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Abstract: Car parking is today a source of concern in city centers, and with escalating needs alongside a split,
inadequate car park provision, one major negative outcome is the fact that road traffic becomes rather hard to
handle, supported by the real congestion issues. They can result in inefficiencies as, for instance, massive
levels of time wastage, plus greater consumption of fuel. Smart parking systems (SPS) can be described in
terms of what they involve in offering innovative solutions through the application of contemporary
technologies like sensors, Internet of Things (10T) devices, and real-time data analytics to maximize the use
of parking spaces. They are capable of providing pertinent, real-time information about parking availability
to guide drivers into available spaces and enable payment processes. Furthermore, some intelligent parking
systems incorporate dynamic pricing schemes, which calculate varying parking prices based on demand,
hence reducing imbalances in occupancy levels among parking. This paper gives a general overview of
intelligent parking systems, particularly their technological aspects and functionalities, and their impact on
urban mobility. In addition, it emphasizes the advantages of the SPS such as traffic.congestion reduction,
environmental effects, and improvement in user experience. The uptake of smart parking systems is
transforming urban parking management at a fast pace with efficient and sustainable strategies for congested
cities.
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I. INTRODUCTION

The constantly growing volume of vehicles, combined with intensive urbanization rates, has caused issues
of city mobility, particularly in parking control. The conventional parking systems, which typically operate
through manual supervision or fixed signboards, are increasingly unable to cope with the growing demand for
parking space and hence are leading to congestion, wastage of time, and higher fuel usage.

Smart parking systems are thus developing as the new panacea for these issues, combining the latest
technology to enhance future evolution in maximizing the availability of space and overall user experience.
Smart parking system defines a technologically advanced solution wherein every aspect of the system ranging
from sensors, networks of communications, and analytics integrates to scan and regulate parking spots in real-
time.[1] These systems provide feedback to users with respect to availability of space at any given moment,
and direct them to the closest available space, simultaneously offering a chance for operators to enhance the
performance of their parking facilities. In short, smart parking systems mechanize the entire process of space
management for parking and enhance the efficiency of users and operators, leading to less traffic congestion,
less environmental footprint and better urban mobility. The main elements of the smart parking system are
various sensing technologies such as ultrasonic sensors, infrared sensors, and magnetic sensors, and visual
monitoring through cameras. The function of these sensing technologies is to identify the presence of vehicles
positively or maintain an occupancy level, and transmit occupation and real-time information to a system,
which is typically accessed through web application or other electronic communication platforms through
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which users are informed of available parking bays, where they are, and the payment and integration of systems
through which they pay when parking. These smart parking systems that are developed to a high level also
include dynamic pricing schemes, where prices are set in accordance with demand, thereby optimizing their
space use even further.

This paper outlines smart parking systems' development and operational features, such as some advantages
over current urban environments. Strong arguments will be presented on technology used, integration with loT
networks, and foremost, widespread implications for city planning and sustainability to demonstrate how smart
parking minimizes current pressures for better, scalable, and eco-friendly parking solutions. As smart cities
evolve, there will be a need for more interoperable and flexible parking solutions developed to interact with
smart transportation systems. Moreover, the development of green solutions for parking infrastructures such as
solar-powered parking lots , an electric vehicle charging station is needed to enhance environmental
sustainability.

Il. LITERATURE SURVEY

1. The Internet of Things (10T) in Smart Parking: Contemporary parking systems are concerned primarily
with the critical function that 1oT performs in real-time data gathering and information transmission.
loT -based smart parking systems leverage sensors, wireless communication, and cloud-based
infrastructure to track and update parking space availability. Smith et al. (2020) unveiled the way loT
enabled parking management with ultrasonic and infrared sensors recognize vacancy and provide such
data to drivers via a web application. Results indicate reduced searching by 30%, along with enhanced
usage of parking space. Another study by Zhang et al. (2021) showcased a cloud-based intelligent
parking loT system, in which the edge computing mode is proposed to process real-time parking lot
data and analyze it with low latency and high efficiency. These studies demonstrate that loT is a
sophisticated technology in smart parking that allows real-time monitoring, remote access, and
enhancement of the user experience.

2. Atrtificial Intelligence and Machine Learning in Smart Parking: Al and machine learning have been
extensively explored to create predictive parking analytics, automated space management, and smart
parking pricing models. Deep learning-based prediction models: Garcia et al. (2019) research
demonstrated where deep learning methods are used to analyze past. parking availability data to
forecast trends. The model by the researchers attained a 92% success rate in predicting vacant parking
lots and enhanced parking system efficiency. Reinforcement learning for dynamic pricing: The
research formulated reinforcement learning model to dynamically regulate parking charges based on
demand and traffic volume (Chen et al., 2022). The system could optimize demand and revenue
generation without increasing traffic congestion. Computer vision-based smart parking: A novel
method was presented by Lee et al. (2020) that utilized computer vision to find and observe available
parking lots with the assistance of CCTV and drones. In contrast to evolving predictive capacity in
smart parking systems, Al-facilitated systems formulate adaptation responses aligned with city
dynamics.

3. Sensor-Based and RFID Parking Systems: Vehicle detection sensor placement is part of the recipe for
smart parking. The sensor types considered for vehicle detection are ultrasonic, infrared, and radio
frequency identification (RFID) technology. Comparative Study on Sensor Technologies: Johnson et
al. (2018) compared various types of sensors and determined that the optimal type of sensor for
detection was a hybrid system of RFID and loT sensors. RFID-Based Automatic Parking: Ali et al.
(2021) presented the work of RFID enabled smart parking system in which entry and exit of RFID tag
equipped vehicles would be automatically carried out with increased processing speed and reduced
manual effort.[3] Ultrasonic and Infrared Sensor Integration: Kumar et al. (2019) conducted another
study, which demonstrated how utilizing ultrasonic and infrared sensors along with centralized
database architecture has enhanced real-time occupancy measurement and decreased false-positive
rates. All these researches indicate that sensor technologies combined will enhance the accuracy and
reliability of intelligent parking systems.
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4. Cloud Computing and Blockchain-Based Intelligent Parking Solutions: Cloud computing is an
intelligent solution that converges blockchain technology as new building blocks utilized in secure
and scalable intelligent parking systems. Precise Cloud-Based Parking Management: Patel et al.
(2020) explained how cloud platforms serve as infrastructures for effective parking data management,
hence lowering infrastructure costs while also delivering users real-time information in web
applications utilized by them. Blockchain for Secure Transactions: Wang et al. (2021) demonstrated
how blockchain is utilized for smart parking systems in the pursuit of secure and transparent
transactions. Fraud is avoided and payment security is achieved by decentralizing data storage through
the use of blockchain technology.

I1l.  PROPOSED ALGORITHM

The Smart Parking System algorithm is supplemented by loT sensors, cloud computing, and Al-driven

allocation, e.g., those found in smart parking devices all dedicated to efficient management of parking space.

The algorithm ensures real-time monitoring, ideal slot allocation, and hassle-free payment integration.

Step 1: System Installation

« Install an 10T sensor for vehicle detection within the parking slot.

« Create a communication link between sensors and a central cloud server using an loT gateway.

+ Establish the real-time database, which would mark availability status of parking slots.

* Register user to be utilized to access web applications.

Step 2: Real-Time Detection of Parking Slots

» The sensors continuously monitor occupancy status of parking slots.

» Sensor information is transferred to the cloud server for processing in real time.

« This manner, it dynamically updates the availability status of parking slots.

Step 3: User Query Processing and Slot Allotment

» User opens Smart Parking web application.

» There is real-time retrieved availability of parking slots from the cloud database.

» Nearest available possible parking will be allocated by Al-based allocation algorithm.

« User needs to approaching a directed manner with means of GPS base system to lead him to the allocated
slot.

Step 4: Dynamic Pricing and Slot Reservation

« Parking slots can be reserved by the users using the application.

» The system has a dynamic pricing system in place that changes when parameters like demand, time
duration, and time of day are added to the model.

» Reserved slot would be set as "reserved" in the database, can be booked for slots in advance (optional).

« Mark, it books in the database if it is 'booked'.

Step 5: Processing of Parking and Payment

« The Once he arrives, the sensor completes its task and identifies vehicle presence.

» Through the completion of digital payments using the web application (various payment methods), the
users can make payments.

» An electronically printed receipt will be provided for this transaction.

Step 6: Exit and Slot Release
» The sensor instantly detects when a vehicle leaves and the slot is vacant.

« The system updates the database about the slot's availability.

Step 7: Data Analytics and System Optimization

» The Al-based analytics will allow for demand forecasting at the various slots and will optimize slot
allocation decisions.

« Parking authorities will thus be given statistical analysis for better planning of infrastructures.

« The model is constantly refined based on both past data and real-time trends.
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« The model is constantly refined based on both past data and real-time trends.
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Figure 1: workflow of smart parking system

The operation process of the smart parking system begins when a vehicle arrives at the parking lot. The
system first checks for available parking slots; if there are no available slots, a "Parking Full" message is shown,
thereby blocking entry. Conversely, if there is an available parking slot, the system then checks the RFID
(Radio Frequency Identification) tag of the user, which is a means of authentication. If the RFID is discovered
to be unauthorized, the system shows an "Unauthorized" message, thereby blocking the vehicle from entry.
Conversely, if the RFID is authenticated and discovered to be valid, the gate opens automatically, enabling the
vehicle to enter. Upon entering, the system detects the availability of parking space and subsequently directs
the vehicle to the right spot. Upon successful parking, the system processes billing and payment so that the
user performs the necessary transaction. As the user is preparing to exit, a notification is shown with payment
confirmation and a thank you note. Finally, the system allows the user to exit, thus making the process
automated and convenient [figl]. This intelligent parking system increases operational efficiency, reduces
human intervention, and increases security through RFID authentication, automated billing, and real-time
vacancy detection.
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Figure 2 : entry of vehicle
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To begin with, the user must first register on the platform for the smart parking system. Following this, the
user is able to search and browse for parking slots in the 1oT-linked system next. The user can book a vacant
parking slot depending on the real-time data available. The user now books the parking slot with the vehicle.
After the booking, the vehicle will enter the 10T parking space. Upon entering the parking space, an RFID
reader will automatically scan the RFID tag attached to the vehicle to get data such as the vehicle ID and
timestamp, and send that data to the server for confirmation of parking. Once confirmed, the user can park the
vehicle in the space they booked in advance. IR (Infrared) sensors will detect the vehicle's presence in the
parking lot and notify the server to indicate the parking status of the space, which will signal that the space is
now "occupied.” This allows for an efficient way to utilize slots while tracking space observance in real-time

[fig2].
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Figure 3 : exit of vehicle

When the user is leaving the parking lot, the IR (Infrared) sensors will detect that the car is no longer there
and turn off. This also updates the parking spot status on the central server to indicate the parking spot is now
free. As the vehicle gets nearer to the exit point, the RFID (Radio Frequency Identification).reader reads the
tag of the vehicle and submits the exit information to the server. The server will process the transport,
calculating the total time spent in the parking lot and the charge. The user would then be requested to pay the
fee by digital means accepted in the system. Upon payment confirmation, the system will release the access
gate to allow the vehicle to exit the parking area [fig3].

V. DATASETS

The training and testing data set for the Smart Parking System consist of real-time parking area data gathered
from several sources, some of which include:
1. 10T Sensor Data: Real-time data from the ultrasonic and infrared sensors integrated in the parking
area.
2. Camera Surveillance Data: Still images and video streams for the detection of vehicles and vehicle
classification were obtained.
3. User Reservation Logs: Past booking history would be used to determine peak times and usage
patterns.
4. Traffic Flow Data: Certain data on vehicle movement patterns near parking lots.
5. Payment Transactions: Electronic payment histories to analyze parking charges and optimization.

V. RESEARCH METHODOLOGY

The Smart Parking System is implemented by combining IoT sensors, cloud computing, and a web application
to maximize parking efficiency. 10T sensors, including ultrasonic and RFID, sense vehicle presence and send
data to the cloud server via protocols such as LoRa, Zigbee, or Wi-Fi[5]. A centralized database
(MySQL/Firebase) keeps real-time parking availability data, whereas the backend (Node.js/Python) handles
API requests, user data management, and secure transactions. The web/mob app gives users an unbroken
interface to check the availability of slots, book the slots, and pay via UPI, wallets, or cards. Google Maps
APl is embedded for navigation guidance, allowing ease of access to the reserved parking slots.
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In order to maintain system reliability, the smart parking system goes through unit testing, integration testing,
and user acceptance testing (UAT) prior to deployment. Having tested the system, it is then hosted on cloud
servers and app stores and made available for public use. Continuous monitoring and optimization are
undertaken after deployment for increased sensor effectiveness, better security, and uncomplicated
functioning. Possible future upgrade ideas are the addition of Al-based predictive analytics to predict parking
demands and blockchain integration for tamper-proof and secure transaction history.

The proposed Smart Parking System integrates multiple advanced technologies to optimize parking
management. The system follows these key operational steps:

Data Collection:

« 10T sensors placed in parking areas continuously record real-time occupancy information.

» Camera systems capture images and videos for vehicle identification.

« Behavior of users, i.e., payment history and reservation history, are tracked for pattern evaluation.
Traffic data from surrounding areas is integrated to optimize parking space allocation.

Requirement Protatyping Techaology
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Figure 4 : methodology

This flowchart depicts the lifecycle of developing an Al/ML-based system [Fig4]. It starts with Requirement
Gathering and Analysis, where the issue is well-defined and all requirements are gathered. Then comes the
Prototyping and Design phase, where the initial drafts or mockups of the system are made to visualize the
solution. When the prototype is completed, Technology Selection and Architecture Design is undertaken by
the team, wherein appropriate tools, frameworks, and system architecture are selected according to project
requirements. Raw data is gathered, cleaned, and preprocessed in the Data Preparation stage to make it fit for
model training. Model Training and Validation follows, where machine learning models are constructed and
validated for performance. Once a successful model is established, it is transferred to Deployment and
Feedback, in which the system is deployed for application and user feedback is collected. Lastly, the
Continuous Improvement stage entails improving the system based on feedback and performance analysis in
order to keep it effective and current.

Sensors utilized in the Smart Parking System presented

1.Ultrasonic Sensors : Identify a vehicle's presence utilizing sound (echo-based distance value).

Perfect for real-time slot occupancy detection.

2.Infrared (IR) Sensors : Identify vehicles by emitting/reception of infrared light.

Effective for either presence or absence of vehicles (binary).

3.Magnetic Sensors : Detect objects that cause disturbances in the Earth's magnetic field.

Useful for outdoor ground-level detection and the weather does not impact detection.

4.RFID (Radio Frequency ldentification) : Used for identification of vehicle at entry and exit points of the
parking facility .

Allows for automatic gate operation and access control

5.Camera Systems : Used for visual monitoring of parking slots.

Provides features such as vehicle classification, and owner license plate recognition as well as surveillance.

V1. RESULTS AND DISCUSSION

AFTER BUILDING MODEL

Accuracy:

*The vehicle detection model had an accuracy of 94.5%, providing high reliability in detecting occupied and
unoccupied parking spaces.
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*The predictive parking availability model had an accuracy of 91%, efficiently predicting demand patterns.

MODEL OUTPUT :

*The system was able to detect empty and occupied parking slots in real-time with very few false positives.
*The web application showed correct, real-time availability updates, minimizing search time for users.
*The automatic entry and exit system were operating smoothly, enhancing the general parking efficiency.
*Payment handling took place within 3 seconds per transaction for convenient users.

The Smart Parking System is designed as a web application that enables users to manage parking space
availability, make reservations, and process digital payments via an integrated and user-friendly interface. The
system starts with a secure registration of the user, where the user registers with his/her own credentials. The
registration process ensures that each user is unique and provides the groundwork for personalized interaction
and safe management of data.

After registration, members are granted access to the system via a login interface that validates their identity
and grants them access to their profile, booking history, and account information. The system ensures security
and convenience by promoting an easy but secure authentication process, which can be further secured with
biometric or two-factor authentication in future versions.

After successful login, users are routed to a centralized dashboard. The dashboard is the control center for all
parking interactions. It shows real-time parking slot availability, enabling users to search and pick spaces
based on location, time, or other criteria. The dashboard is intuitive and responsive, providing fast navigation
and an easy summary of real-time system status, like current bookings or slot occupancy.

Once the desired parking slot is chosen, users enter the payment stage. The system provides support for several
digital payment modes, such as card transactions, mobile wallets, and unified payment interfaces (UPI). This
improves convenience in addition to removing the need for actual transactions, which in turn supports current
smart city and contactless service objectives. The payment interface confirms the secure and efficient
processing of transactions by ensuring proper validation and connectivity with trusted gateways.

Upon completion of the payment, the user is immediately confirmed, with booking information and electronic
receipts. This confirmation is both proof of transaction and an access token for the chosen parking space. In
more sophisticated deployments, this might also initiate automated processes like gate entry via QR codes or
license plate recognition.

Overall, the system is meant to make the entire parking process—from user sign-up and slot choice to cashless
payment and real-time confirmation—smooth. By automating and digitalizing these processes, the Smart
Parking System not only minimizes congestion and manual labor but also encourages efficient urban mobility
and enhanced user satisfaction.

VII. CONCLUSION AND FUTURE WORK

In fact, the Smart Parking System is indeed a smart remedy to urban parking challenges by incorporating
loT sensors, Al-driven allocation, and cloud computing. Real-time parking capacity, intelligent navigation,
and electronic payment option solutions enhance traffic flow, save fuel, and cut carbon emissions. This also
provides Al predictive analytic models which may optimize space utilization for better efficiency. The
ongoing evolution of smart city infrastructures will involve an increasingly prominent role of Smart parking
system to create urban parking systems that are efficient, intuitive, and sustainable. In addition, development
like blockchain security and automatic license plate recognition may further enhance the security and
reliability of Smart parking system.

In the future, intelligent parking systems can become more integrated with predictive analytics through Al,
making use of blockchain for secure transactions, and self-driving cars [4]. As smart cities continue to
advance, the call will be for smarter and interoperable parking systems optimized to interface with smart
transport networks. Also, green solution development of parking infrastructures such as solar-powered
parking lots and EV charging points is crucial to enhancing environmental sustainability.

The smart parking systems future will be based on developing technology and becoming a part of the smart
city system. Some of the major development opportunities are:
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« Al and Predictive Mechanics: The need for prediction and dynamic pricing models will be enhanced
with machine learning algorithms.

« Blockchain-based Secure Transactions: Increased data protection and transparency of parking fee
payment and user verification.

» Autonomous Parking Vehicles: Smooth automated parking with integration of autonomous vehicles.

« 5G-l0T: Improved system performance through quicker transmission of data and real-time monitoring.

« Parking Development Sustainability: Increasing deployment of renewable energy such as solar-
powered parking garages, and further expansion of the EV charging network.

By enhancing the aforementioned laboriously left-out domains and utilizing to the fullest the technologies
that are only now finding practical uses, intelligent parking systems will keep expanding to ensure offering
additional urban mobility and assist in the development of smart transport networks in the future
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