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ABSTRACT-

Rapid urbanization coupled with a rapidly growing vehicle population has led to a great concern in the
management of cities’ parking structures, which have become congested leading to increased emissions and
wasted time. This research will discuss the development of a Smart Parking System (SPS), integrating
algorithms of Machine Learning (ML) and Internet of Things (IoT) technologies to help optimize the
management of urban parking spaces. The proposed system used 10T sensors to capture real-time data on the
availability of parking spaces, vehicle occupancy, and user demand patterns. Through ML techniques such as
predictive analytics and reinforcement learning, the SPS will improve decision-making processes for the
driver and the parking administrator. Case studies and sim- ulations are analyzed based on performance
regarding reduced search times, utilization of spaces, and higher satisfaction for users for testing the efficacy
of the system. It also talks about the integration with the existing urban infrastructure and is associated
with sustainable urban mobility. Findings from the study indicated that SPS not only improved parking
efficiency but also reduced traffic congestion coupled with carbon footprints in urban areas. This study further
brings forth the revolutionary capabilities of integrating ML and loT, when merged together, to reimagine the
management of parking and create smarter cities as well as more efficient ones.

Index Terms- Smart Parking System, Machine Learning, In- ternet of Things, Space Management, Urban
Mobility, Predictive Analytics, Traffic Congestion, Sustainability, Real-Time Data, Vehicle Occupancy,
Smart Cities, 0T Sensors.

1. INTRODUCTION

Urbanization has been gaining momentum exponentially in the past decades. Along with every increase in
size and population, this has led to an exponential increase in vehicles and demand for efficient parking. It is
accountable for traffic congestion and times wasted looking for spaces, thus raising levels of emissions. These
problems are unable to be solved by traditional approaches to parking management; thus, inno- vative
approaches are required to resolve such issues.

Smart Parking Systems/SPS have emerged as potential solutions in this regard. By utilizing advanced
technologies like 10T and ML, SPS is revolutionizing streamlined park- ing operations while enhancing
user experience as well as

Published By: National Press Associates Page 645
Special Issue: International Conference on Sustainable Developments in Computational Optimization and Intelligent
Systems (ICSDCOIS)-2025)



National Research Journal of Information Technology & Information Science [SSN: 2350-1278

Volume No: 13, (January) Year: 2026 (Special Issue) Peer Reviewed & Refereed Journal (IF: 7.9)
PP- B45-6a3 Journal Website www.nrjitis.in
inno’yation
automatioy

» solar.energy

ultrasoéﬁg Sensor
L flexibilg @

* ‘miobile application sthaft chargifg

» .

- : @ 19
raspbery pi wCO\W1
- B Sy - § .
“% smar kin artgtids 5,
& o &
s,mart-par;l;mgﬁm electric vehicles

intelligent systems._ H wl
sm art gity #& @
¢ o uk “*  smart park

S

¥ “'cir‘c"rj"lar‘gcq&my'
@ eco-industrial park

y edge computing
environmental monitoring

sustainable development
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optimizing space use. The idea of the approach of SPS in fighting inefficiencies otherwise seen in traditional
parking management focuses on the integration of real-time data collection with intelligent analytics. 10T has
an important role in the development of smart parking systems since it ensures that the devices communicate
each other easily. Information from the sensors attached to every parking space reveals information regarding
vehicle occupancy and availability and environmental condition. Users as well as managers will have the
real-time data for making informed decisions and thus will be able to operate effectively. Machine Learning
algorithms take this further by using the huge amounts of data from these 10T devices. Predictive modeling
and clustering can be used in ML to identify patterns in parking behavior, predict demand, and optimize
allocations of space. This approach helps in proactive management of parking resources, reduces search time,
and saves the purchaser time spent looking for available places. Other advantages of installing smart parking
systems are reduced traffic congestion and emissions, with an increase in user satisfaction. Users are in a
better position to make informed decisions about parking due to the instant availability information of parking
spaces, thus improving the efficiency of parking. Cities may reduce some of the adverse effects of the
environmental impacts of vehicular traffic if some cruising time for parking is reduced. Despite the massive
benefits, there are significant hurdles to Smart Parking Systems. Some of these are the usually very high
initial cost requirements, the considerable infrastructural requirements, data security and privacy issues, and
integrating new technologies with existing frameworks in cities. Its successful adoption and scaling would
require overcoming these. Many cities have launched their Smart Parking Systems with largely differing
results. For instance, cities such as San Francisco and Amsterdam have been successful and productive with
smart parking solutions based on the application of real-time data and user-centric applications for parking.
Analysis of these case studies will help one gain valuable insights into best practice, challenges faced in the
implementation process, and lessons learnt in the implementation of SPS. This paper discusses the design
and deployment of Smart Parking Systems that utilize Machine Learning and IoT, in the interest of
intelligent management of parking. Under this research, how these two technologies can be brought together
to enhance the urban parking solutions, an assessment of current state of affairs and the identification of
improvement areas. This work is essential since it will feed into the urban debate on mobility and
sustainability. It aims to present actionable insights for city planners, policymakers, and technology
developers by using advanced technologies in parking management. Findings from this research will lay
the ground for future innovations in urban infrastructure and transportation.

2. LITERATURE REVIEW

Recent research focuses on the emerging challenges in managing urban mobility. In reality, studies indicate
that one of the biggest challenges is parking management. Conse- quently, cities have become highly
congested, necessitating new and efficient parking solutions to heighten urban transport efficiency. According
to Smith et al. (2024), this could be achieved by enhancing management and utilization of parking space
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through smart parking systems [1]. 10T technologies have been integrated into SPS. Johnson and Lee (2024)
present a great framework for loT-based smart parking that depict’s how real-time data collection enables the
optimization of space utilization along with improvements in the user experience. Such research involved
many loT devices deployed to collect data on parking availability to enable better decision- making by
drivers or city planners [2]. In SPS, the use of ML algorithms is crucial for predictive analytics and
demand forecasting. Wang et al. (2024) demonstrated how the application of machine learning models
reduces the time drivers spend searching for parking by accurately predicting parking space availability. The
developers found that more accurate predictions would be achieved using historical data combined with
real-time inputs, which would
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provide both users and operators with benefits [3]. The most critical factors to be considered for success in
SPS are user engagement and satisfaction. Gupta et al. have explored mobile applications that communicate
current parking information and hint at user-centric designs that improve accessibility and the convenience of
urban users. The study well highlights the usability of an intuitive interface and its features in line with user
needs, which ultimately upgrades the adoption rate of smart parking solutions [4]. Many cities have
implemented SPS with varied results. Using case studies from San Francisco and Am- sterdam, Chen et al.
(2024) examine the performance of smart parking in addressing the issues of reducing city traffic congestion
and improving the general mobility experience of cities. Specific implementations that are claimed to have
gained real benefits would be productive examples that can help other cities emulate them [5].

A few researchers focus on the environmental advantages of SPS. Patel and Kumar in 2024 weighed the saved
cruising time in relation to greenhouse gases associated with reduced parking time, thus establishing a very
clear, obvious link between smart parking initiatives and sustainability. Based on their results, lessened time
used by vehicles in parking quests directly lowers emissions and also enhances air quality [6]. Martinez et al.
(2024) highlight some of the obstacles to adoption and propose ways of addressing them in cities. According
to them, for smart parking to be integrated without hassles, public-private partnerships and supportive
policies are necessary [7]. Since the primary function of SPS is data collection, privacy and security issues are
of prime importance. According to Lopez et al., “Security of the users’ data becomes the most crucial aspect
of protocols in loT-enabled parking systems.” Calls for regulatory frameworks continue to ensure
compliance [8]. They also point out the dangers lurking in data breaches; thus, there is a need for open
practice while dealing with data. The COVID-19 pandemic had some implications on the trend of parking
behaviors in urban mobility. In particular, Ali et al. (2024) discussed how this pandemic has transformed
the demands and preferences for parking to adapt to adaptable smart parking solutions. As per their
findings, user preferences exist under changing circumstances [9]. An effective design for SPS requires
an
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TABLE 1. LITERATURE REVIEW ON SMART PARKING SYSTEMS
Ref No | Author(s) & | Title Key Findings Summary
Year
[1] Smith, J., & Urban mobility Identified key| This paper highlights the
Johnson, M. and park- issues re- main  challenges in  urban
(2024) ing challenges lated to urban | mobility, focusing on con- gestion,
mobility and the | inadequate park- ing spaces, and
challenges faced in | potential solutions.
parking
management
2] Johnson, A., loT-based smart Developed an loT- | Proposes an loT frame-
& Lee, T. parking based work that integrates real- time
(2024) framework framework for data and sensors to improve the
optimizing parking | efficiency of parking systems in
management smart cities.
[3] Wang, H., et | Predicting parking | Demonstrated  thel The study used histori-
al. (2024) space use of cal data to train machine learning
availability using | machine learning | models, enhanc- ing the prediction
machine learning | algo- rithms for | of avail- able parking spots in real
predicting  park- | time.
ing space
availability
[4] Gupta, R., et | User-centric Explored the Focuses on improving
al. (2024) designs in impact user experience through smart
smart parking of user-centric design features, making parking
applications design on smart systems more accessible and
parking applications | easier to use.
[5] Chen, L., et al.| Case studies of | Reviewed the Case studies provide
(2024) smart implemen- insights into the challenges and
parking systems in| tation and | successes of smart parking
San Francisco and | effectiveness of | implementations
Amsterdam smart parking | in San Francisco
systems in  two | and Amsterdam,
cities demonstrating the
importance of technology
integration in urban environments.

understanding of user behavior. Singh et al. studied user park- ing habits and preferences, which give insights
into designing more effective smart parking applications [10]. The study underlines the importance of
behavioral data as the hallmark in the shaping of user-centric features that improve the overall usability of the
system[10]. It also has very economic impli- cations. Brown and Jones (2024) make a cost-benefit analysis of
implementing smart parking technologies, which states that much savings will be generated for the urban
transport system. Their study gives an insight into achieving comprehensive returns in finances by improving
parking efficiency [11]. Modern technological innovations are also transforming SPS. Martinez et al. (2024)
discussed new technologies that can gain a foothold to make the smart parking solutions more functional and
trustworthy. The authors have their study of new technologies that can ensure more secure transactions and
clear the operational procedures [12]. It has been explored by Thompson et al. (2024) multiple stakeholders as
collaborative approaches in parking management. Their research emphasizes that a city planner, technology
provider and users must collab- orate to create efficient SPS. According to them, stakeholder engagement is
very important to address the needs of the community and to achieve widespread adoption [13]. The policy
role is irreplaceable in making it possible to implement SPS. In this end, Williams et al. (2024) propose a
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package of policy recommendations that would entail integrating smart technologies into urban parking
management systems and reduce mostly the regulatory barriers with incentives to the city governments to
invest in smart parking infrastructures [14]. Adaptive parking solutions are gaining relevance. Zhao et al.
(2024) designed a framework for dynamic pricing models in smart parking systems, explaining how adaptive
strategies can help maximize the use of space and generate revenue. The authors find that dynamic pricing
will enable more efficient use of available parking spaces on occasions when these are very busy and slow
times [15]. The influence of SPS on urban design is really high. Mitchell et al. (2024) argue that an intelligent
parking system can influence the choice of urban planning, with respect to the creation of a more livable and
people-friendly urban environment. According to the authors, effective parking management contributes to a
higher ranking of the overall livability of the urban environment [16]. The other key characteristic of SPS is
the integration of several disciplines. A paper by Kumar et al. in 2024 maintains that collaboration of multi-
disciplinary streams must be fostered, as in the integration of knowledge fields from urban studies,
technology, and behavioral sciences. Their findings suggest that such collaborations would usher in more
integrated yet effective solutions for smart parking [17]. Future trends in smart parking technology are
important. Roberts et al. (2024) propose future advancements in automation and Al to further transform the
parking management to enhance the user ex- perience. Fully automated parking systems may soon become the
phenomenon developed for urban settings, according to their insights [18]. The success of SPS would
definitely depend on public acceptance. In this regard, Harrison et al. (2024) explore factors that may
influence public perception and acceptance of smart parking solutions, as well as the guidance and
recommendations for effective communication activities. Their work brings up the point that public concerns
need to be satisfied along with the benefits that could be derived from SPS [19]. Continued improvement of
SPS requires performance evaluation. Green et al. (2024) provide a set of metrics by which user satisfaction,
space utilization, and the environmental impact of a smart parking system can be evaluated. Their research
provides a framework through which cities might evaluate the success of implemented systems and make
improvements based on data analytics [20]. The literature, however, has highlighted the transformative
potential of smart parking systems that can be demonstrated with the use of 10T and Machine Learning.
However, while utilizing these advancements, data privacy implementation and its public acceptance remain
evolving challenges that need to be addressed for the future of urban parking management [21].

3. METHODOLOGY

The design methodology for an 1oT- and ML-based SPS will consider sensor networks, data acquisition,
predictive model- ing, and even user interface design. This chapter discusses the actual processes, tools, and
techniques applied towards developing efficient and scalable SPS.

3.1. System Architecture and 10T Integration

In the first phase of the methodology, 10T devices are designed for deployment to monitor parking spaces in
real time. Ultrasonic or infrared sensors installed at various parking lots can detect vehicle occupancy. These
sensors are connected to a central 10T hub that aggregates data and transmits it to a cloud-based server. Other
configurations also include the use of RFID and cameras for more accuracy in vehicle detection.
Communication from devices to the cloud is wirelessly made through protocols such as LoRaWAN, NB- 10T,
or Wi-Fi depending on the environment and requirements of coverage. The process of collecting this
information in real- time drives the continuous updating that appears in the status of parking spaces, which is
indispensable for further analysis and decision-making.

3.2. Data Pre-processing and Development of Machine Learn- ing Model

The collected data from the 10T devices undergoes pre- processing to remove noise and outliers thus creating
clean data for further analysis. In-app inputs, along
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Fig. 3. Methodology for the proposed Model

with historical parking data is used to form the training dataset for predictive models in the case of machine
learning. Some of the techniques used in supervised learning include Random Forest, SVM, and Gradient
Boosting for predicting parking availability, with time of day, weather conditions, and traffic patterns as some
of the variables. The models are tested on accuracy, precision, recall, and F1-score values. Hyperparameter
tuning is performed to optimize model performance. Besides, reinforcement learning is applied to dynamically
allocate parking in real-time based on demand, with the goal of maximizing space utilization and minimizing
congestion.

3.3. Design for User Interaction and Mobile App

The third aspect of the methodology is user experience and interaction. A mobile app was designed to
deliver in- formation about available and price-rated parking spots along with navigation directions to the
closest available parking spot in real time. HTMLS5, CSS, and JavaScript are used to develop the front-end part
of the application. The back-end is handled with cloud services such as AWS or Google Firebase. The scope
even includes features like reservations, payment gateways, and personalized parking recommendations based
on historical data and preferences. Data collected from users through the application is anonymized, hence
ensuring privacy while personalizing the service.

3.4. System Testing and Evaluation

The last stage in the presented methodology is system testing under real-life conditions. The pilot is conducted
in a designated parking area, deploying the sensors and a mobile application to evaluate the proposed solution.
The efficiency of the proposed solution is assessed based on key performance indicators (KPIs) such as space
utilization, user satisfaction, and system response time. User

Published By: National Press Associates Page 650
Special Issue: International Conference on Sustainable Developments in Computational Optimization and Intelligent
Systems (ICSDCOIS)-2025)



National Research Journal of Information Technology & Information Science [SSN: 2350-1278

Volume No: 13, (January) Year: 2026 (Special Issue) Peer Reviewed & Refereed Journal (IF: 7.9)
PP: B45-6a3 Journal Website www.nrjitis.in

TABLE 2. RESULT AND ANALYSIS OF SMART PARKING SYSTEM PERFORMANCE

Metric Before After |Improveme
SPS SPS nt
Detection N/A 96.7% N/A
Accuracy
Prediction N/A 91.5% N/A
Accuracy
Utilization Rate 68% 88% +20%
Search Time 12 4 -66%
(min)
User Satisfaction| 55% 83% +28%
Response Time N/A 25 N/A
(sec)
Payment Delays 10 4 -60%
(sec)

feedback is also collected in order to modify the user interface as well as the functionality of the system so that
the system is correctly designed and operates properly. These are iteratively developed to suit different kinds of
environments, ensuring reliability and scalability.

4. RESULT AND EVALUATION

To evaluate its performance, a pilot program of the Smart Parking System was deployed at one of the highly
busy urban parking lots for three months. The main metrics used for evaluation were system accuracy, space
utilization, user satisfaction, and the prediction of parking availability. An average accuracy of 96.7% in
detecting presence was noticed by loT sensors installed at each parking space, though some errors occurred
under extreme weather conditions. The developed machine learning models exhibited an average accuracy of
91.5% in the parking availability prediction. It was the Random Forest model, however, that showed a slight
edge over the Gradient Boosting and SVM models. The SPS exhibited a rather significant improvement in
parking space utilization. The average utilization rate at the time of deployment was close to 68%, with
most of the spaces being underutilized. Upon application, the SPS showed an 88% space utilization. The real-
time update for this system and predictive analysis in the assignment of parking were crucial in making parking
spot distribution dynamic. Users quickly identified available spaces, thus reducing average search times from
12 minutes to only 4 minutes, or a 66% reduction. This also helped reduce traffic congestion near parking lots
during peak hours. Periodic in-app surveys ensured users’ satisfaction. The results were rewarding, as the
reaction to the app was positive. 83% of the users returned feedback with positive results regarding
improvements in the parking experience. Real-time availability and reservation features ranked the highest
among the benefits of the system, followed closely by mobile payment integration. Some of the problems related
to payment processing delay and other issues with the app interface had occasionally come to the forefront of
this study, and the next release would take care of these issues. Taken all together, the SPS demonstrated an
exceptionally high increase in parking efficiency, making it a scalable and user-friendly solution for urban
areas.

5. CHALLENGE AND LIMITATION

Despite the success of the Smart Parking System, several challenges and limitations were detected in the
deployment and testing phases. The first major challenge was the IoT sensors’ ability to guarantee their
usability in extreme weather conditions, such as heavy rain or snow that may sometimes lead to errors in the
detection of the vehicle. Sensor accuracy went down to 3-5% in these situations. Thus, more robust and
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weather-resistant sensors are required. Secondly, making sure the continuous and dependable wireless
connection that carries real-time information for large parking spaces was quite difficult. Since the data had
latency, networks that suffered poor coverage caused disconnections in the information and this led to giving
out wrong information about the parking availability to the users. If the number of users were to be very large,
then the adoption of the application is a great challenge. Although it was working well for active users of the
app, the majority of inactive users were not experiencing as much benefit, making the overall effect of the SPS
less than perfect. In some other issues, third-party services like a payment gateway did not meld perfectly
every now and then in the system. Scalability was also a challenge because the expansion to larger areas with
complex parking infrastructures required further investment in sensors, network capabilities, and system
maintenance, which would be a limitation of wide- scale implementation in cities that have limited budgets.

6. Future Outcome

The prospects of SPS are bright, with much more potential for further improvement and wide adaptation in the
future. Another important result will be inclusion of more advanced 0T devices in this system-namely, Al-
powered cameras and weather-resistant sensors-which will detect the vehicle more precisely in different types
of environments. The advancement of 5G networks will offer fast and reliable real-time data transmission,
which reduces issues based on network delay and enhances overall system performance. Seamless commu-
nication between sensors, cloud servers, and user applications guarantees up-to-the-second updating on parking
availability. Indeed, in the long term, SPS can evolve to become a more holistic solution by
incorporating other features such as monitoring electric vehicle charging stations, abilities for autonomous
parking, and even dynamic pricing models that would optimize the cost of parking in accordance with demand
and availability. In addition, as user data grows, advanced machine learning models shall make even better
predictions and recommendations for parking. The future SPS can also be integrated with the broader
infrastructures of a smart city. In this case, it will be connected with the traffic management mobility
solutions.

CONCLUSION

Due to the blending of IoT technology with machine learning, has emerged as an increasingly effective
solution for addressing urban parking challenges. This is enabled by real-time parking data from loT sensors
combined with predictive algorithms and user-friendly mobile applications. The pilot results indicate immense
efficiency in reducing search time for parking and allotting spaces through dynamic updates. However, the
unreliability of sensor data under adverse weather, the need to strengthen network infrastructures, and user
adoption remain crucial issues to be addressed. Notably, the large-scale scalability of the system calls for
massive investment and technological progress. With next-generation evolutions like 5G connectivity, more
robust sensors, and intelligent integration with smart city frameworks, SPS can effectively enable what it takes
for transforming the urban parking experience from merely convenient to sustainable and smarter urban
mobility. As city continue to grow and demand for parking solutions incraese, intelligent parking systems
such as the SPS will be pivotal is ensuring that user-focused urban infrastructure remains effective and
sustainable. system for the reduction of congestion and emissions to contribute to more sustainable and
efficient urban.
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