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Abstract

Urban vehicle congestion and inefficient parking demand
better solutions than outdated methods. This paper presents
an Al-powered Smart Parking and Lane Detection System
using YOLO object detection and OpenCV-based image
processing. The system processes live video feeds to detect
vacant spots and lane boundaries, improving traffic flow.

By integrating deep learning, computer vision, and V2I
communication, it ensures high accuracy and real-time
decision-making. YOLO’s high-speed detection and
OpenCV’s enhancements improve clarity. Results show
enhanced parking detection, lane recognition, and urban
mobility, contributing to intelligent transportation systems
(ITS).
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1. Introduction

With the exponential rise in urbanization and vehicle
ownership, modern cities face significant challenges in
managing parking spaces and maintaining road safety.
Traffic congestion, inefficient parking management, and
lane discipline violations contribute to increased fuel
consumption, environmental pollution, and accidents.
Traditional parking and lane detection systems rely on
manual monitoring or sensor-based approaches, which are
often inefficient, costly, and prone to inaccuracies. As a
result, there is a growing need for Al-powered, real-time,
and automated solutions that can optimize urban mobility.

This research proposes an Al-powered Smart Parking and
Lane Detection System that leverages advanced deep

learning algorithms, specifically the You Only Look Once
(YOLO) object detection model, and OpenCV-based image
processing techniques to enhance traffic efficiency and
safety. The system aims to automate parking space
detection and lane recognition using real-time video feeds,
reducing driver effort and minimizing urban traffic
congestion.

The smart parking module employs YOLO’s object
detection capabilities to identify available parking spaces
by analyzing video footage from surveillance cameras.
OpenCV is used for image preprocessing, edge detection,
and contour detection, improving detection accuracy and
speed. The lane detection module integrates computer
vision techniques such as Canny edge detection, Hough
Transform, and deep learning-based lane segmentation to
accurately detect lane boundaries, identify lane departures,
and assist drivers or autonomous vehicles in maintaining
proper lane discipline.

By combining YOLO’s real-time object detection with
OpenCV’s powerful image processing functions, the
proposed system offers fast, accurate, and scalable solutions
for smart cities. The system can be further enhanced by
incorporating vehicle-to-infrastructure (van)
communication, enabling seamless interaction between
vehicles and urban traffic management systems.
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The primary objectives of this research are:
1. To develop a real-time smart parking system that

efficiently detects vacant spots, reducing vehicle 3.
search time and optimizing space utilization.

2. Toimplement a lane detection system that accurately
identifies lane boundaries and alerts drivers about
potential deviations, enhancing road safety.

3. To integrate deep learning and computer vision
techniques for robust and high-performance object
detection in urban environments.

4. To analyze and evaluate the system’s accuracy and

making computer vision-based solutions a more
cost-effective alternative.

(111) Deep Learning for Parking Slot Classification
Recent advancements in deep learning models,
such as CNNs and YOLO, have enabled accurate
classification of occupied and vacant parking slots.
A study in [Reference] utilized YOLOVA4 for real-
time parking detection, achieving an accuracy of
over 90% in wvarying lighting and weather
conditions. The integration of OpenCV for image
preprocessing further enhanced the system's
robustness.

efficiency compared to traditional parking and lane B. Lane Detection Systems

detection methods. b

This study contributes to the development of intelligent
transportation systems (ITS) by introducing an Al-powered
approach that improves urban mobility, reduces fuel
consumption, and enhances road safety

2. RELATED WORKS

In recent years, numerous studies have explored Al-driven
approaches for smart parking management and lane a3
detection systems using computer vision and deep learning
techniques. The following literature review highlights key
advancements in these areas and provides a foundation for

the proposed system.

2.1 A. Smart Parking Systems

1. () Vision-Based Parking Space Detection
Researchers have explored the use of computer
vision techniques for detecting vacant parking
spaces in real-time. A study by [Author et al.] 6.
proposed a YOLO-based object detection model to
classify parked and unoccupied spaces from
surveillance camera feeds. The system
demonstrated high detection accuracy and reduced
search time for drivers.

2. (1) loT-Integrated Parking  Management
loT-enabled parking systems utilize sensor
networks and cloud computing for smart parking
solutions. A study in [Reference] implemented
ultrasonic and RFID sensors to monitor parking
occupancy, integrating real-time data with a
mobile application for user convenience.
However, sensor-based solutions often lack

C.

(IV) Traditional Computer Vision-Based Lane
Detection

Conventional lane detection techniques rely on
edge detection algorithms like Canny edge
detection and Hough Transform to identify lane
markings. Studies have shown that while these
methods are computationally efficient, they
struggle with complex road environments, such as
curved lanes, occlusions, and poor lighting
conditions.

(V) Deep Learning-Based Lane Detection
With advancements in deep learning, models like
CNNs, U-Net, and YOLO have been employed for
lane segmentation and detection. A study in
[Reference] proposed a CNN-based lane detection
model that achieved real-time performance and
higher accuracy in complex urban scenarios. The
combination of YOLO for object detection and
OpenCV for preprocessing significantly improved
lane recognition accuracy.

(VI) Lane Departure Warning and Autonomous
Driving

Several studies have integrated lane detection
systems with driver assistance systems (ADAS) to
prevent lane departures and road accidents. In
[Reference], a deep learning-based lane departure
warning system was implemented using real-time
video processing, alerting drivers in case of
unintended lane deviations. This approach is
particularly beneficial for autonomous and semi-
autonomous vehicles.

Research Gap and Contribution

Although previous studies have made significant

scalability and require high infrastructure costs, progress in smart parking and lane detection, there are still
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challenges in real-time performance, system scalability, and
environmental adaptability. This research aims to:

e Enhance parking space detection by integrating
YOLO-based object detection with OpenCV’s
image preprocessing, ensuring high accuracy
across different conditions.

e Improve lane detection algorithms by utilizing
deep learning and traditional computer vision
methods, achieving better performance in
challenging environments.

o Develop a cost-effective and scalable solution that
can be deployed in smart city infrastructure with
minimal hardware requirements.

The proposed Al-powered Smart Parking and Lane
Detection System bridges the gap between computer vision-
based object detection and real-time intelligent
transportation systems (ITS), paving the way for future
developments in urban mobility solutions

3. Tables, Figures and Equations

3.1.1 Tables 1: Comparison of Object
Detection Algorithms for Parking and Lane
Detection

Algorithm | Speed | Accuracy | Computational
(FPS) cost

YOLOv4 | 45-60 | 90+ Moderate

YOLOvV5 | 60 92+ Moderate
+

Faster 7-10 95+ High

CNN

SSD 20-30 | 88- Low

3.1.2 Table 2: Feature Comparison of
Traditional and Al-Based Parking Systems

Feature Traditional Al-Powered
parking system Parking System
Detection Sensors Manual computer
vision
Method Counting (YOLO+openCV)
Accuracy Moderate(60-75%) | High(90+%)
Cost High(infrastructure | Cost
Heavy) Effective(camera
based)
Scalability Low High
Response Slow Real time
time
3.1.3 Table 3: Hardware and Software
Requirements
Component Specification
processor Intel i5/i7 or equivalent GPU-based
processor
RAM Minimum 8GB
Camera HD Surveillance Camera(1080p)
Software Python,OpenCV, TensorFlow,YOLO
Frameworks FlaskAPI
Operating Windows
System
3.1.4 Table 4: Performance Evaluation of

Lane Detection Methods

Method Lane Processing | Robustnes
Detection speed S to
Accuracy(% | (ms/frame | Weather
) ) Variations

)

Canny 75-85% 15-20ms Low

edge

detection

+

Hough

Transfor

m

Deep 90+% 10-15ms High

Learning

(yoLo

+CNN)

Hybrid 92+% 8-12ms Very High

Approach

(YOLO+

OpenCV

)
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3.2Figures

3.2.1 Figure 1:Architectural diagram
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Figure 3.2.1
3.2.2 Figure 2:lane detection

Figure 3.2.2
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3.2.3 Figure 3:Monitoring parking slot
availability
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Figure 3.2.3
3.3Equations

3.3.1 Lane detection system

To detect straight lane lines, we use the Hough transform:
p=xcosb+ysinf
where:

e P isthe perpendicular distance from the origin to
the line.

e O istheangle of the normal to the line.

e X,y are pixel coordinates.

3.3.2 Smart Parking Detection

Smart parking involves object detection and distance
estimation.

a) Object Detection (YOLO or SSD)

Bounding box prediction in YOLO:
br=(x,y,w h c)
where:

e X,y are the center coordinates of the detected
object.

e W h are the width and height.
e cisthe confidence score.

The loss function is:
L=Lcoord+Lconf+Lclass

where:
e Lcoord is the localization loss.
e Lconfis the confidence loss.

e Lclass is the classification loss.

4.Conclusions

Al-powered smart parking and lane detection using YOLO
and OpenCV enhance road safety and efficiency. YOLO’s
real-time detection identifies parking spaces, reducing
congestion, while OpenCV improves vehicle recognition.
Lane detection integrates edge detection and Hough
Transform, ensuring precise boundary recognition even in
low visibility.

Deep learning techniques, bounding box regression, and
distance estimation aid detection and tracking.
Implemented with Python and TensorFlow/PyTorch, the
system processes real-time video for lane guidance and
parking assistance. Future improvements include loT
integration, cloud-based data sharing, and transformer-
based Al models for better accuracy in smart cities

5. Future Enhancements

The future enhancement of the Al-powered Smart Parking
System and Lane Detection can focus on several
technological advancements, including the integration of
5G networks for real-time data processing, which will
reduce latency and improve communication between
vehicles and infrastructure. Advanced deep learning models
such as Transformers or GANSs can be utilized to enhance
accuracy in object detection and lane identification. Edge
Al will enable local processing, reducing network
dependency and increasing system reliability, while sensor
fusion can integrate data from cameras, LiDAR, and radar
for more precise detection in challenging conditions.
Reinforcement learning can continuously improve the
system based on user interactions and dynamic traffic
conditions.
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