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Abstract: 

In recent years, the population of the world has increased, the 

complexity of transportation has dramatically increased. 

Consequently, there is mountain traffic increase in vehicle movement, 

the work of mountain movement of various institutions. Vehicle 

parking is an important issue and the need is increasing day by day. In 

India, we are still using a manual vehicle parking system and that is 

why we are struggling with the waste of time and fuel problem, when 

we need to park our car, we need to park our car, which requires a good 

amount of lighting. Another issue is the chaosthat occurs when parking 

because there is no special system. Anyone can park anywhere that 

sometimes causes damage to vehicles while going out or in the parking 

lot. Security is also an issue. To solve these problems we are 

introducing a new car parking system, An approach to help drivers 

under smart parking finding the right parking space efficiently and 

book it. Urban parking management presents significant challenges 

due to increasing vehicle density and inefficient space utilization. This 

project introduces an advanced machine learning-driven system that 

integrates multiple models, including Convolutional Neural Networks 

(CNNs),YOLO, OpenCV, and polygon testing, to optimize urban 

parking efficiency. The proposed system leverages real-time vehicle 

detection, predictive analytics, and adaptive space allocation to 

enhance mobility and reduce congestion. By integrating multiple 

machine learning models, the system achieves accurate vehicle 

identification, streamlined parking allocation, and improved security 

protocols. Additionally, a user-friendly interface facilitates data-driven 

decision-making, ensuring scalability and adaptability to diverse urban 

environments. By leveraging ML algorithms, such as computer vision 

and predictive analytics, urban parking systems can optimize space 

utilization, enhance parking prediction accuracy, and improve the 

overall user experience. 
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(CNNs), YOLO, OpenCV, Polygon testing, Real-time vehicle 
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1.INTRODUCTION 

Urban areas worldwide are grappling with the challenge of parking 

congestion as populations grow and urban spaces become increasingly 

limited. Traditional parking systems, which often rely on static 

allocation and manual monitoring, lead to inefficient space utilization, 

prolonged search times, and added stress for drivers. This not only 

increases traffic congestion but also contributes to air pollution and 

wasted fuel as drivers cricle around looking for parking. This lack of 

modern infrastructure in many cities exacerbates these issues, creating 

a need for smarter, more efficient parking solutions. 

 This research aims to address these challenges by developing an 

intelligent, automated parking system that leverages machine learning 

and computer vision technologies. By utilizing advanced predictive 

analytics and data-driven decision-making, the project seeks to 

enhance space utilization, streamline parking operations, and reduce 

congestion. The goal is to create a scalable, adaptable solution that 

improves user experience, supports sustainable urban mobility, and  

 

 

 

 

 

 

minimizes environmental impact through more efficient and secure 

parking management. 

The proposed Automated Parking System (APS) addresses the 

growing challenge of insufficient parking space by utilizing a vision-

based approach that incorporates Region of Interest, Classification 

algorithms, and Otsu's method to detect available parking spots. By 

minimizing the space required for parking, the APS efficiently uses 

land, offering property developers flexible options to optimize parking 

capacity. This system works by removing drivers and passengers from 

the car before it is automatically moved to its designated parking space, 

maximizing land use and solving the issue of limited parking in urban 

areas. 

  2. LITERATURE SURVEY 

Urban parking efficiency has become a critical issue in smart city 

development, with machine learning (ML) playing a pivotal role in 

optimizing parking space utilization and reducing congestion. Several 

research studies have explored various ML techniques to enhance 

urban parking management, and this literature survey provides a 

comprehensive review of key contributions in the field.  

Lee and Johnson (2024) introduced a personalized parking 

recommendation system that utilizes machine learning to tailor 

suggestions based on user preferences. Their study highlights the 

potential of user-specific parking recommendations to improve 

convenience and reduce parking search time. By analyzing user 

behavior and historical data, the system refines its suggestions over 

time, ensuring an enhanced parking experience.  

Nguyen and Walker (2024) explored a sustainable approach to urban 

parking by integrating machine learning into resource allocation 

strategies. Their research demonstrates how predictive algorithms can 

optimize the distribution of parking spaces, reducing congestion and 

promoting sustainable urban mobility. The findings suggest that 

machine learning can significantly contribute to environmental 

benefits by decreasing vehicle idling and emissions.  

A comprehensive review by Roberts and Patel (2023) examines 

various machine learning techniques applied to smart parking systems. 

Their survey categorizes current methodologies, including supervised 

learning, unsupervised learning, and reinforcement learning, providing 

insights into the strengths and weaknesses of each approach. The paper 

serves as a foundational reference for researchers seeking to 

understand the state-of-the-art advancements in smart parking 

solutions.  

Singh and Garcia (2022) presented a data-driven approach to 

enhancing parking space utilization in urban areas. Their study 

emphasizes the importance of integrating multiple data sources, such 

as traffic flow, weather conditions, and real-time occupancy, to 

improve the accuracy of parking availability predictions. The findings 

indicate that hybrid machine learning models, which combine 

traditional statistical methods with deep learning, offer promising 

results in optimizing urban parking.  

Wang and Huang (2021) proposed a novel integration of machine 

learning and geospatial analysis to optimize urban parking. By 

leveraging geographic information systems (GIS) alongside ML 
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models, the study identifies optimal locations for new parking facilities 

based on usage trends and demand forecasting. The research highlights 

the significance of spatial data in enhancing urban planning and 

decision-making processes related to parking infrastructure.  

Liu and Zhang (2021) focused on predicting urban parking demand 

using machine learning algorithms. Their study explores how factors 

such as population density, traffic patterns, and time of day influence 

parking demand. By applying predictive analytics, city planners can 

allocate parking resources more efficiently, reducing parking shortages 

and improving overall accessibility.  

Smith and Lee (2020) developed predictive models using historical 

data to forecast urban parking demand. Their research employs 

regression and time-series analysis to estimate future parking needs, 

aiding policymakers in designing adaptive parking strategies. The 

study underscores the importance of historical data in refining 

predictive accuracy and supporting urban infrastructure development.  

Anderson and Wright (2019) proposed a dynamic urban parking 

framework that leverages real-time data for intelligent parking 

allocation. Their model dynamically adjusts parking availability based 

on current traffic conditions and demand fluctuations, reducing the 

time drivers spend searching for available spaces. The study 

demonstrates how integrating real-time machine learning algorithms 

into parking systems can enhance efficiency and mitigate urban 

congestion.  

Overall, these research studies highlight the growing role of machine 

learning in addressing urban parking challenges. From personalized 

recommendations and predictive modeling to dynamic space 

allocation and geospatial analysis, ML techniques have demonstrated 

significant potential in optimizing urban parking efficiency. Future 

research directions could explore the integration of IoT sensors, deep 

reinforcement learning, and blockchain technology to further enhance 

the scalability and security of smart parking systems. By leveraging 

advanced machine learning models, urban planners and policymakers 

can develop more effective strategies to manage parking resources, 

reduce congestion, and promote sustainable urban development. 

3. PROPOSED METHODOLOGY 

In today’s rapidly growing urban environments, parking space scarcity 

has become a significant challenge. Traditional parking methods often 

require vast areas, leading to inefficient land utilization and increased 

congestion. Automated Parking Systems (APS) offer a modern 

solution by optimizing available space and improving parking 

efficiency. APS minimizes the area needed for parking while 

maximizing the number of parking spots available, making it an ideal 

solution for urban landscapes.  

The primary goal of an APS is to manage parking spaces efficiently by 

eliminating the need for human intervention in parking operations. 

This paper explores a vision-based automated parking system that 

integrates Region of Interest (ROI), Classification algorithms, and 

Otsu’s method to detect vacant parking spaces. With the increasing 

number of vehicles, ensuring smooth traffic flow and minimizing 

congestion in parking lots has become essential. Unlike traditional 

systems that rely on human personnel or basic sensor-based 

monitoring, our proposed system aims to provide real-time 

information on available parking spaces along with their exact 

locations.  

The APS concept is driven by two primary factors:  

Increasing Demand for Parking Spaces – The continuous rise in 

vehicle numbers has led to a shortage of parking spots, creating a need 

for innovative solutions.  

Scarcity of Land – Urbanization has significantly reduced available 

land, making it crucial to develop systems that optimize space usage 

effectively.  

By implementing APS, we can enhance car park management, reduce 

traffic congestion, and provide a more convenient and efficient parking 

experience. 

Process of the Proposed System  

The proposed Automated Parking System follows a structured process 

that ensures the efficient management of parking spaces:  

1. Detection of Parking Spaces -  

• The system uses computer vision techniques, including the 

Region of Interest (ROI), Classification algorithms, and 

Otsu’s method, to identify vacant parking spots within a 

parking lot.  

• A camera-based system continuously scans the parking area 

to detect available spaces in real time.  

2. Data Processing and Classification - 

• The captured images are processed using machine learning 

algorithms to classify parking spots as occupied or vacant.  

• Otsu’s method is applied to enhance image segmentation, 

making it easier to differentiate between cars and empty 

parking slots  

3. Real-Time Parking Updates -   

• The system transmits real-time data to a central management 

platform, which then updates an interactive parking map.  

• Users can access this data via a mobile application or digital 

display boards at parking entrances, guiding them to 

available parking spots.  

4. Automated Car Parking -  

• Once a vacant spot is identified, drivers are directed to the 

location.  

• In multi-floor APS systems, an automated mechanism lifts 

and parks vehicles in designated spots, further optimizing 

space utilization.  

5. Retrieval Process -   

• When retrieving their car, users can request their vehicle via 

the system interface.  

• The APS automatically retrieves and delivers the car to the 

exit point, reducing search time and enhancing user 

convenience.  

Advantages:  

The implementation of an Automated Parking System offers numerous 

advantages, including:  

Space Optimization  

• APS minimizes the space required for parking, making it 

possible to accommodate more vehicles in a given area.  

• Ideal for high-density urban environments where land 

availability is limited. Reduced Traffic Congestion  

• By efficiently directing drivers to available spots, APS 

reduces the time spent searching for parking.  

• Helps in minimizing vehicle emissions and fuel 

consumption.  

Enhanced User Experience  

• Users receive real-time updates on available parking spaces, 

ensuring a hassle-free parking process.  

• Automated retrieval systems allow quick access to vehicles, 

reducing wait times. Improved Security  

• APS reduces the risk of theft and vandalism by restricting 

unauthorized access to parked vehicles.  
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• Parking areas are monitored continuously, enhancing overall 

security. Cost-Effective for Property Developers  

• APS enables developers to use available land efficiently, 

maximizing commercial space utilization.  

• Reduces the need for extensive underground parking 

structures, lowering construction costs.  

Smart City Integration  

• The system can be integrated with existing smart city 

infrastructure, including traffic management and urban 

planning initiatives.  

• Helps city planners optimize land usage and improve overall 

urban mobility. Environmentally Friendly  

• By reducing idle time in parking lots, APS contributes to 

lower fuel consumption and CO2 emissions.  

• Encourages sustainable urban development by optimizing 

land resources.  

4. EXPERIMENTAL ANALYSIS 

The dataset for this project consists of real-time and historical urban 

parking data collected from various sources, including IoT sensors, 

surveillance cameras, GPS data, and parking management systems. It 

is structured to train machine learning models for parking space 

detection, demand forecasting, and dynamic pricing optimization.  

1. Data Sources :  

• Camera Feeds: Images and video streams from CCTV and 

smart cameras for detecting vacant and occupied parking 

spots.  

• Sensor Data: Ultrasonic, infrared, or pressure sensors 

installed in parking spaces to indicate availability.  

• GPS and Mobile App Data: User location and parking 

history from navigation apps.  

• Historical Parking Records: Entry and exit timestamps, 

occupancy rates, and duration of stay.  

• Traffic and Weather Data: External factors affecting parking 

demand, including road congestion and weather conditions.  

 

Figure 1: Sample Example 

 

 

Figure 2: Data Source 

The detection system in the image is likely built using deep learning 

models such as YOLO (You Only Look Once), Faster R-CNN, or 

SSD(Single Shot Multibox Detector). These models are trained on 

large datasets containing images of parking slots from various angles 

and lighting conditions. The neural network learns to classify and 

localized vehicles in an image, drawing bounding boxes around 

detected cars and empty spaces. The presence of pink rectangles 

around each parkingspot in the image suggests  that the model has 

segmented the parkingslot into individual slots, categorizing them  as 

either occupied or vacant. This classification is essential for 

developing real-time parking guidance systems, where users can be 

directed to the nearest available spot through a mobile application or 

digital display boards. 

The primary goal of such a system is to identify vacant and occupied 

parking spots in real time, optimizing urban parking efficiency and 

reducing traffic congestion caused by drivers searching for available 

spaces. The implementation of this technology is crucial in modern 

smart city initiatives, integrating artificial intelligence (AI), Internet of 

Things (IoT), and cloud-based solutions for intelligent parking 

management. 

 

Figure 2: Analysed Data 
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The image provided is an aerial view of a parking lot with parking 

spaces highlighted in red and green bounding boxes. This visualization 

appears to be the result of an AI- driven parking detection system, 

which classifies each parking spot as either occupied (red boxes) or 

vacant (green boxes). The image also contains numerical values, likely 

representing confidence scores or identifiers assigned by the detection 

model. Such an intelligent parking management system plays a crucial 

role in optimizing urban parking, reducing congestion, and enhancing 

the overall efficiency of vehicle movement in crowded areas.  

 

Figure 3: Detected Parking Slots 

This system utilizes computer vision and deep learning to analyze 

images and classify parking spaces based on occupancy. The model is 

likely trained using Convolutional Neural Networks (CNNs) or object 

detection algorithms like YOLO (You Only Look Once), Faster R-

CNN, or SSD (Single Shot Multibox Detector). These models can 

process real-time image feeds from CCTV cameras, drones, or satellite 

imagery, detecting vehicles and distinguishing between occupied and 

available parking spots. The green bounding boxes indicate available 

spaces, whereas the red boxes mark occupied ones. This classification 

is crucial for developing an automated system that helps drivers find 

parking spaces efficiently, minimizing time spent searching for a spot 

and reducing fuel consumption. 

5. CONCLUSION 

With the rapid increase in population and vehicle density, urban 

parking has become a significant challenge, leading to congestion, fuel 

wastage, and security issues. Traditional manual parking systems are 

inefficient, contributing to time-consuming parking searches and 

chaotic vehicle arrangements. To address these problems, this project 

introduces a smart, AI-driven parking system that leverages machine 

learning techniques such as Convolutional Neural Networks (CNNs), 

YOLO, OpenCV, and polygon testing to enhance parking space 

detection and allocation.  

By implementing real-time vehicle detection, predictive analytics, and 

adaptive space allocation, the proposed system provides an intelligent 

solution that streamlines parking management, reduces congestion, 

and improves user convenience. The integration of advanced machine 

learning models enables efficient space utilization, enhances security, 

and offers data-driven decision-making for urban planners. 

Additionally, a user-friendly interface ensures ease of accessibility and 

adaptability to various parking environments. 

This system not only optimizes the existing infrastructure but also lays 

the foundation for automated, scalable, and smart parking solutions in 

metropolitan areas. Through accurate vehicle identification and real-

time forecasting of occupancy levels, the system minimizes waiting 

times, enhances mobility, and supports sustainable urban planning. 
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