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Abstract: The rise in urbanization and vehicle ownership has intensified parking challenges, resulting in traffic congestion,
resource wastage, and security concerns. Existing parking systems lack real-time updates, seamless booking integration,
and advanced security features, leading to inefficiencies and user dissatisfaction. This paper proposes a Parking Spot
Allocation System utilizing YOLOV3 for real-time vehicle detection and parking lot monitoring. The system integrates
advanced video analytics, dynamic occupancy updates, and a user-friendly booking platform to optimize parking
operations. Key features include theft detection modules, geolocation-based recommendations, reviewbased spot
suggestions, and license plate recognition to crossmatch with registered vehicles, notifying security of unauthorized
entries. By leveraging YOLOV3’s accuracy and speed, the system supports intelligent parking management, aligns with
smart city objectives, and promotes sustainable urban mobility.

Index Terms — Parking Management, YOLOvV3, Real-Time Detection

I. INTRODUCTION

In modern urban environments, the surge in vehicle ownership and limited parking infrastructure have made efficient parking
management a pressing concern. Traditional systems, reliant on manual operations or basic technology, often fail to address the
complexities of real-time parking demands, leading to driver frustration, traffic congestion, and underutilized parking spaces.
However, advancements in smart technologies have paved the way for innovative solutions to transform parking management.

Our proposed Parking Spot Allocation System leverages cutting-edge technologies such as real-time monitoring, video
analytics, and geolocation-based services to address these challenges. The system combines an intuitive booking platform with
live occupancy updates to ensure seamless reservations, while machine learning algorithms enhance security through theft
detection and instant notifications. By incorporating geolocation-based recommendations and user reviews, the system also
personalizes the parking experience, making it more convenient and efficient for users.

Beyond individual user benefits, the system contributes to the broader vision of sustainable urban development. By reducing
the time spent searching for parking, it helps minimize fuel consumption and vehicular emissions, supporting environmental
conservation efforts. Additionally, improved space utilization and traffic flow contribute to smarter, more livable cities. This
Parking Spot Allocation System represents a significant step toward integrating intelligent infrastructure into daily urban life,
aligning with the goals of modern smart city initiatives.

A. PROBLEM STATEMENT

Urban parking systems are increasingly plagued by inefficiencies, underutilized parking spaces, and high levels of driver
frustration. These issues largely stem from the absence of real-time updates, a lack of streamlined booking processes, and
insufficient security measures. Drivers often spend excessive time searching for available spots, leading to increased traffic
congestion, fuel wastage, and environmental concerns. Furthermore, the disjointed nature of current parking systems fails
to meet the evolving needs of modern urban mobility.

While several parking solutions have been introduced, most fall short of effectively integrating real-time occupancy data
with dynamic booking platforms. This lack of integration often results in spot conflicts, double bookings, and unnecessary
delays. Additionally, many systems neglect critical security concerns, such as theft detection and unauthorized access
prevention. Without a comprehensive approach that combines technology and user-centric design, these systems fail to
provide the efficiency and reliability required in today’s fast-paced urban environments.
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This project proposes the development of an intelligent Parking Spot Allocation System that addresses the shortcomings
of existing solutions. By leveraging real-time monitoring, advanced video analytics, and geolocation technologies, the
system will optimize parking space usage, enhance security, and significantly improve user convenience. The goal is to
facilitate a seamless and secure parking experience while supporting the broader objectives of sustainable smart city
initiatives. Through smarter parking management, this system aims to reduce traffic congestion, lower emissions, and
contribute to more efficient urban mobility infrastructure.

Il. LITERATURE SURVEY

A literature review serves as an academic document demonstrating understanding and depth of knowledge regarding scholarly
literature related to a specific topic, placed within its appropriate context. Typically, it constitutes a section of a dissertation, research
project, or comprehensive essay. However, it may also be assigned and evaluated as a standalone task. We picked three articles for
the survey :[1] SHINE:A Deep Learning Based Accessible Parking Manageable System, [2] Intelligent Face Recognition Based
Multi Location Linked 10T Based Car Parking System and [3] Research On Parking Space Detection and Prediction Model Based
On CNN-LSTM.

A. SHINE:A Deep Learning Based Accessible Parking Manageable System

The paper, ”Shine: A Deep Learning-Based Accessible Parking Management System”, introduces a novel system to address the
misuse of disability parking spaces in urban areas, particularly in South Korea. With the growing number of vehicles and limited
parking spaces, the unauthorized use of accessible parking has become a significant challenge. Shine employs deep learning,
specifically the YOLOV7 object detection model, to detect vehicles, license plates, and disability access badges. The system cross-
verifies these details with a central database to ensure that only authorized vehicles use accessible parking spaces. Shine achieves
high performance, with a mean Average Precision of 92.16%, significantly outperforming other models like YOLOV5, YOLOV4,
and Faster R-CNN.

It uses over 30,000 annotated images for training, designed to handle various environmental conditions such as low light, fog, and
rain. The system integrates hardware components like IP cameras, a GPU-powered mini-computer, and LED indicators, providing
real-time feedback. While currently focused on preventing unauthorized parking, the authors plan to enhance the system by including
real-time parking availability updates and adapting it for use in other countries. Shine demonstrates the potential of deep learning to
address urban challenges effectively and inclusively.

B. Intellignet Face Recognition Based MultiLocation Linked IOT Based Car Parking System

The paper presents an innovative smart parking system that integrates 10T and facial recognition to streamline urban parking
challenges. The system connects multiple parking locations into a centralized network, enabling real-time slot monitoring and
efficient allocation. It uses facial recognition powered by Convolutional Neural Networks (CNN) to verify driver identities at entry
and exit points, enhancing vehicle security and preventing theft. The system minimizes delays and congestion by providing alternative
slot recommendations when preferred spots are unavailable. With advanced optimization algorithms, it achieves high accuracy in slot
detection and driver verification while reducing environmental impact through decreased fuel consumption and pollution. This
approach aligns with smart city initiatives to improve parking efficiency, enhance security, and promote sustainable urban
development.

C. Research On Parking Space Detection and Prediction Model Based On CNN-LSTM

The paper "Research on Parking Space Detection and Prediction Model Based on CNN-LSTM?” addresses the pressing issue of
urban parking shortages caused by rapid vehicle ownership growth. It introduces a system that combines image processing techniques
and a hybrid deep learning model to detect parking space occupancy and predict future availability. Using grayscale conversion,
Canny edge detection, and Hough Transform, the system processes video data from parking lot cameras to identify whether spaces
are occupied or free. These methods ensure accurate and reliable detection under diverse environmental conditions. For prediction,
the system employs a CNN-LSTM model, where CNN extracts spatial features, and LSTM analyzes temporal sequences to forecast
parking demand.

This hybrid approach effectively captures spatiotemporal patterns in parking data, achieving low error rates and high prediction
stability. System was validated using 62 days of parking data and demonstrated superior performance compared to other models like
SVR, TCN, and BERT, particularly in terms of accuracy and goodness of fit. While the study focuses on data from a single parking
lot and normal weather conditions, future research aims to expand the model’s applicability to multiple parking lots and adverse
weather scenarios. This research highlights the potential of integrating deep learning with real time data to optimize parking resource
utilization, reduce traffic congestion, and enhance urban mobility.
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TABLE I. LITERATURE SURVEY TABLE

PAPER

DESCRIPTION

AUTHOR

Shine: A deep learning based accessible
parking management system

This describes a system that employs loT
for connectivity, face recognition
technology for driver verification, image
processing for security, and real-time
data analytics for efficient parking
management.

Congyue Wang,Chaofeng Wang,
Lele Wang, Jing Wang, Jiapeng Liao,
Yuan

Location Linked 10T Based Car Parking
System

Intelligent Face Recognition Based Multi

This describes ”Shine,” a system using
deep learning for object detection of
vehicles, license plates, and disability
badges, coordinated with a central server.

Dhiraj Neupanea, Aashish Bhattaraib,
Sunil Aryalc, Mohamed Reda
Bouadjenekc, Ukmin Seokb, Jongwon
Seok

Research on Parking Space Detection
and Prediction Model Based on CNN

This paper introduces an algorithm for
parking space detection and a CNN-

ZHUYE XU, XIAO TANG CHANGXI,
AND REN SHUAI ZHANG

LSTM LSTM model for short-term demand
prediction, achieving high accuracy and
low prediction errors.
I1l. METHODOLOGY

The parking management system utilizing YOLOV3 operates through a structured pipeline to ensure efficient vehicle detection,
tracking, and occupancy monitoring. Initially, video feeds from strategically placed parking lot cameras are processed using
YOLOvV3, which detects vehicles by drawing bounding boxes and assigning class labels to distinguish between different vehicle
types. The model’s deep convolutional neural network enables it to analyze frames in real time, ensuring high-speed detection
without compromising accuracy. Detected vehicle positions are mapped to predefined parking slots, allowing the system to
dynamically track occupancy status. To enhance accuracy, the system continuously updates its occupancy database by cross-
referencing detections across multiple frames, reducing false positives and negatives.

When a user searches for a parking spot, the system processes their geolocation data and provides recommendations for the
nearest available spaces. The integration of real-time data ensures that users receive up-to-date parking availability, reducing
congestion and optimizing space utilization. Beyond parking space allocation, the system incorporates security monitoring by
detecting anomalies such as unauthorized vehicle movement, prolonged parking durations, or suspicious activities. If an anomaly
is detected, instant alerts are issued to security personnel or vehicle owners, improving safety and preventing potential theft or
misuse of parking areas.

The system’s intuitive mobile and web application interface allows users to access parking updates, view live footage, and
receive security notifications seamlessly. By leveraging YOLOV3’s efficiency and real-time processing capabilities, this intelligent
parking solution contributes to the development of smarter, more organized urban environments, aligning with modern smart city
initiatives.

IVV. PROPOSED SYSTEM

The proposed parking security system leverages a CNN to identify and label individual parking slots within a parking lot, and
YOLOV3 to detect each slot’s occupancy status.First, the CNN processes images from overhead cameras to recognize and segment
each slot, assigning a unique identifier to create a structured layout of the parking area. .Once the slots are identified, YOLOvV3
continuously monitors each slot using real-time video feeds to determine whether each slot is occupied or vacant, updating the
status on a user-accessible dashboard.To enhance security, background subtraction detects any unusual movement around parked
vehicles, such as tampering or unauthorized access, triggering an alert for security personnel if necessary.Face recognition is also
applied to identify individuals around the vehicles, verifying authorized users and flagging suspicious behavior.The combined use
of CNN for slot detection, YOLOvV3 for occupancy monitoring, and advanced security features provides an efficient and secure
parking management solution that updates availability in real time and enhances safety for all users. Parking Spot Detection and
Allocation The system uses a CNN to process images captured from overhead parking cameras,identifying and segmenting each
parking slot with a unique identifier. This structured mapping allows the system to track slot occupancy in real-time. YOLOvV3
continuously monitors the parking lot using video feeds, identifying whether a slot is occupied or vacant. The dynamic updates are
reflected on a user-accessible dashboard, allowing users to check availability instantly. Furthermore, the system integrates with a
booking platform, enabling users to reserve parking spaces in advance through a mobile application, thereby reducing wait times
and improving overall efficiency

A. Geolocation-Based Recommendations

The parking system leverages GPS technology and real time parking data to assist users in locating available parking spaces
efficiently. By analyzing real-time traffic conditions, parking demand, and user proximity, the system recommends the most suitable
and nearest parking spots. Additionally, dynamic navigation guidance directs users to their allocated spots, minimizing congestion
and unnecessary travel.
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B. .Review-Based Spot Suggestions

The system includes a rating and review mechanism that enables users to provide feedback on parking spaces. Machine learning
algorithms analyze user reviews to generate personalized spot suggestions for new users, enhancing decision making. The system
also identifies underutilized or negatively rated spots and provides insights to parking authorities for potential improvements. Real-
time feedback and recommendations within the mobile application ensure a seamless and user-friendly parking experience, fostering
trust and reliability among users.

C. License Plate Recognition (LPR)

To streamline entry and exit authentication, the system employs Optical Character Recognition (OCR) to extract license plate
details from vehicle images. The recognized plate numbers are cross-verified with a database of authorized vehicles, allowing for
automated access control. Unauthorized or unregistered vehicles trigger alerts, preventing fraudulent use of parking spaces.
Additionally, the integration of the LPR system with digital payment solutions enables automatic billing based on entry and exit
times, eliminating the need for manual intervention and improving operational efficiency.

D. Theft Detection and Security Monitoring

Security is enhanced through the use of face recognition technology and continuous monitoring via parking cameras. The system
detects the presence of individuals near a parked vehicle for more than five minutes, flagging potential theft attempts. If an individual
remains near a vehicle beyond this threshold, an alert is immediately sent to security personnel for intervention. Additionally, the
system cross-references detected faces against a database of registered users, identifying any unrecognized individuals. The
integration of parking cameras ensures constant surveillance, providing an additional layer of security for parked vehicles and
ensuring a safer parking environment.

E. Real-Time Monitoring and Smart Alerts

The system provides real-time updates on parking slot availability, ensuring that users and administrators have access to accurate
and up-to-date information. Instant notifications are sent to parking operators and security teams in case of irregularities, ensuring
prompt responses. Additionally, a mobile dashboard offers live video feeds, security alerts, and analytical insights, helping
administrators optimize parking operations and improve security measures effectively.

V. PROPOSED SYSTEM DESIGN

The Parking Spot Allocation System employs an automated real-time imaging setup to monitor parking lot occupancy and manage
parking operations effectively. The system integrates YOLOVv3 for vehicle detection, dynamic occupancy updates, and advanced
security features such as theft detection using face and human recognition. Below is the detailed design of the system.
A.Training Phase
» Dataset: The initial dataset contains images of various vehicles in parking lots under different lighting and environmental conditions.
» Augmentation: Techniques such as rotation, scaling, cropping, and brightness adjustments are applied to diversify the dataset,

ensuring the YOLOv3 model generalizes effectively across different scenarios.
* YOLOv3 Architecture:
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Figure 1. Architecture Diagram

a) Backbone: Deep CNN with residual connections used to extract features from the input image.
b) Neck: Combines features from different layers for multi-scale detection (13x13, 26x26, 52x52).

c)Head: Generates final predictions by outputting bounding boxes, confidence scores, and class labels at three different scales.
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B. Testing Phase

« Input:Real-time video feeds from surveillance cameras placed at strategic locations in the parking lot.

* Image Preprocessing: Frames from video feeds are preprocessed to enhance quality, reduce noise, and normalize the data, ensuring
optimal detection accuracy.

* Theft Detection Module: Human Detection: Identifies unauthorized individuals in restricted of the parking lot.

» Face Recognition: Verifies individuals against a database of registered users to detect potential theft or unauthorized access.

* Geolocation-based Recommendations: Uses GPS data from user’s devices to recommend nearby available parking spots based on
their current location.

* Review-based Spot Suggestions: Integrates user feedback and reviews to suggest parking spots with higher user satisfaction and
reliability.

C. Security and Data Storage

* Video Storage:Surveillance footage is stored securely for post-event analysis in case of theft or disputes.

» Feature Database:Extracted features (vehicle types, faces, human activities) are stored in a feature database for reference during
testing and for future improvements.

* Bounding Box Regression and Confidence Score:The YOLOvV3 model predicts bounding boxes around detected vehicles and
assigns confidence scores, ensuring precise localization and detection.

VI. RESULT

The YOLOv3-based Parking Spot Allocation System is a cutting-edge solution designed to enhance parking management through
real-time monitoring and automated verification of reserved slots. By utilizing advanced number plate recognition (NPR), the system
accurately verifies whether a booked vehicle is parked in its designated slot. If an unauthorized vehicle is detected, it immediately
flags the discrepancy for further action.

This real-time tracking mechanism ensures that users and administrators always have up-to-date information about parking
availability, reducing uncertainty and improving operational efficiency. By automating the slot verification process, the system
eliminates the need for manual checks, creating a seamless and hassle-free experience for users. It not only streamlines the parking
process but also enhances security by preventing unauthorized parking, ensuring that only reserved vehicles occupy designated slots.
This reduces misuse and enforces better parking discipline, making the system a valuable tool for urban infrastructure. Additionally,
the system integrates real-time video analytics to optimize parking space allocation, effectively reducing congestion and maximizing
resource utilization.

By efficiently managing reservations and ensuring proper space distribution, it enhances overall parking efficiency. This smart
parking system is an innovative solution that improves security, enhances user convenience, and contributes to the modernization of
urban parking infrastructure, making it a highly effective and valuable addition to any city’s parking management framework
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