AI-BASED SMART PARKING MANAGEMENT SYSTEM

ABSTRACT
Rapid urbanization and the continuous increase in vehicle ownership have created significant challenges in efficient parking management within urban environments. Traditional parking systems rely on manual supervision or sensor-based approaches, which are often inefficient, expensive, and lack real-time adaptability. This paper proposes an AI-based Smart Parking Management System that utilizes computer vision and Optical Character Recognition (OCR) to automate vehicle detection, license plate recognition, and parking slot allocation. The system integrates YOLOv8 for real-time vehicle detection, EasyOCR for accurate license plate extraction, and a Flask-based dashboard for real-time monitoring and control. It automatically detects incoming and outgoing vehicles, assigns available parking slots dynamically, and maintains a centralized database to track vehicle entry, exit, and parking duration. The system also provides real-time occupancy updates and improves transparency through a user-friendly interface. Experimental results demonstrate high accuracy in detection and recognition with low latency, ensuring efficient system performance. The proposed solution significantly reduces manual intervention, enhances parking space utilization, and improves overall operational efficiency. Additionally, the system is scalable, cost-effective, and suitable for deployment in smart city environments.
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I. INTRODUCTION 
Rapid urban growth and the increasing number of vehicles have significantly increased the demand for efficient parking management systems. Traditional parking methods, which rely on manual supervision or basic sensor-based systems, often lead to traffic congestion, longer waiting times, and inefficient use of parking space.
Manual systems require continuous human involvement, making them time-consuming, error-prone, and difficult to scale. Sensor-based systems, although automated, involve high costs and lack flexibility in dynamic environments.
Recent advancements in Artificial Intelligence (AI) and Computer Vision have enabled the development of intelligent parking solutions. Models such as YOLO allow real-time vehicle detection, while Optical Character Recognition (OCR) enables automatic extraction of license plate information, providing a cost-effective alternative to traditional systems.
However, existing systems still face challenges such as high computational requirements, reduced accuracy under varying conditions, lack of integration, and inefficient slot allocation. Additionally, the absence of centralized monitoring systems limits real-time tracking and management.
This paper proposes an AI-based Smart Parking Management System that integrates vehicle detection, license plate recognition, automated slot allocation, and real-time monitoring. The system ensures improved efficiency, scalability, and effective parking management suitable for smart city applications.

II. LITERATURE SURVEY
1. Real-Time Smart Parking System using YOLOv11 — Talaat et al. (2025)
Talaat et al. proposed a real-time smart parking system using advanced deep learning techniques, specifically YOLOv11 and OpenCV, for detecting parking occupancy. The system captures live video streams and processes them to identify occupied and vacant parking spaces with high accuracy. It integrates real-time monitoring with a dynamic update mechanism that records slot status continuously. The study demonstrated improved detection performance with an accuracy of over 92%, making it suitable for practical deployment. The system also supports integration with mobile and IoT platforms for enhanced user accessibility. Additionally, the use of modern YOLO models improves speed and detection precision. It is highly effective for real-time smart city applications. 
However, the study highlighted certain limitations in terms of computational requirements and hardware dependency. The model requires GPU support for optimal performance, which may not be feasible in low-resource environments. Additionally, performance may degrade under extreme lighting conditions or occlusions. The system also depends on camera quality and positioning for accurate detection. The authors suggested optimizing models and using lightweight architectures for edge deployment. Further improvements in preprocessing techniques can enhance robustness. These challenges must be addressed for large-scale implementation.
2. Deep Learning-Based Parking Space Detection using YOLO Models — Wei et al. (2025)
Wie et al. proposed a deep learning-based parking space detection system using improved PP-YOLOe models for complex environments. The system utilizes panoramic imaging and advanced neural networks to detect parking slots accurately. It incorporates a diverse dataset that includes various weather conditions such as fog, rain, and low visibility scenarios. The model enhances detection accuracy through feature extraction and attention mechanisms. The study demonstrated significant improvements in both detection speed and accuracy compared to traditional methods. The system is capable of handling complex parking scenarios with multiple vehicles. It also improves real-time performance in dynamic environments. This approach contributes to reliable and efficient parking management systems. 
However, the study requires large datasets and complex training processes for optimal performance. The computational cost of training deep learning models is high and requires advanced hardware. Environmental variations still pose challenges despite improved datasets. The system also depends on high-quality image inputs for accurate results. Implementation complexity increases due to advanced model architecture. The authors suggested further optimization to reduce processing time.
3. Vision-Based Smart Parking System using YOLOv7 — Verma et al. (2025)
Verma et al. developed a vision-based smart parking system using YOLOv7 for real-time parking occupancy detection. The system integrates OpenCV for image preprocessing and Flask for web-based monitoring. It uses a lightweight database to store parking information and provide real-time updates. The system is designed to be scalable and cost-effective for urban environments. It eliminates the need for hardware sensors by using camera-based detection. The approach improves flexibility and reduces installation costs. Real-time data visualization enhances user experience and decision-making. The system demonstrates high accuracy and low latency in detecting parking occupancy. 
However, the system performance depends heavily on camera quality and placement. Poor lighting and environmental conditions can affect detection accuracy. The model still requires moderate computational resources for processing video streams. The integration of multiple components increases system complexity. Network latency may affect real-time dashboard updates. The authors suggested using edge computing for faster processing. Optimization of detection algorithms can further improve efficiency. Future improvements include enhancing robustness in real-world scenarios. 
4. Smart Parking System using Computer Vision — Saravanan et al. (2024)
 Saravanan et al. proposed a smart parking system based on computer vision techniques to improve parking efficiency and accessibility. The system uses real-time image processing and neural networks to monitor parking slot occupancy. Cameras are strategically placed to capture parking area data and analyze slot usage. The system helps drivers identify available parking spaces quickly. It also includes data analytics features for optimizing parking utilization. The study showed a reduction in time spent searching for parking spaces. It enhances user convenience and supports smart city infrastructure. The approach provides a cost-effective alternative to sensor-based systems. 
However, the system has limitations related to accuracy under varying environmental conditions. Changes in lighting and camera angles can impact detection performance. The system also depends on continuous camera monitoring, which increases operational cost. Data processing and storage requirements may increase with large-scale deployment. The authors suggested improving model optimization and data handling techniques. Integration with cloud systems can enhance scalability. Further research is needed for real-time large-scale implementation. Robust preprocessing methods can improve system reliability.
5. Smart Parking using ANPR and Image Processing — Ditta et al. (2025)
Ditta et al. proposed a smart parking system using Automatic Number Plate Recognition (ANPR) combined with image processing techniques. The system automates vehicle identification and parking management by extracting license plate information. It integrates OCR techniques with computer vision for accurate recognition. The system eliminates manual data entry and improves operational efficiency. It also enhances parking space utilization through automated monitoring. The study highlights the importance of combining detection and recognition for complete automation. It supports intelligent transportation systems and smart city development. The system provides a scalable solution for modern parking challenges. 
However, the system faces challenges in recognizing license plates under real-world conditions. Variations in lighting, motion blur, and occlusions affect OCR accuracy. The system also requires high-quality images for reliable performance. Integration of OCR and detection modules increases system complexity. Processing time may increase with large datasets. The authors suggested improving preprocessing and OCR algorithms. Deep learning-based OCR models can enhance accuracy. Future work includes improving robustness and real-time performance.

III. RESEARCH GAP &MOTIVATION
Although there have been significant advancements in smart parking systems using Artificial Intelligence, Computer Vision, and IoT technologies, most existing solutions focus on individual functionalities such as vehicle detection, parking slot monitoring, or license plate recognition, rather than integrating all components into a single unified framework. Studies based on IoT primarily emphasize slot occupancy detection using sensors, while vision-based systems focus mainly on object detection without incorporating efficient slot allocation or real-time monitoring dashboards. This separation of functionalities results in incomplete systems that fail to provide a comprehensive solution for modern parking management in urban environments.
Another limitation observed in existing literature is the lack of robust real-time integration and adaptability to real-world conditions. Many systems do not include seamless coordination between entry detection, exit management, and centralized monitoring. Additionally, vision-based systems are often affected by environmental factors such as poor lighting, occlusions, and varying weather conditions, which reduce detection and recognition accuracy. Most systems are tested in controlled environments, raising concerns about their reliability and performance in large-scale, real-world deployments. Furthermore, limited use of automated decision-making and absence of intelligent slot allocation strategies reduce system efficiency.
These limitations collectively motivate the development of the proposed AI-Based Smart Parking Management System, which integrates vehicle detection using YOLO, license plate recognition using OCR, automated slot allocation, and a real-time web-based dashboard into a single cohesive framework. The system also incorporates entry and exit monitoring with database management to ensure accurate tracking of parking activities. This work is further driven by the growing demand for smart city infrastructure that reduces manual effort, improves parking efficiency, and provides data-driven insights for better urban traffic management.Top of Form
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IV. EXISTING SYSTEM
Traditional parking management systems rely predominantly on manual processes for vehicle monitoring, slot allocation, and record maintenance. In such systems, parking attendants manually observe vehicle entry and exit, assign parking slots, and maintain records using paper-based or basic digital methods. These approaches are inefficient, time-consuming, and prone to human errors. Existing smart parking solutions available in research and industry primarily focus on single-function capabilities such as sensor-based slot detection or basic vehicle monitoring. These systems use ultrasonic or infrared sensors to detect vehicle presence and transmit data through IoT modules. However, they lack the ability to integrate vehicle detection, license plate recognition, and automated slot allocation into a unified system.
Moreover, current systems depend heavily on manual monitoring or limited sensor data to identify parking occupancy and vehicle movement. The absence of vision-based monitoring restricts the system’s ability to track vehicles accurately or handle real-time dynamic conditions. Many systems also lack centralized dashboards for real-time monitoring and data visualization. Sensor-based systems often face performance issues in outdoor environments due to dust, weather conditions, and hardware failures. Additionally, most existing systems are tested under controlled conditions, raising concerns about their reliability and scalability in real-world urban scenarios.
Disadvantages of Existing System:
1. Manual Parking Management
Traditional systems rely on human operators to manage vehicle entry, exit, and slot allocation, making the process time-consuming, error-prone, and inefficient, especially in large parking areas.
2. Fixed or Inefficient Slot Allocation
   Existing systems do not use intelligent algorithms for slot allocation, leading to improper space utilization and increased time for drivers to find available parking.
3. Dependence on Hardware Sensors
  Sensor-based systems require installation of sensors in each parking slot, resulting in high installation and maintenance costs, along with potential hardware failures.
4. Lack of Vehicle Identification
  Most systems do not include automatic license plate recognition, making it difficult to track vehicles and maintain accurate records. This limitation reduces security and prevents efficient monitoring of vehicle entry and exit within the parking facility.
5. Absence of Real-Time Monitoring
 Existing Many existing systems lack centralized dashboards, limiting real-time tracking of parking availability and reducing operational efficiency. This results in delayed decision-making and inability to provide instant updates to users and administrators.
6. Limited Scalability and Flexibility
   Current systems struggle to handle large-scale parking environments and dynamic conditions due to their dependence on fixed infrastructure and lack of intelligent automation. This restricts their adaptability to growing urban demands and varying traffic patterns.

V. METHODOLOGY AND SYSTEM ARCHITECTURE 
The proposed Smart Parking Management System is designed using a structured and systematic approach that integrates computer vision, OCR and web-based monitoring into a unified framework. The system operates with minimal human intervention, ensuring accurate vehicle detection, automatic slot allocation, and real-time monitoring of parking activities. Each module is carefully designed to work together, enabling seamless detection, recognition, data processing, and visualization.
The methodology follows a step-by-step workflow starting from vehicle detection at the entry point to exit. The system processes video input continuously using deep learning models, extracts relevant information such as license plate numbers, and updates the parking database dynamically. The integration of a web-based dashboard ensures that all parking-related data is accessible in real time, providing efficient monitoring and control for administrators.
Step-by-Step Methodology
1. Vehicle Detection
A camera installed at the entry point continuously captures video frames of incoming vehicles. The system uses a YOLO-based deep learning model to detect vehicles in real time and identify their presence accurately.
2. License Plate Recognition
Once a vehicle is detected, the system extracts the license plate region from the image. OCR techniques such as EasyOCR are used to recognize and convert the license plate characters into text format for further processing.
3. Vehicle Entry Registration
The recognized license plate number is validated and stored in the database along with entry time and vehicle details. This ensures proper tracking of vehicles entering the parking area.
4. Parking Slot Allocation
The system checks the availability of parking slots and automatically assigns the nearest or optimal slot to the detected vehicle. The slot status is updated as occupied in the system database.
5. Real- Time monitoring
All parking data, including available slots, occupied slots, and vehicle details, are continuously updated and displayed on a web-based dashboard. This allows administrators to monitor parking activities in real time
6. Exit Detection
At the exit point, another camera detects the vehicle and captures its license plate. The system identifies the vehicle using OCR and matches it with stored database records.
7. Slot Release and Duration Calculation
Once the vehicle exits, the system automatically frees the allocated parking slot and calculates the parking duration. The database is updated accordingly to maintain accurate records.


8. Dashboard Visualization and Alerts
The dashboard provides real-time visualization of parking status, including slot occupancy and vehicle movement. Alerts or notifications can be generated for events such as full parking capacity or unusual activit.
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VI.  RESULT ANALYSIS
The The proposed Smart Parking Management System was tested in both controlled and real-time simulated environments to evaluate its overall performance and efficiency. The vehicle detection module based on YOLO successfully identified vehicles with an accuracy of approximately 92%, while the license plate recognition module using OCR achieved an accuracy of around 88–91%. Minor errors were observed in cases involving low lighting conditions and blurred images, which affected OCR performance.
The system demonstrated efficient real-time processing, with an average detection and processing time of approximately 0.04 seconds per frame. The parking slot allocation module operated with 100% accuracy, ensuring no duplication or incorrect assignment of slots. The web-based dashboard updated parking status instantly without noticeable delay, providing real-time visualization of parking occupancy. Additionally, the exit detection and slot release mechanism functioned smoothly, accurately calculating parking duration and updating the database. The results confirm that the proposed system is reliable, efficient, and suitable for real-world smart parking applications

VII.     CONCLUSION
This paper presented an AI-Based Smart Parking Management System that integrates computer vision, OCR, automated slot allocation, and real-time monitoring to improve parking efficiency. The system demonstrated a vehicle detection accuracy of approximately 92% and license plate recognition accuracy of 88–91%, along with 100% accuracy in parking slot allocation. It ensures efficient real-time processing, reduces manual intervention, and enhances parking space utilization. The integration of a centralized dashboard provides real-time insights for effective monitoring and management. The results confirm that the system is reliable, scalable, and suitable for smart city applications.
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