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ABSTRACT

The increasing number of vehicles in urban areas has led to significant challenges in parking management, including traffic congestion, inefficient space utilization,
and environmental pollution. Parking Space Detection Systems (PSDS) have emerged as a viable solution to address these challenges. This paper presents a
detailed review of PSDS using OpenCV, an open-source computer vision library. We explore the methodologies, algorithms, and techniques employed in OpenCV-
based PSDS, including image processing, object detection, and machine learning integration. The paper also discusses the advantages, limitations, and real-world
applications of OpenCV in parking space detection. Furthermore, we highlight the challenges and future directions for research in this domain. The findings of
this study aim to provide researchers and practitioners with a comprehensive understanding of OpenCV-based PSDS and its potential for improving parking
management systems.
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1. Introduction
1.1 The Need for Efficient Parking Management

The rapid pace of urbanization, coupled with an increasing number of vehicles on the road, has led to severe challenges in parking management. Congested
cities worldwide struggle with inefficient parking systems, which contribute to traffic congestion, unnecessary fuel consumption, and environmental
pollution. Traditional parking management relies on manual supervision or sensor-based systems that often fail to provide real-time information about
parking space availability. This results in drivers spending excessive time searching for vacant parking spots, leading to frustration and additional strain
on urban infrastructure.

As vehicle ownership continues to rise, particularly in densely populated urban areas, cities must adopt smart parking solutions to optimize space
utilization and improve traffic flow. The integration of computer vision and artificial intelligence into parking management systems has proven to be a
game-changing approach. These technologies enable automated detection, monitoring, and management of parking spaces, leading to reduced congestion
and lower emissions.

Additionally, inefficient parking space utilization can impact commercial and business districts by reducing customer accessibility and increasing
operational costs. A well-implemented Parking Space Detection System (PSDS) using OpenCV can address these challenges by offering real-time
monitoring, data analytics for future planning, and automated vehicle detection, ensuring smooth parking operations in both public and private sectors.

1.2 OpenCV in Parking Space Detection Systems (PSDS)

OpenCV (Open-Source Computer Vision Library) has emerged as a powerful and cost-effective tool for developing Parking Space Detection Systems
(PSDS). OpenCV provides a vast collection of image processing, object detection, and machine learning algorithms that allow developers to design robust
and efficient parking management solutions. Compared to traditional sensor-based parking systems, which require significant hardware investment,
OpenCV-bhased PSDS leverage existing surveillance cameras to analyze and identify available and occupied parking spaces in real time.

OpenCV’s compatibility with multiple programming languages, including Python, C++, and Java, enhances its versatility in different system
architectures. The ability to integrate OpenCV with machine learning and deep learning models further enhances the accuracy and automation of parking
space detection. By analyzing camera feeds, OpenCV can detect vehicles, determine whether a parking spot is vacant or occupied, and provide real-time
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updates to users. This system significantly reduces the dependency on human intervention, improving both efficiency and accuracy in parking
management.

By automating parking space detection using OpenCV, cities can move toward smarter, more sustainable urban mobility solutions. The implementation
of such systems will not only enhance parking efficiency but also contribute to reducing fuel consumption, traffic congestion, and environmental impact.
This paper serves as a valuable resource for researchers, developers, and policymakers interested in advancing smart parking technologies using OpenCV-
based solutions.

2. Literature Survey

Traditional parking systems rely on manual methods for parking space management, which are often inefficient and prone to errors. These systems
lack real-time monitoring capabilities, leading to increased search times for parking spaces and higher fuel consumption.

The advent of smart parking systems has revolutionized parking management by incorporating advanced technologies such as loT, wireless
sensor networks, and computer vision. These systems provide real-time data on parking space availability, enabling drivers to locate and reserve parking
spaces efficiently.

Several studies have explored the use of OpenCV for parking space detection. For instance, [1] proposed a vision-based approach using OpenCV for
real-time parking space detection. [2] introduced a machine learning-based system using OpenCV for vehicle detection and classification. More recently,
[3] explored the integration of deep learning with OpenCV for improved accuracy in parking space detection

3. Objectives
The current study aims to evaluate the applicability, predict-ability, and accuracy of Parking Space Detection System. The research aims to fulfil

following objectives:

e  Todevelop a user-friendly interface for users to interact with the system which will help the drivers quickly locate an empty parking spot.

e  Tofacilitate the users to view various parking areas and select the space to view whether space is available or not.

e  To facilitate the users to book and cancel their booked slots anytime.

e  To reduce the time spent on searching for parking and alleviating traffic congestion.

e  To detect wrongly parked vehicles using advanced machine learning algorithms.

e  To verify the car owner while exiting the parking lot.

e  Toidentify underutilized areas that could be repurposed or managed more efficiently.

e  To reduce fuel consumption and vehicle emissions associated with circling in search of parking.

4. Working of Smart Parking Space Detection System

1. User Searches for Parking

e  Before reaching the parking lot, the user can access a mobile application or web-based interface to search for the nearest available parking
space.

®  The system provides real-time data on vacant and occupied parking slots based on OpenCV-based image processing from surveillance
cameras.

e  The user can select a parking lot based on availability, location, and pricing (if applicable).
®  Once asuitable parking lot is found, the app may offer navigation assistance to help the user reach the selected parking location efficiently.
2. Real-time Parking Space Detection
®  The parking lot is equipped with high-resolution surveillance cameras that continuously monitor the area.
e  The camera feeds are processed using OpenCV algorithms, which analyse video frames to detect parked vehicles and empty spaces.
e  The system can differentiate between occupied and vacant spots using image-processing techniques such as:
o  Edge detection to identify car boundaries.

O  Colour segmentation to distinguish between vehicles and empty spaces.
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O Machine learning models (optional) to improve accuracy in detecting cars.
®  The processed data is sent to the central server, which updates the user interface (Ul) in real-time, displaying available parking spots to users.
3. User Arrives at the Parking Lot
e  Upon arriving at the parking lot, the user follows the guidance provided by the app or display screens installed at the entrance.
e The system may offer automatic space allocation, where it directs the user to the nearest available parking slot.
e  Some advanced implementations may include license plate recognition (LPR) to:
O  Automatically register the vehicle’s entry.
o  Enhance security by preventing unauthorized parking.
®  Once the user parks their vehicle in the assigned or selected space, the system marks the spot as occupied in the database.
4. User Payment & Exit
e When the user is ready to leave, they can initiate the payment process through multiple methods, including:
O  Mobile payment gateway (integrated within the app).
O QR code scanning linked to online payment.
O  Automated payment booths at the parking lot exit.
e After payment is confirmed, the system updates the database, marking the parking space as available again.

e If license plate recognition is implemented, the exit barrier may automatically open for the registered vehicle, providing a seamless exit
experience.

e  The system may also provide parking duration details, receipts, or analytics for the user to track their parking usage over time.
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5. OpenCV-Based Parking Space Detection System
5.1 Overview of OpenCV

OpenCV is an open-source computer vision library that provides a wide range of algorithms for image processing, object detection and machine
learning. It supports multiple programming languages, including Python, C++ and Java, making it a versatile tool for developing PSDS.

5.2 Image Processing Techniques

Image processing is a critical component of OpenCV-based PSDS. Techniques such as image filtering, edge detection, and thresholding are
commonly used to pre-process images and extract relevant features.

5.2.1 Image Filtering

Image filtering techniques, such as Gaussian blur and median blur, are used to reduce noise and enhance the quality of images. These techniques
improve the accuracy of subsequent processing steps [4].

5.2.2 Edge Detection

Edge detection algorithms, such as Canny and Sobel, are used to identify the boundaries of objects in images. These algorithms are essential for
detecting the presence of vehicles in parking spaces [5].

5.2.3 Thresholding

Thresholding techniques are used to convert grayscale images into binary images, simplifying the process of object detection. Adaptive thresholding
is particularly useful for handling varying lighting conditions [6].

5.3 Object Detection Techniques

Object detection is a key component of OpenCV-based PSDS. Techniques such as Haar cascades, HOG (Histogram of Oriented Gradients), and deep
learning-based methods are commonly used for vehicle detection.

5.3.1 Haar Cascades

Haar cascades are machine learning-based object detection algorithms that use a series of classifiers to detect objects in images. These algorithms
are computationally efficient and suitable for real-time applications [7].

5.3.2 HOG (Histogram of Oriented Gradients)

HOG is a feature descriptor. It is used for object detection. It works by analysing the distribution of gradient orientations in an image. HOG is often
used in conjunction with SVM (Support Vector Machines) for vehicle detection [8].

5.3.3 Deep Learning-Based Methods

Deep learning-based methods, such as YOLO (You Only Look Once) and SSD (Single Shot Detector), have shown remarkable performance in object
detection tasks. These methods can be integrated with OpenCV for improved accuracy and real-time performance [9].

5.4 Machine Learning Integration

Machine learning algorithms, such as SVM and k-nearest neighbours (k-NN), can be integrated with OpenCV for classification and prediction tasks.
These algorithms analyse image data to determine parking space occupancy [10].

5.5 Real-Time Performance

OpenCV-based PSDS can achieve real-time performance by leveraging efficient algorithms and hardware acceleration. However, the computational
requirements of deep learning-based methods pose challenges for implementation in resource-constrained environments [11].



International Journal of Research Publication and Reviews, Vol 6, Issue 4, pp 13357-13364 April 2025 13361

Output

5.6 Types of Smart Parking Systems

Table 1 categorizes different smart parking systems based on technology and implementation.

Table 1
Type Technology Used Advantages
Sensor-Based Ultrasonic, Infrared, Magnetic Sensors ||High accuracy, real-time data
Vision-Based Al-powered cameras Detailed space analysis
Cloud connectivity, real-time . . .
loT-Enabled L Seamless integration with apps
monitoring
Automated Parking Robotic parking facilities Maximum space utilization

6. Methodology

The proposed PSDS integrates various technologies to detect parking occupancy. The system comprises:
e  Sensor-Based Detection: Ultrasonic, infrared, or magnetic sensors installed in parking spaces detect vehicle presence [9].

e  Vision-Based Detection: Cameras and computer vision algorithms analyse parking lots for available spaces [10].
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e 10T and Cloud Integration: Real-time data from sensors and cameras are transmitted to a central server for processing and user access via a
mobile application [11].

e  Machine Learning for Optimization: Predictive algorithms analyze historical data to optimize parking predictions and enhance accuracy
[12].

System Component

Table 2 presents the primary components of the proposed PSDS.

Table-2
Component Functionality
loT Sensors Detect parking occupancy
Cameras Provide real-time visual monitoring
Cloud Server Processes and stores data
Mobile App Displays real-time parking status

7. Applications of OpenCV-Based PSDS

OpenCV-based Parking Space Detection Systems (PSDS) play a crucial role in modern parking management by leveraging computer vision and real-
time image processing. These systems offer efficient, automated, and data-driven solutions to enhance urban mobility, reduce congestion, and optimize
parking space utilization. Below are some key applications of OpenCV-based PSDS:

7.1 Smart Parking Systems

OpenCV-based PSDS are widely used in smart parking systems to provide real-time data on parking space availability. By processing surveillance camera
feeds and detecting vacant and occupied spots, these systems enable drivers to locate and reserve parking spaces through mobile applications or web
interfaces. This reduces traffic congestion, fuel consumption, and carbon emissions caused by vehicles searching for parking. Additionally, integrating
Al-based predictive analytics allows these systems to forecast parking demand, helping city planners and businesses optimize parking management.

7.2 Automated Parking Lots

Automated parking lots use OpenCV-based PSDS to monitor parking space occupancy and guide vehicles to available spots using dynamic digital signage
or mobile navigation assistance. These systems minimize the need for manual supervision, reducing labour costs and human errors. Some advanced
implementations integrate robotic valet parking, were automated mechanisms or self-driving technology assist in parking cars without driver intervention.
Additionally, by incorporating license plate recognition (LPR) and automated payment systems, vehicles can enter, park, and exit seamlessly, improving
user convenience and operational efficiency.

7.3 Urban Mobility Solutions

OpenCV-based PSDS play a vital role in urban mobility solutions by providing real-time parking data to municipal authorities, transportation planners,
and smart city ecosystems. By integrating parking space detection with traffic management systems, cities can dynamically redirect vehicles to less
congested areas, optimizing road usage. Furthermore, smart navigation applications can use PSDS data to suggest alternative routes and nearby available
parking, reducing overall travel time. In densely populated areas, these systems contribute to reducing illegal parking, improving pedestrian safety, and
optimizing the use of available urban spaces.

8. Challenges and Future Directions
8.1 Challenges

Despite the advancements in OpenCV-based PSDS, several challenges remain. These include the high computational requirements of deep learning-
based methods, the complexity of image processing in varying environmental conditions, and the need for robust communication networks [15].
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8.2 Future Directions

Future research in OpenCV-based PSDS should focus on the development of energy-efficient algorithms, the integration of advanced machine
learning techniques, and the use of edge computing for real-time processing. Additionally, the adoption of 5G technology can enhance the communication
capabilities of PSDS, enabling faster and more reliable data transmission [16].

9. Result Analysis
The goal was to detect and analyze parking spaces in each image or video feed to determine whether each space is occupied or vacant. This was
achieved using OpenCV for image processing and computer vision techniques.
1.  Parking Space Data:
o  Each parking space is represented as a dictionary with attributes like id, coordinates, status, and confidence.
2. Table Creation:
O  Ablank white image is created using np. zeros to serve as the table background.
O  Headers (Space ID, Status, Confidence) are drawn at the top of the table.
3. Row Population:
o  For each parking space, the id, status, and confidence are displayed in the corresponding columns.
O The status is color-coded: Green for "Vacant" and Red for "Occupied”.
4. Display:
O  Thetable is displayed in an OpenCV window using cv2.imshow.

The Authors have created a table that summarizes the detection results for each parking space. This table includes metrics such as space ID, occupancy
status, confidence level, and other relevant information. The table provides a structured overview of parking availability, allowing for efficient monitoring
and management. Additionally, it helps in analysing system accuracy and performance trends over time, facilitating future improvements in detection
algorithms.

By integrating these metrics, the system can generate real-time insights into parking space utilization, enhancing decision-making for both users and
parking lot administrators. The data collected can also be used to optimize space allocation, reducing traffic congestion within parking areas. Furthermore,
incorporating historical occupancy trends into predictive models can improve parking availability forecasting. Such advancements contribute to creating
a more intelligent and efficient parking management system. The structured data representation in the table aids in debugging and refining the detection
algorithms, ensuring continuous system enhancements and improved reliability over time.

Table -3 Result

Space ID Status Confidence
1 Vacant 0.95
2 Occupied 0.90
3 Vacant 0.98

10. Conclusion

OpenCV-based Parking Space Detection Systems (PSDS) have become an essential part of smart city infrastructure, addressing key challenges like
traffic congestion, inefficient parking management, and environmental pollution. By utilizing computer vision and real-time image processing, these
systems provide accurate parking space availability updates, reducing the time and effort required to find parking. The integration of machine learning
and deep learning has further enhanced detection accuracy, enabling more efficient parking management in urban areas.

The incorporation of 10T and cloud computing into PSDS allows for seamless remote monitoring and real-time data access, improving overall parking
resource utilization. By leveraging adaptive traffic management strategies, these systems help reduce congestion, minimize fuel consumption, and enhance
urban mobility. Additionally, advancements in license plate recognition, mobile-based payment gateways, and automated guidance systems contribute to
a more convenient and user-friendly parking experience.

Despite significant progress, challenges such as environmental factors, scalability, computational costs, and privacy concerns still need to be addressed.
Future research should focus on developing cost-effective, energy-efficient, and highly scalable solutions, integrating hybrid sensor technologies
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alongside OpenCV for improved detection reliability. As cities continue to evolve, OpenCV-based PSDS will play a crucial role in enhancing urban
infrastructure, reducing traffic inefficiencies, and contributing to the development of fully autonomous smart parking systems.

Furthermore, advancements in edge computing and 5G technology can enhance real-time processing capabilities, reducing system latency and improving
accuracy. The combination of Al-driven predictive analytics and high-resolution imagery will further optimize parking management by forecasting
demand patterns and dynamically adjusting space allocation. Additionally, integrating blockchain technology for secure transactions and renewable
energy sources for sustainability can make these systems more reliable and eco-friendlier. As smart city initiatives expand, these innovations will ensure
that parking detection systems become smarter, more responsive, and seamlessly integrated into urban environments, ultimately improving the quality of
life for city dwellers.
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