signage. By leveraging AI algorithms to 

analyze parking data and predict demand patterns, Singapore has been able to optimize parking 

space allocation, reduce congestion, and enhance the overall user experience for drivers. San 

Francisco's SFpark program has demonstrated the effectiveness of dynamic pricing models in 

managing parking demand and reducing traffic congestion. SFpark utilizes sensors and data 

analytics to adjust parking meter rates based on demand, occupancy levels, and time of day. By 

dynamically pricing parking spaces to reflect fluctuating demand, SFpark aims to encourage 

turnover, reduce circling behavior, and promote alternative transportation modes. The program 

has shown promising results in improving parking availability, reducing cruising time, and 

enhancing the vitality of commercial districts, highlighting the potential of AI-driven parking 

solutions to address urban mobility challenges in dense urban environments. In addition to 

municipal initiatives, private companies have also developed AI-powered parking solutions to 

optimize parking management and enhance the user experience. For example, ParkWhiz and 

Parkopedia are platforms that leverage AI algorithms to aggregate parking data from various 

sources, including parking operators, municipalities, and navigation systems. These platforms 

provide drivers with real-time information on parking availability, pricing, and location-based 

recommendations, enabling them to find and reserve parking spaces conveniently. By 

streamlining the parking search process and reducing uncertainty for drivers, ParkWhiz and 

Parkopedia contribute to improving urban mobility and reducing congestion in urban areas[17]. 

Automotive manufacturers are exploring AI-driven parking technologies to enhance the 

functionality of autonomous vehicles and enable automated valet parking. Companies like Tesla, 

BMW, and Audi are developing advanced driver assistance systems (ADAS) equipped with AI 



algorithms that enable vehicles to navigate parking facilities autonomously and park with 

precision. By integrating AI-powered parking capabilities into autonomous vehicles, these 

manufacturers aim to improve parking efficiency, reduce the need for parking infrastructure, and 

enhance the overall convenience and safety of urban transportation[18]. 

Overall, these case studies and implementations demonstrate the diverse applications and 

benefits of AI-driven parking solutions in enhancing urban mobility, reducing congestion, and 

improving the user experience for drivers. By leveraging AI technologies to optimize parking 

management, cities, organizations, and automotive manufacturers can create more sustainable, 

accessible, and efficient transportation systems that meet the evolving needs of urban 

populations. However, continued collaboration and innovation are essential to address technical, 

regulatory, and societal challenges and realize the full potential of AI-driven parking solutions in 

shaping the future of urban mobility[19]. 

VII. Benefits and Impacts: 

The integration of Artificial Intelligence (AI) into parking management offers a multitude of 

benefits that extend beyond the optimization of parking availability. One of the most significant 

advantages is the reduction of traffic congestion within urban areas. By providing real-time 

information on parking availability and guiding drivers to vacant spaces efficiently, AI-driven 

parking solutions minimize circling behavior and the associated traffic congestion. This 

reduction in congestion not only improves the flow of traffic but also reduces travel times, fuel 

consumption, and greenhouse gas emissions, contributing to cleaner and more sustainable urban 

environments[20]. 

AI-driven parking solutions enhance the overall accessibility and convenience of urban 

transportation systems for residents and visitors alike. By providing drivers with personalized 

recommendations and guidance to parking spaces, AI-powered navigation systems streamline the 

parking search process and alleviate the stress associated with finding parking in congested 

areas. Additionally, dynamic pricing models incentivize efficient use of parking resources and 

promote alternative transportation modes, such as public transit, cycling, and walking, thereby 

enhancing multimodal connectivity and reducing reliance on private car ownership[21]. 

The implementation of AI-driven parking solutions generates economic benefits for cities and 

businesses by optimizing parking space utilization and generating additional revenue streams. By 

dynamically adjusting parking fees based on demand and occupancy levels, cities can maximize 

revenue from parking assets while ensuring efficient allocation of resources. Additionally, AI-

powered parking platforms and applications provide opportunities for parking operators and 

businesses to offer value-added services, such as reservations, payments, and loyalty programs, 

enhancing the customer experience and generating new sources of income. Beyond the 

immediate benefits to urban mobility and economic efficiency, the adoption of AI-driven parking 

solutions has broader societal impacts, including improved quality of life and enhanced social 



equity. By reducing traffic congestion and air pollution, AI-powered parking solutions create 

healthier and more livable urban environments, benefiting residents, workers, and visitors alike. 

Moreover, by providing real-time information and guidance to drivers, AI-driven parking 

solutions increase accessibility to parking for individuals with mobility challenges, elderly 

citizens, and other vulnerable populations, promoting inclusivity and social equity in urban 

transportation systems[22]. 

VIII. Challenges and Future Directions: 

Despite the promising benefits of AI-driven parking solutions, several challenges must be 

addressed to realize their full potential and ensure their effective implementation in urban 

environments. One of the primary challenges is the availability and quality of data required to 

train AI algorithms and support real-time decision-making in parking management. Obtaining 

accurate and comprehensive data on parking demand, occupancy, and user behavior can be 

challenging, particularly in densely populated urban areas with complex parking dynamics. 

Moreover, ensuring data privacy and security is essential to gaining public trust and compliance 

with regulatory requirements, necessitating robust data governance frameworks and privacy-

enhancing technologies. 

The integration and interoperability of AI-driven parking systems with existing transportation 

infrastructure and mobility services. Many cities have fragmented parking governance structures 

and legacy parking technologies, which can hinder the seamless integration of AI-driven 

solutions. Overcoming interoperability challenges requires collaboration among city authorities, 

parking operators, technology providers, and other stakeholders to develop open standards, 

protocols, and APIs (Application Programming Interfaces) that enable data sharing and 

interoperability across systems. Additionally, addressing regulatory barriers and navigating 

procurement processes is essential to accelerating the adoption of AI-driven parking solutions 

and fostering innovation in urban mobility. Ensuring equitable access to AI-driven parking 

solutions and addressing potential biases in AI algorithms are critical considerations for 

promoting social equity and inclusivity in urban transportation systems. AI algorithms may 

inadvertently perpetuate or exacerbate existing disparities in access to parking resources, 

particularly for underserved communities and marginalized populations. To mitigate these risks, 

cities must prioritize equity in the design and deployment of AI-driven parking solutions, 

actively engage with diverse stakeholders, and incorporate community feedback into decision-

making processes. Additionally, implementing transparency and accountability mechanisms, 

such as algorithmic auditing and bias mitigation techniques, can help ensure fairness and 

accountability in AI-driven parking management[23]. 

Looking ahead, future directions in AI-driven parking management include the integration of 

emerging technologies such as edge computing, 5G networks, and blockchain to enhance 

scalability, reliability, and security. Edge computing enables real-time processing of parking data 

at the network edge, reducing latency and improving responsiveness in AI-driven parking 



systems. Similarly, 5G networks provide high-speed connectivity and low-latency 

communication, enabling seamless data exchange and collaboration among interconnected 

parking sensors, vehicles, and infrastructure. Additionally, blockchain technology offers 

opportunities to enhance data integrity, transparency, and trust in parking transactions, enabling 

secure and decentralized parking payments and reservations[24]. 

Addressing the challenges and advancing the future directions of AI-driven parking management 

requires collaborative efforts from cities, technology providers, and stakeholders to overcome 

technical, regulatory, and societal barriers. By harnessing the power of AI technologies and 

embracing innovation, cities can create smarter, more sustainable, and more inclusive 

transportation systems that enhance urban mobility, reduce congestion, and improve the quality 

of life for all residents[25]. 

IX. Conclusion: 

In conclusion, the integration of Artificial Intelligence (AI) into parking management represents 

a transformative opportunity to address the complex challenges of urban mobility and enhance 

the efficiency, accessibility, and sustainability of transportation systems in cities worldwide. AI-

driven parking solutions offer innovative approaches to optimize parking space allocation, 

reduce traffic congestion, and improve the overall user experience for drivers. By leveraging 

predictive analytics, smart sensors, automated valet parking, and dynamic pricing models, cities 

can create dynamic and data-driven parking ecosystems that adapt to real-time demand and 

promote efficient use of parking resources. However, realizing the full potential of AI-driven 

parking solutions requires concerted efforts to address technical, regulatory, and societal 

challenges and ensure equitable access and accountability in their implementation. By embracing 

collaboration, innovation, and inclusive design principles, cities can unlock the benefits of AI-

driven parking management and pave the way towards smarter, more sustainable, and more 

livable urban environments for all residents and visitors. 

REFERENCES: 

 

[1] P. Harish Padmanaban and Y. K. Sharma, "Optimizing the Identification and Utilization of Open 
Parking Spaces Through Advanced Machine Learning," Advances in Aerial Sensing and Imaging, 
pp. 267-294, 2024, doi: https://doi.org/10.1002/9781394175512.ch12. 

[2] A. H. Alavi, P. Jiao, W. G. Buttlar, and N. Lajnef, "Internet of Things-enabled smart cities: State-
of-the-art and future trends," Measurement, vol. 129, pp. 589-606, 2018. 

[3] S. H. Alsamhi, O. Ma, M. S. Ansari, and F. A. Almalki, "Survey on collaborative smart drones and 
internet of things for improving smartness of smart cities," Ieee Access, vol. 7, pp. 128125-
128152, 2019. 

[4] M. Bauer, L. Sanchez, and J. Song, "IoT-enabled smart cities: Evolution and outlook," Sensors, 
vol. 21, no. 13, p. 4511, 2021. 

https://doi.org/10.1002/9781394175512.ch12


[5] H. Padmanaban, "Privacy-Preserving Architectures for AI/ML Applications: Methods, Balances, 
and Illustrations," Journal of Artificial Intelligence General science (JAIGS) ISSN: 3006-4023, vol. 
3, no. 1, pp. 66-85, 2024. 

[6] D. C. Bogatinoska, R. Malekian, J. Trengoska, and W. A. Nyako, "Advanced sensing and internet 
of things in smart cities," in 2016 39th International Convention on Information and 
Communication Technology, Electronics and Microelectronics (MIPRO), 2016: IEEE, pp. 632-637.  

[7] D. Chapman, "Environmentally sustainable urban development and internet of things connected 
sensors in cognitive smart cities," Geopolitics, History, and International Relations, vol. 13, no. 2, 
pp. 51-64, 2021. 

[8] N. Cvar, J. Trilar, A. Kos, M. Volk, and E. Stojmenova Duh, "The use of IoT technology in smart 
cities and smart villages: Similarities, differences, and future prospects," Sensors, vol. 20, no. 14, 
p. 3897, 2020. 

[9] L. Arya, Y. K. Sharma, R. Kumar, H. Padmanaban, S. Devi, and L. K. Tyagi, "Maximizing IoT 
Security: An Examination of Cryptographic Algorithms," in 2023 International Conference on 
Power Energy, Environment & Intelligent Control (PEEIC), 2023: IEEE, pp. 1548-1552, doi: 
10.1109/PEEIC59336.2023.10451210.  

[10] N. Dlodlo, O. Gcaba, and A. Smith, "Internet of things technologies in smart cities," in 2016 IST-
Africa Week Conference, 2016: IEEE, pp. 1-7.  

[11] A. M. Hassan and A. I. Awad, "Urban transition in the era of the internet of things: Social 
implications and privacy challenges," IEEE Access, vol. 6, pp. 36428-36440, 2018. 

[12] T. K. Hui, R. S. Sherratt, and D. D. Sánchez, "Major requirements for building Smart Homes in 
Smart Cities based on Internet of Things technologies," Future Generation Computer Systems, 
vol. 76, pp. 358-369, 2017. 

[13] H. Padmanaban, "Navigating the Complexity of Regulations: Harnessing AI/ML for Precise 
Reporting," Journal of Artificial Intelligence General science (JAIGS) ISSN: 3006-4023, vol. 3, no. 
1, pp. 49-61, 2024. 

[14] J. Jin, J. Gubbi, S. Marusic, and M. Palaniswami, "An information framework for creating a smart 
city through internet of things," IEEE Internet of Things journal, vol. 1, no. 2, pp. 112-121, 2014. 

[15] S. i. Konomi and G. Roussos, Enriching urban spaces with ambient computing, the internet of 
things, and smart city design. IGI Global, 2016. 

[16] R. Krishnamurthi, A. Nayyar, and A. Solanki, "Innovation opportunities through Internet of 
Things (IoT) for smart cities," in Green and Smart Technologies for Smart Cities: CRC Press, 2019, 
pp. 261-292. 

[17] A. Sharma and U. K. Singh, "Modelling of smart risk assessment approach for cloud computing 
environment using AI & supervised machine learning algorithms," Global Transitions 
Proceedings, vol. 3, no. 1, pp. 243-250, 2022. 

[18] R. Kumar, H. K. Banga, and H. Kaur, "Internet of Things-supported smart city platform," in IOP 
Conference Series: Materials Science and Engineering, 2020, vol. 955, no. 1: IOP Publishing, p. 
012003.  

[19] P. Chithaluru, F. Al-Turjman, R. Dugyala, T. Stephan, M. Kumar, and J. S. Dhatterwal, "An 
enhanced consortium blockchain diversity mining technique for IoT metadata aggregation," 
Future Generation Computer Systems, vol. 152, pp. 239-253, 2024. 

[20] A. Kumar, M. Payal, P. Dixit, and J. M. Chatterjee, "Framework for realization of green smart 
cities through the internet of things (iot)," Trends in Cloud-based IoT, pp. 85-111, 2020. 

[21] D. Lupton, "The internet of things: social dimensions," Sociology Compass, vol. 14, no. 4, p. 
e12770, 2020. 



[22] Y. Mehmood, F. Ahmad, I. Yaqoob, A. Adnane, M. Imran, and S. Guizani, "Internet-of-things-
based smart cities: Recent advances and challenges," IEEE Communications Magazine, vol. 55, 
no. 9, pp. 16-24, 2017. 

[23] D. Minoli and B. Occhiogrosso, "Internet of things applications for smart cities," Internet of 
things A to Z: technologies and applications, pp. 319-358, 2018. 

[24] L. von Rueden, S. Mayer, R. Sifa, C. Bauckhage, and J. Garcke, "Combining machine learning and 
simulation to a hybrid modelling approach: Current and future directions," in Advances in 
Intelligent Data Analysis XVIII: 18th International Symposium on Intelligent Data Analysis, IDA 
2020, Konstanz, Germany, April 27–29, 2020, Proceedings 18, 2020: Springer, pp. 548-560.  

[25] S. P. Mohanty, U. Choppali, and E. Kougianos, "Everything you wanted to know about smart 
cities: The Internet of things is the backbone," IEEE consumer electronics magazine, vol. 5, no. 3, 
pp. 60-70, 2016. 

 


