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ABSTRACT: As urbanization increases and the number of vehicles on roads continues to rise, efficient parking
management has become a significant challenge in modern cities. Traditional parking systems, which rely on manual
monitoring or hardware-based sensors, often suffer from high installation costs, maintenance issues, and lack of real-time
accuracy. These limitations lead to traffic congestion, fuel wastage, and driver frustration due to the time spent searching
for available parking spaces. Although earlier approaches have explored sensor-based and basic image processing
techniques, they often fail to provide scalable and reliable solutions under dynamic real-world conditions, highlighting
the need for a smarter and more efficient system.

This study presents a vision-based smart parking space detection system using YOLO (You Only Look Once) and
OpenCV to address these challenges. The system utilizes real-time video input from cameras to detect vehicles and
determine parking slot occupancy by mapping detected objects to predefined regions. By eliminating the need for physical
sensors and leveraging existing camera infrastructure, the proposed approach ensures cost-effectiveness and scalability.
A Flask-based web dashboard provides real-time updates on parking availability, improving user accessibility and
decision-making. The results demonstrate that the system achieves high accuracy and performs effectively under varying
environmental conditions, making it a practical solution for smart city applications and intelligent transportation systems.
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L. INTRODUCTION

Managing parking spaces efficiently in rapidly growing urban environments has become a significant challenge,
particularly with the continuous increase in vehicle density. Traditional parking management systems rely heavily on
manual supervision or hardware-based sensors to monitor parking availability. While these approaches provide basic
functionality, they are often expensive to deploy, difficult to maintain, and lack real-time accuracy. As urban
infrastructures expand to include commercial complexes, campuses, and smart city environments, the complexity of
monitoring parking spaces across multiple locations has driven researchers to explore automated and intelligent solutions
based on computer vision and artificial intelligence.

Recent developments in parking automation have introduced vision-based systems that utilize camera feeds to detect
vehicle presence and monitor parking occupancy. Early approaches focused on image processing techniques such as
background subtraction, edge detection, and thresholding to identify vehicles within parking areas [1], [2]. While these
methods demonstrated initial success, they often struggled under varying lighting conditions, occlusions, and dynamic
environmental changes. To improve detection accuracy, machine learning techniques such as Support Vector Machines
(SVM) and k-Nearest Neighbors (KNN) were introduced, enabling better classification of parking slot occupancy based
on extracted image features [3], [4]. However, these methods required manual feature engineering and lacked the
robustness needed for large-scale real-time deployment.

More recently, deep learning-based object detection models have gained significant attention for their ability to perform
accurate and real-time detection. Techniques based on Convolutional Neural Networks (CNNs) [13]-[15], particularly
YOLO (You Only Look Once) [16]-[17], have demonstrated high efficiency in detecting vehicles within complex
environments [5], [6]. YOLO processes entire images in a single pass, enabling faster detection compared to traditional
multi-stage methods. Researchers have further enhanced these systems by integrating Region of Interest (ROI) mapping
and centroid-based analysis to determine parking slot occupancy more precisely [7], [8]. Additionally, combining these
detection models with web-based platforms has enabled real-time visualization and accessibility for users, improving the
overall usability of parking management systems [9].
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Despite these advancements, existing systems still face several limitations. Many approaches focus primarily on vehicle
detection without providing a complete end-to-end solution that includes real-time data processing, visualization, and
scalability [10]. Furthermore, some systems require high computational resources or fail to maintain consistent
performance under real-world conditions such as poor lighting or weather variations [11]. These limitations highlight the
need for an integrated and efficient system capable of delivering accurate, real-time parking information while remaining
cost-effective and scalable.

To address these challenges, this research proposes a smart parking space detection system using YOLO and OpenCV.
The system leverages real-time video input to detect vehicles and determine parking occupancy through region-based
mapping techniques. By eliminating the dependency on physical sensors and utilizing existing camera infrastructure, the
proposed approach offers a practical and scalable solution for modern parking management. The integration of a web-
based dashboard further enhances accessibility, enabling users to monitor parking availability in real time. This work
aims to contribute toward the development of intelligent, vision-based systems that support efficient parking management
in smart city environments.

II. LITERATURE REVIEW

2.1 Vision-Based Parking Detection Systems

Research in parking management has gradually shifted from manual monitoring and sensor-based systems toward vision-
based approaches that utilize camera inputs for detecting parking occupancy. Traditional systems relied on ultrasonic,
infrared, and magnetic sensors embedded within parking spaces to detect vehicle presence [1], [2]. While these systems
offered basic automation, they were expensive to install, required frequent maintenance, and were prone to failure due to
environmental conditions. As a result, researchers began exploring camera-based systems that eliminate the need for
physical sensors and provide scalable solutions for large parking areas. Vision-based systems utilize image processing
techniques to monitor parking slots and determine occupancy using visual data, making them more flexible and cost-
effective for real-world deployment.

2.2 Image Processing and Machine Learning Approaches

Early vision-based parking systems primarily relied on classical image processing techniques such as background
subtraction, edge detection, and thresholding to identify vehicles in parking areas [3], [4]. These approaches were
effective in controlled environments but struggled under dynamic conditions such as varying lighting, shadows, and
occlusions. To improve performance, machine learning techniques such as Support Vector Machines (SVM) and k-
Nearest Neighbors (KNN) were introduced for classifying parking occupancy based on extracted features [5], [6].
Although these methods improved detection accuracy, they required manual feature engineering and were not suitable
for real-time applications in large-scale environments.

2.3 Deep Learning-Based Object Detection Models

Recent advancements in deep learning have significantly improved the accuracy and efficiency of parking detection
systems. Convolutional Neural Networks (CNNs) and object detection models such as YOLO (You Only Look Once)
have been widely adopted for real-time vehicle detection [7], [8]. YOLO processes entire images in a single pass, enabling
faster detection compared to traditional multi-stage methods. Researchers have combined YOLO with Region of Interest
(ROI) mapping and centroid-based techniques to determine parking slot occupancy more accurately [9], [10]. These
systems demonstrate high performance in real-time environments and are capable of handling complex scenarios with
multiple vehicles and varying conditions.

2.4 Integrated Smart Parking Systems and Limitations

Despite significant progress, existing smart parking systems still face several limitations. Many approaches focus only
on vehicle detection without integrating real-time visualization, data management, and user accessibility into a unified
system [11]. Additionally, some systems require high computational resources or fail to perform consistently under
challenging environmental conditions such as low lighting or weather variations [12]. While web-based dashboards and
cloud integration have been introduced in some studies, a complete end-to-end solution that combines detection,
processing, and real-time user interaction remains limited [18]. Therefore, there is a growing need for efficient, scalable,
and cost-effective systems that integrate deep learning with real-time monitoring and user-friendly interfaces.

Summary Synthesis

The literature indicates a clear transition from traditional sensor-based parking systems to vision-based approaches for
efficient and real-time parking management. Sensor-based methods, although useful, are expensive and difficult to
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maintain, while image processing techniques often struggle under dynamic conditions such as lighting variations and
occlusions [1]-[4]. Machine learning approaches improve detection accuracy but require manual feature extraction and
are not well-suited for large-scale real-time applications [5], [6]. Recent advancements in deep learning, particularly
YOLO-based object detection, have significantly enhanced real-time vehicle detection and parking occupancy analysis
[71-[10]. Additionally, integration with web-based dashboards improves accessibility and usability [11]. However, most
existing systems still lack a complete end-to-end solution that combines detection, processing, and real-time visualization
efficiently, highlighting the need for a unified, scalable, and cost-effective smart parking system [12]-[15].

III. REVIEW-BASED METHODOLOGY

This section presents a vision-based methodology for designing an intelligent parking space detection system using deep
learning and computer vision techniques [19], [20]. Unlike traditional sensor-based systems, the proposed approach relies
on real-time video input and automated image analysis to determine parking occupancy. Building upon advancements in
object detection and image processing, this methodology integrates vehicle detection, spatial analysis, and real-time
visualization into a unified framework. The approach focuses on achieving accurate, scalable, and cost-effective parking
monitoring suitable for real-world environments.

3.1 System Approach and Comparative Selection
The methodology is based on a combination of deep learning models, image processing techniques, and web-based
visualization tools. The selection of components prioritizes systems that:

* Detect vehicles in real time using object detection models.
* Operate efficiently on standard hardware without requiring specialized sensors.
* Provide scalable solutions adaptable to different parking environments.

Deep learning models such as YOLO are selected due to their ability to perform fast and accurate object detection in real-
time scenarios [7], [8]. OpenCV is used for image preprocessing, frame extraction, and spatial analysis of detected objects
[3], [4]. Additionally, Flask is incorporated as a backend framework to enable real-time data communication and
visualization through a web dashboard [11]. This combination forms a robust foundation for building an end-to-end
parking detection system.

Such categorization lays the methodological groundwork for execution-focused orchestration, emphasizing the necessity
of coordinated direction over agent self-selection.

3.2 Parking Occupancy Detection Workflow

The system follows a structured workflow for detecting and monitoring parking spaces. Initially, video input is captured
from a fixed camera installed in the parking area. The video stream is divided into individual frames, which are then pre-
processed using OpenCV techniques such as resizing and noise reduction. The processed frames are passed to the YOLO
model, which detects vehicles and generates bounding boxes around them [7].

Following detection, the centroid of each vehicle is calculated and mapped to predefined Regions of Interest (ROI)
representing parking slots. If the centroid of a detected vehicle lies within a specific ROI, the corresponding parking slot
is marked as occupied; otherwise, it is considered vacant [9], [10]. This geometric approach ensures accurate occupancy
detection without the need for physical sensors. The workflow operates continuously, enabling real-time updates as
vehicles enter or leave parking spaces.
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Evaluation of Smart Parking
Detection Workflow
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Fig. 3.1 presents the workflow of the smart parking detection system, highlighting how video input is processed
through multiple stages including frame extraction, vehicle detection, parking slot mapping, and occupancy
classification, enabling real-time monitoring and visualization of parking availability.

3.3 Real-Time Visualization and System Integration

To enhance usability, the system integrates a web-based dashboard that displays parking availability in real time. The
processed data, including total slots, occupied slots, and available slots, is transmitted to a Flask backend server. The
server provides RESTful APIs that allow the frontend interface to retrieve and display updated parking information
dynamically [11]. This integration ensures that users can access parking status through standard web browsers without
requiring additional software or hardware. The system is designed to operate efficiently on standard computing devices,
making it suitable for deployment in campuses, commercial complexes, and urban parking environments. By combining
detection, processing, and visualization, the methodology delivers a complete end-to-end solution.

Review Approach and Comparative Selection
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Fig. 3.2 presents the approach adopted for reviewing smart parking detection systems, highlighting how the process
progresses through key stages including defining the research focus, analysing existing methodologies, establishing
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selection criteria, and finalizing relevant studies for evaluation. It emphasizes how systematic selection and comparison
of different approaches contribute to identifying efficient and scalable vision-based parking solutions.

3.4 Summary of Methodological Insights

The proposed methodology highlights the transition from traditional hardware-based systems to vision-driven intelligent
solutions. Deep learning models such as YOLO enable accurate and real-time vehicle detection, while OpenCV facilitates
efficient image processing and spatial analysis [7]-[10]. The integration of web-based dashboards further improves
accessibility and user interaction [11]. Unlike existing approaches that focus on isolated components, this methodology
provides a unified framework that combines detection, analysis, and real-time visualization.

Overall, the approach demonstrates that an integrated, vision-based system can achieve efficient parking management
while maintaining scalability and cost-effectiveness [16]-[18]. This methodology forms the foundation for developing
smart parking solutions aligned with modern smart city requirements.

IV. CONCLUSION

Recent advancements in parking management systems indicate that vision-based approaches have significantly improved
the efficiency of parking space detection and monitoring. Techniques based on image processing and machine learning
have contributed to automating parking occupancy detection; however, their performance is often limited under dynamic
environmental conditions such as lighting variations and occlusions [3], [4], [5]. The introduction of deep learning
models, particularly YOLO, has enhanced real-time vehicle detection by providing higher accuracy and faster processing
capabilities [7], [8]. Additionally, the integration of Region of Interest (ROI) mapping and centroid-based analysis has
enabled more precise identification of parking slot occupancy in complex environments [9], [10].

Despite these advancements, several limitations remain across existing systems. Many approaches focus primarily on
detection without offering a complete end-to-end solution that integrates real-time processing, visualization, and user
interaction [11]. Furthermore, some systems require high computational resources or fail to maintain consistent
performance under real-world conditions, limiting their scalability and practical deployment [12]. These challenges
highlight the need for a unified system that combines efficient detection, robust processing, and real-time accessibility
within a single framework.

The proposed smart parking system based on YOLO and OpenCV provides an effective solution by integrating real-time
vehicle detection, spatial analysis, and web-based visualization. By utilizing existing camera infrastructure and
eliminating the need for additional hardware sensors, the system ensures cost-effectiveness and scalability. The inclusion
of a Flask-based dashboard further enhances usability by enabling continuous monitoring of parking availability. Overall,
this approach demonstrates the potential of vision-based systems in addressing modern parking challenges and
contributes toward the development of intelligent, scalable solutions suitable for smart city environments.
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