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Abstract:  The proliferation of urbanisation has led to an increased demand for efficient 

parking management systems. In response, this project presents a Smart Parking Assistant 

system aimed at providing real-time space availability notifications to users through their 

smartphones. Leveraging computer vision techniques implemented via Open CV and 

machine learning algorithms from the Scikit-learn library, the system captures video feed 

from a webcam to detect and quantify the number of empty parking spaces in a designated 

area. Upon receiving a request from the user, the system processes the video feed to analyse 

the occupancy status of parking slots, utilising advanced image processing techniques to 

accurately identify empty spaces along with mask image of the parking lot. The model built 

using Scikit-learn efficiently categorises the available slots, enabling the system to relay the 

precise number of open spaces to the user's smartphone. Furthermore, the Smart Parking 

Assistant incorporates geo-spatial functionalities to enhance user experience. By integrating 

the Haversine distance formula, the system calculates the distances between the user's 

location and nearby parking areas. This information is then displayed to the user, allowing 

them to conveniently locate and navigate to the nearest available parking facility. The 

proposed system offers a comprehensive solution to address the challenges associated with 

parking management in urban environments. By harnessing the power of computer vision, 

machine learning, and geo-spatial technologies, it provides users with timely and accurate 

information regarding parking space availability, ultimately improving efficiency and 

convenience in urban parking scenarios. 
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1. INTRODUCTION 

 

Urbanization has significantly transformed the landscape of cities worldwide, leading to 

escalating challenges in parking management[4]. The surge in vehicle ownership coupled with 

limited parking infrastructure has necessitated innovative solutions to alleviate the strain on 

parking facilities[9]. In response to this pressing need, we initiated the development of a Robust 

Parking Space Allocation System, leveraging cutting-edge technologies such as computer 

vision, machine learning, and geospatial analysis. The context for this project stems from the 

growing urbanization trends, where cities are grappling with the dual challenge of 

accommodating increasing vehicular traffic and optimizing the utilization of limited parking 

spaces[15]. Traditional parking management systems often suffer from inefficiencies and lack 

real-time updates on space availability, resulting in frustration and congestion for motorists. 

Recognizing this gap, we embarked on this project to devise a smarter, more responsive parking 

solution that harnesses the power of modern technologies. The significance of this project in 

the field of parking management cannot be overstated. By integrating computer vision 

algorithms with machine learning techniques, we aim to revolutionize the way parking spaces 

are monitored and managed. Real-time space availability notifications provided directly to 

users' smartphones offer unparalleled convenience and efficiency, optimising the utilisation of 

parking resources and reducing traffic congestion[10]. Moreover, by incorporating geospatial 

analysis, the system enhances user experience by guiding them to the nearest available parking 

facility, thereby minimizing arch time and fuel consumption[2]. The objectives of the project 

include developing a robust computer vision model for detecting and quantifying empty 

parking spaces from video feed, implementing machine learning algorithms to accurately 

classify parking slots based on mask image of the respective parking area, integrating 

geospatial analysis to calculate distances between user locations and nearby parking areas, and 

designing a user-friendly web application for notifying the user regarding parking area slots 

availability[7]. Challenges encountered during the research phase included ensuring accurate 

detection and classification of parking spaces under varying lighting and environmental 

conditions, optimizing the performance of machine learning algorithms to handle large-scale 

video data efficiently, and incorporating real-time updates and seamless integration with 

smartphone applications for user convenience[11]. The scope of the project encompasses the 

development of a prototype Smart Parking Assistant system capable of providing space 

availability notifications[12] . However, it is important to acknowledge certain limitations and 

constraints, including the system's effectiveness may be influenced by factors such as camera 

placement and occlusions within the parking area, integration with existing parking 

infrastructure and regulatory frameworks may pose logistical challenges, and the accuracy of 

geospatial calculations[3]. As cities evolve, this innovative system stands robust to 

revolutionise parking management and improve urban mobility for all. 

 

2. RELATED WORKS 

 

Smart Parking Systems: A Review of Existing Solutions and Future Directions. This paper 

provides an overview of existing smart parking systems, including those utilising computer 

vision and machine learning techniques. It discusses various approaches to parking space 
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detection, occupancy monitoring, and user notification systems. Additionally, it explores 

challenges and opportunities for future developments in this field. 

Real-time Parking Space Detection Using Computer Vision and Deep Learning. This research 

presents a real-time parking space detection system based on deep learning algorithms and 

computer vision techniques. It discusses the architecture of the system, its performance 

evaluation, and compares it with traditional methods. The paper also explores the feasibility of 

deploying such systems in urban environments. 

Machine Learning Methods for Parking Space Classification in Urban Environments. This 

study investigates different machine learning algorithms for classifying parking spaces based 

on image data. It compares the performance of algorithms such as Support Vector Machines 

(SVM), Random Forests, and Convolutional Neural Networks (CNNs) in accurately 

identifying vacant parking spots. The research evaluates the robustness of these algorithms 

under various conditions. 

Geospatial Analysis for Parking Navigation: Techniques and Applications. This paper explores 

the use of geospatial analysis in parking navigation systems. It discusses methods for 

calculating distances between user locations and parking facilities, optimising route planning, 

and providing real-time navigation assistance. The study highlights the importance of accurate 

geospatial data for enhancing the user experience in urban parking scenarios. 

Integration of Computer Vision and Geospatial Technologies for Smart Parking Management." 

This research focuses on the integration of computer vision and geospatial technologies in 

smart parking management systems. It presents a comprehensive framework for real-time 

parking space detection, classification, and navigation. The paper discusses practical 

implementation challenges and proposes solutions for the seamless integration of these 

technologies. 

 

Literature Review 

Parking management systems have been extensively studied in recent years, with researchers 

focusing on various aspects such as parking availability, optimization strategies, and user 

experience. The following literature review summarizes key findings and arguments related to 

these topics and analyzes the strengths and weaknesses of existing literature while highlighting 

any gaps, contradictions, or limitations. Analyzing the literature reveals several patterns and 

trends. Firstly, pricing mechanisms and dynamic pricing models based on real-time data are 

effective in influencing parking behavior and optimizing space utilization. Secondly, 

Geographic Information Systems (GIS) play a crucial role in mapping parking facilities and 

analyzing parking. demand patterns, although limitations in data availability may impact real-

time analysis. Additionally, image processing techniques, particularly deep learning 

algorithms, show promise in real-time parking slot detection. Lastly, integration of messaging 

services in mobile applications enhances user experience by providing timely updates on 

parking availability. 

 

This structured approach allows for a comprehensive review of the literature  while adhering 

to the specified rules and guideline Adjustments can be made based on the specific focus of 

your research project and the available literature. 
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3. METHODOLOGY 

 

The methodology section describes the step-by-step process followed in the development and 

implementation of the Robust Parking Space Allocation System using the scikit-learn library 

for machine learning algorithm implementation. 

 Data Collection   

 Data Pre-Processing 

 Feature Extraction   

Author Year Methodology Limitations 
Significant 

Observations 

Shoup 2006 
Survey, Case 

Study 

Limited 

generalizability due 

to case study focus 

Pricing mechanisms 

influence parking 

behavior and reduce 

congestion. 

Gupta 

et al. 
2015 

Mathematical 

Modeling, 

Data Analysis 

Lack of real-world 

validation of 

dynamic pricing 

model 

Dynamic pricing based 

on real-time data 

optimizes parking 

space utilization. 

Sheller 

and 

Urry 

2000 

Geographic 

Information 

Systems (GIS) 

Analysis 

Reliance on static 

data sources, may 

not capture real-time 

parking availability 

GIS facilitates 

mapping of parking 

facilities and analysis 

of demand patterns. 

Liu et 

al. 
2017 

GIS Analysis, 

Statistical 

Modeling 

 

Limited data 

availability for 

comprehensive 

analysis 

GIS enables 

optimization of 

parking allocation 

strategies based on 

spatial data. 

Radke 

et al. 
2005 

Image 

Processing 

(Segmentation, 

Feature 

Extraction) 

Challenges in real-

time implementation 

due to computational 

complexity 

Robust algorithm for 

parking space 

detection using image 

processing techniques. 

Li et al. 2018 

Deep Learning 

(Convolutional 

Neural 

Networks) 

Reliance on high-

quality training data, 

potential biases in 

model predictions 

Deep learning 

approach achieves 

real-time parking slot 

detection accuracy. 

Kothari 

et al. 
2014 

Mobile 

Application 

Development, 

User Surveys 

Limited user 

participation in 

survey, potential 

response bias 

Integration of 

messaging services 

enhances user 

experience with real-

time parking 

notifications. 
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 Model development using scikit-learn 

 Integration with Twilio for Notification 

 Evaluation and Testing 

 Deployment 

 Maintenance and updates 

 

 
Fig: 1 Architecture 

 

 
Fig: 2 Mask image 
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3.1 Data Collection: Data collection involves gathering the necessary information and 

resources to build and train the system. This includes:  

 Obtaining webcam video feeds from parking areas. 

 Collecting mask images uploaded by parking area owners during registration.  

 Acquiring ground truth data for model training, including images labeled with parking slot 

occupancy status. 

 

3.2 Data Preprocessing: Data preprocessing prepares the collected data for further analysis 

and model training. This includes: 

 Extracting frames from webcam video feeds. 

 Resizing and normalizing images to a standard format. 

 Applying edge detection and segmentation techniques to isolate parking slots from 

background noise. 

 Preprocessing mask images to define the boundaries of parking areas. 

 

3.3 Feature Extraction: Feature extraction involves identifying relevant features from the 

preprocessed data that can be used to train the classification model. This includes: 

 Extracting features such as color, texture, and shape from the segmented parking slot 

images. 

 Generating feature vectors representing the characteristics of each parking slot. 

 

3.4 Model Development using Scikit-learn: Model development focuses on building a 

classification model using machine learning techniques from the scikit-learn library. This 

includes: 

 Selecting an appropriate machine learning algorithm from scikit-learn, such as Support 

Vector Machines (SVM), Random Forests, or Logistic Regression, for binary 

classification. 

 Splitting the dataset into training and testing sets. 

 Training the model on the training dataset using the selected algorithm from scikit-learn. 

 Evaluating the model's performance on the testing dataset using metrics such as accuracy, 

precision, recall, and F1-score. 

 

3.5 Integration with Twilio for Notification: Integration with Twilio enables real-time 

notifications to be sent to users regarding parking slot availability. This involves: 

 Setting up a Twilio account and obtaining credentials for sending messages. 

 Developing a notification system that triggers messages to be sent to users when parking 

slots become available in their requested parking areas. 

 Testing the notification system to ensure timely and accurate delivery of messages. 

 

3.6 Evaluation and Testing: Evaluation and testing assess the performance and effectiveness 

of the developed system. This includes: 

 Conducting rigorous testing to validate the accuracy and reliability of the parking slot 

detection model. 

http://journal.hmjournals.com/index.php/JIPIRS
https://doi.org/10.55529/jipirs.43.37.46
http://creativecommons.org/licenses/by/4.0/


Journal of Image Processing and Intelligent Remote Sensing  

ISSN: 2815-0953 

Vol: 04, No.03, April-May 2024 

http://journal.hmjournals.com/index.php/JIPIRS 

DOI: https://doi.org/10.55529/jipirs.43.37.46 

 

 

 

 

Copyright The Author(s) 2024.This is an Open Access Article distributed under the CC BY 

license. (http://creativecommons.org/licenses/by/4.0/)                                                            43 

 Soliciting feedback from users to assess the usability and satisfaction with the system. 

 Iteratively refining the system based on testing results and user feedback. 

 

3.7 Deployment: Deployment involves deploying the developed system for real-world use. 

This includes: 

 Deploying the system on a web platform accessible to users. 

 Providing user support and assistance with system usage. 

 Monitoring system performance and addressing any issues or challenges that arise during 

deployment. 

 

3.8 Maintenance and Updates: Maintenance and updates ensure the continued functionality 

and improvement of the system over time. This includes: 

 Regularly monitoring system performance and addressing any bugs or issues that arise. 

 Incorporating user feedback and suggestions for system enhancements. 

 Updating the system with new features and improvements to meet evolving user needs and 

technological advancements. 

 

This comprehensive methodology outlines the key steps involved in developing and 

implementing the Robust Parking Space Allocation System using the scikit-learn library for 

machine learning algorithm implementation. Adjustments can be made based on the specific 

requirements and constraints of your project. 

 

4. RESULT AND DISCUSSION 

 

Result 

The culmination of our project showcases a highly effective parking space allocation system, 

leveraging cutting-edge technologies in machine learning and computer vision. Our system is 

capable of accurately detecting the number of empty parking slots in real-time using a Support 

Vector Classifier (SVC) algorithm trained model. Additionally, it incorporates a feature to send 

notifications to users via their registered mobile numbers, enabling them to receive  update on 

the availability of parking spaces at the moment. This innovative approach empowers users to 

plan their parking strategies in advance, optimising their parking experience and reducing 

unnecessary time spent searching for available slots. 

Through rigorous testing and evaluation, we have demonstrated the robustness and reliability 

of our system across various parking environments and conditions. The integration of SVC 

algorithm trained model ensures high accuracy in detecting empty parking slots, even amidst 

challenges such as varying lighting conditions and occlusions. Moreover, the seamless 

integration of mobile notifications enhances user convenience and accessibility, providing real-

time updates on parking space availability. Furthermore, the scalability and adaptability of our 

system make it well-suited for integration into smart city initiatives and urban planning efforts 

aimed at optimising parking utilisation. 

Our project delivers a comprehensive solution to address the challenges of parking space 

allocation through the utilisation of advanced machine learning algorithms and mobile 

notification systems. By enabling users to proactively plan their parking activities, we envision 
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a future where parking congestion is minimized, and urban mobility is enhanced. The 

successful implementation and validation of our system underscore its potential to transform 

the parking landscape and improve the overall quality of life in urban environments. 

 

Discussion 

The robust parking space allocation system presented in this study represents a significant 

advancement in parking management technology, offering a comprehensive solution to the 

challenges posed by urbanisation and limited parking infrastructure. By leveraging cutting-

edge technologies such as computer vision with OpenCV and machine learning with the SVC 

classifier from the scikit-learn library, the system effectively detects and quantifies empty 

parking spaces in real-time. The integration of mobile notifications further enhances the user 

experience by providing timely updates on parking space availability, enabling users to plan 

their parking activities efficiently. Through rigorous testing and evaluation, the system has 

demonstrated its reliability and robustness across various parking environments and conditions, 

highlighting its potential for widespread adoption in smart city initiatives and urban planning 

efforts. The comparative analysis with existing parking management solutions underscores the 

superiority of the developed system, emphasising its ability to improve parking management 

efficiency and reduce congestion. Overall, the Robust Parking Space Allocation System offers 

a scalable and efficient solution for addressing parking challenges in urban environments, 

paving the way for sustainable urban development and enhanced mobility for all. 

 

 
Fig: 3 Twilio Notification 

 

5. CONCLUSION 

 

The development and implementation of the Robust Parking Space Allocation System 

represent a significant advancement in parking management technology, addressing key 

challenges in urban mobility and congestion reduction. By leveraging modern technologies 

such as image processing with OpenCV, machine learning with the SVC classifier from the 

scikit-learn library, and  notifications regarding slot availability, the system offers an efficient 
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and user-friendly solution for optimizing parking space allocation and enhancing the overall 

parking experience for users. The performance evaluation of the system demonstrates its 

effectiveness in accurately detecting parking slot availability and notifying users accordingly. 

The integration of Open CV for image processing and the scikit-learn library for implementing 

the SVC classifier ensures robust classification of parking slots, contributing to the system's 

reliability and accuracy. Furthermore, the system's ability to notify users regarding slot 

availability enhances convenience and improves the overall user experience. User feedback 

highlights the system's usability and effectiveness inaddressing parking challenges, with users 

expressing satisfaction with the system's reliability and convenience. The comparative study 

further validates the superiority of the developed system compared to existing parking 

management solutions, emphasizing its potential for widespread adoption and impact on urban 

mobility.Overall, the Robust Parking Space Allocation System, utilizing both OpenCV and the 

SVC classifier from the scikit-learn library, offers a scalable and efficient solution for 

improving parking management efficiency, reducing congestion.This system provides a 

promising avenue for addressing these issues and fostering sustainable urban development. 
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