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The Parking Charge Calculator represents a meticulously designed
system aimed at accurately determining the parking charges for
vehicles within a parking facility. This innovative solution
leverages Automatic Number Plate Recognition (ANPR)
technology in conjunction with a robust database system to
streamline the process of identifying vehicles and computing
corresponding parking fees. Within the confines of a parking lot,
the unique identification of vehicles is facilitated through the
extraction of information from license plates. When a vehicle
enters the parking lot, the Parking Charge Calculator initiates the
retrieval of the license plate number through the ANPR
technology. This automated recognition system efficiently
captures and records the alphanumeric sequence on the license
plate, laying the foundation for subsequent charge calculations.
The fundamental mechanism employed by the Parking Charge
Calculator involves the multiplication of hourly parking charges
by the temporal duration of a vehicle's stay. As the vehicle enters
the parking lot, the system records the entry time. Upon the
vehicle's departure, the departure time is similarly recorded.

The time difference between these two instances becomes a
critical parameter in the calculation process. Hourly parking
charges, predetermined and configured within the system, serve as
the unit of measurement for the calculation. The Parking Charge
Calculator multiplies these charges by the elapsed time, providing
a precise and automated method for determining the parking fee
for a given vehicle. This approach not only ensures accuracy in
charge computation but also eliminates the need for manual
intervention, promoting efficiency and reducing potential errors.
The integration of ANPR technology and a sophisticated database
system not only expedites the identification process but also
contributes to the overall reliability and security of the Parking
Charge Calculator. By automating the parking charge calculation
based on vehicle entry and exit times, this system offers a
seamless and transparent method for both parking lot operators
and vehicle owners, enhancing the overall parking experience and
fostering a more technologically advanced approach to parking
Management

Need of the Project

1. Efficient Parking Management: Optimized Space Utilization:
The ANPR system facilitates efficient parking space utilization
by automatically identifying and recording vehicles entering and
exiting the parking lot. This ensures that available spaces are
utilized effectively.

2. Enhanced Security and Surveillance: Vehicle Identification:
ANPR enhances security by accurately identifying and recording
the number plates of vehicles. This information can be crucial for
monitoring and controlling access, aiding in the identification of
unauthorized vehicles

3. Streamlined Billing and Payment: Automated Charge
Calculation: By integrating a parking charge calculation
mechanism, the system streamlines the billing process. This
automation eliminates the need for manual calculations, reducing
errors and ensuring accurate and transparent billing for parking
services.

4. User Convenience: Quick and Seamless Transactions: The
automated system provides a hassle-free experience for users.
They can enter and exit the parking lot without the need for
manual ticketing or payment, contributing to a more convenient
and user-friendly parking experience.

5. Data Analytics and Insights: Data for Decision-Making: The
system, by storing data in a database, generates valuable insights
into parking patterns, peak hours, and occupancy rates. This
information can be utilized for data-driven decision-making,
allowing parking lot operators to optimize their services.

6. Reduced Environmental Impact: Minimized Traffic
Congestion: By expediting the entry and exit process, the ANPR
system helps reduce traffic congestion in and around parking lots.
This, in turn, contributes to a more efficient traffic flow and
minimizes the environmental impact associated with congestion.

7. Operational Efficiency: Reduced Manual Intervention:
Automation in number plate recognition and charge calculation
reduces the need for manual intervention, minimizing the potential
for errors and enhancing the overall operational efficiency of the
parking management system.

8.Regulatory Compliance: Compliance with Parking Regulations:
The system can be configured to comply with local parking
regulations, ensuring that parking charges are calculated and
applied in accordance with established rules and policies.
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Objective of the Project

1. Automated Parking Fee Calculation: Develop a system
capable of automatically calculating parking fees based on the
duration of a vehicle's stay within the parking facility.

2. Integration of ANPR Technology: Implement Automatic
Number Plate Recognition (ANPR) technology to enable the
system to accurately capture and record the license plate
information of vehicles entering the parking lot.

3. Efficient Vehicle Identification: Facilitate a streamlined
vehicle identification process by leveraging ANPR technology to
efficiently extract and store alphanumeric sequences from license
plates.

4. Temporal Duration Tracking: Record the entry and departure
times of vehicles to determine the temporal duration of their
parking stay. This information forms a crucial parameter for
precise parking fee calculations.

5. Hourly Parking Charge Multiplication: Implement a
mechanism within the Parking Charge Calculator to multiply
hourly parking charges, previously configured in the system, by
the elapsed time of a vehicle's parking stay.

6. Accuracy and Error Reduction: Ensure accuracy in parking
fee computations by eliminating the need for manual intervention.
The system aims to minimize potential errors associated with
manual calculations, thereby enhancing overall accuracy.

7. Seamless and Transparent User Experience: Create a user-
friendly experience for both parking lot operators and vehicle
owners by offering a seamless and transparent method for parking
fee transactions. This includes automated processes from entry to
exit, enhancing user convenience.

8. Enhanced Operational Efficiency: Improve the efficiency of
parking facility operations by automating key processes, reducing
the time and effort required for manual tasks related to fee
calculation and data recording.

9. Reliability and Security: Enhance the reliability and security
of the Parking Charge Calculator by integrating a sophisticated
database system. This ensures the safe storage of vehicle
information and transaction records.

10. Data Insights and Reporting: Enable the generation of
valuable data insights by recording and storing information related
to parking patterns, occupancy rates, and peak hours. This data
can be utilized for informed decision-making and future
optimizations.

11. Technological Advancement in Parking Management:
Foster a more technologically advanced approach to parking
management by combining ANPR technology with automated fee
calculation, contributing to a modern and efficient parking system

Scope of the Project

The scope of this project is extensive, encompassing the
development of a sophisticated and automated system designed to
revolutionize parking management. The project primarily involves
the integration of Automatic Number Plate Recognition (ANPR)
technology with a robust database system to facilitate accurate
identification and record-keeping of vehicles within a parking
facility. The system's core functionalities include automated
calculation of parking fees based on the temporal duration of a
vehicle's stay, utilizing hourly parking charges configured within
the system. By eliminating manual interventions, the project aims
to enhance accuracy, reduce errors, and improve overall
operational efficiency. The seamless integration of ANPR
technology not only expedites the identification process but also
contributes to the reliability and security. The user experience is
prioritized through a user-friendly interface, simplifying the
transaction process for both parking lot operators and vehicle
owners. The system's scope extends to generating valuable data
insights, aiding in decision-making, and complying with local
parking regulations. Furthermore, scalability considerations ensure
adaptability to varying parking lot sizes and future expansion
requirements. Ultimately, the project seeks to introduce a
technologically advanced approach to parking management,
fostering innovation and efficiency in the realm of urban mobility.

Literature Survey

In There is lot of project available on parking system management
or smart car parking system in which they

are providing root to vehicle where it has to be park, but mostly
not calculating the parking charges and

time. They are generally scan the vehicle number plate and
extracting the number plate digit. For overcome

these problem we are trying to build a project which will be
provide facility to calculate parking charge of

a vehicle.

Automated Parking Systems (APS)

Research by Mubashirin and Maksura (2017) explores the
evolution of automated parking systems, discussing the key
components, benefits, and challenges. This provides a
foundational understanding of the overall context of automated
parking.

Vehicle Detection and Recognition:
®  Zhang et al. (2017) investigate various methods for vehicle
detection and recognition in parking areas. This is crucial for
accurate tracking of wvehicles entering and exiting the
parking facility, a key aspect of automated billing systems.
Techniques like
] YOLO (You Only Look Once) and Faster R-CNN
(Region-based Convolutional Neural Network) are
commonly used for real-time object detection,
including vehicles
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B RFID Tags on Vehicles: RFID technology can be used
for vehicle identification as it allows for contactless
communication between the vehicle and the parking
system.

B Optical Character Recognition (OCR)In addition to
vehicle detection, recognizing license plates can be
important for parking management and billing.

®  Convolutional Neural Networks (CNNs): CNNs have
shown significant success in image recognition tasks,
including vehicle detection

Machine Learning in Parking Management:

[ Gupta and Singh (2020) delve into the application of machine
learning algorithms for parking management. This includes
predictive modeling for parking space availability and optimizing
charging based on demand.

Automated Billing Systems:

[1 Wang et al. (2019) present a study on automated billing systems
for parking, focusing on efficiency and accuracy. This includes
discussions on real-time data processing, payment gateways, and
integration

with mobile applications.

Approach:

1. Define Requirements:

®  Clearly define the requirements and objectives of the Smart
Parking System.

®  Research Number Plate Recognition (NPR) Technology:

) Investigate and choose a suitable NPR technology based on
accuracy and performance.

2. Set Up Database:

®  Establish a database (MySQL, SQL.ite, etc.) to store number
plates, entry/exit timestamps, and parkingrelated data.

) Design the database schema.

3. Implement User Interface (Ul):

®  Develop a user-friendly Ul for customers and administrators.

) Include features like registration, login, and a dashboard for
users to check parking history and pricing.

4. Integrate NPR Camera System:

® Integrate an NPR camera system to capture and recognize
license plates.

® Implement image processing algorithms to extract number
plates.

5. Parking Management System:

® Create a system to manage parking spots, indicating
occupied and available spots.

® Implement logic for entry and exit events, updating parking
spot status.

6. Define Pricing Strategy:

® Define a pricing strategy based on factors such as duration
of stay, vehicle type, or location.
® Implement logic to dynamically calculate parking fees.

7. Integration with Payment Gateway:

) Integrate a secure payment gateway for users to make
payments for their parking.

®  Research Number Plate Recognition Techniques:

®  Explore research papers on advanced NPR techniques, OCR,
deep learning, and computer vision.

8. Explore Smart Parking Algorithms:

] Investigate research on smart parking algorithms that
optimize space utilization.

) Consider occupancy prediction models.

9. Research Security and Privacy:

®  Explore research on securing user data, especially license
plate information.

° Implement encryption and other security measures.

10. Implement UI/UX Enhancements:
® Implement findings from research to enhance the UI/UX
design for improved user experience.

11. Testing:

®  Conduct thorough testing of the entire system, including
NPR, database operations, pricing calculations, and user
interactions.

12. Optimization:

) Optimize algorithms for speed and accuracy.

®  Fine-tune parking pricing logic based on user feedback and
system performance.

13. Deployment in a Controlled Environment:

® Deploy the Smart Parking System in a controlled
environment.

®  Monitor system performance and address any issues.

14. Scale-Up Deployment:
®  Once validated, scale up the deployment to larger parking
facilities or multiple locations.

Software Implementation:

The software implementation phase of our project involved the
translation of the conceptual design into a functional system
capable of capturing license plate information, storing it in a
database, and calculating parking prices based on the duration of
parked vehicles. The following aspects were pivotal in achieving a
successful implementation:

® Programming Language and Frameworks: Our system
was implemented using Python as the primary programming
language, leveraging its versatility in the field of computer

© 2024, IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM30763 | Page 3


http://www.ijsrem.com/

_gl \3&
%RE.M International Journal of Scientific Research in Engineering and Management (IJSREM)
w Volume: 08 Issue: 04 | April - 2024 SJIF Rating: 8.448 ISSN: 2582-3930

© 2024, IJSREM

vision and data manipulation. OpenCV, a popular computer
vision library, played a key role in license plate recognition,
while other relevant frameworks were employed for
database integration and pricing algorithm development.

License Plate Recognition (LPR): The LPR component
involved the integration of image processing techniques and
machine learning models. We employed pre-trained deep
learning models, and fine-tuned them on a dataset containing
diverse license plate images. The integration of OpenCV
facilitated image capturing, pre-processing, and the
application of adaptive thresholding for enhanced plate
recognition accuracy.

Database Integration: For seamless database integration,
we utilized MySQL as the relational database management
system. Python's MySQL Connector facilitated the

implemented to ensure that the system maintained
performance levels even under increased demand.

The successful software implementation of our automated parking
management system lays the foundation for its practical
application, providing an efficient, accurate, and user-friendly
solution to the challenges posed by license plate recognition,
database storage, and dynamic pricing calculations based on
parking duration.

Hardware Implementation:

The hardware implementation phase of our project involved the
selection, setup, and integration of physical components necessary
for the functionality of the automated parking management
system. Key considerations and components included in the
hardware implementation are as follows:

interaction between our software and the database, enabling ®  Camera Systems: The core of our license plate recognition
the secure storage of license plate information. Database system relied on strategically positioned cameras capable of
schema design ensured efficient retrieval and management capturing clear images of vehicle license plates upon entry
of data. and exit. High-resolution cameras with sufficient frame rates
were chosen to ensure accurate and reliable image capture,
Parking Pricing Algorithm: The pricing algorithm was even in varying lighting conditions.
implemented to calculate parking prices based on the
duration of parked vehicles. Time stamps were recorded at ®  Processing Units: A robust processing unit, typically a
the entry and exit points, and the algorithm dynamically computer or a dedicated embedded system, was employed
computed pricing tiers, considering factors such as time for real-time image processing and the execution of the
intervals and any special conditions. license plate recognition algorithm. The processing unit's
specifications were chosen based on the computational
User Interface: A user-friendly interface was developed to demands of the image processing tasks and the overall
facilitate interactions with the system. We designed a system requirements.
graphical user interface (GUI) that allowed administrators to
monitor parking activities, view captured license plate ® Storage Solutions: Efficient storage solutions were
information, and manage the database. End-users, on the implemented to manage the database containing license
other hand, experienced a streamlined process during entry plate information and parking duration records. The
and exit, receiving clear information regarding parking selection of storage devices, whether traditional hard drives
prices. or solid-state drives, depended on considerations such as
data retrieval speed and storage capacity requirements.
Testing and Debugging: Rigorous testing procedures were ® Networking Components: To enable  seamless
implemented to ensure the reliability and robustness of our communication between different system components,
system. Unit testing, integration testing, and system testing networking components such as routers and switches were
were conducted to identify and address any bugs or implemented. These components facilitated data transfer
inconsistencies in the implementation. Debugging processes between the camera systems, processing units, and the
were employed iteratively to refine the codebase. database.
Security Measures: The implementation incorporated ° Display Interfaces: Display interfaces, such as monitors or
security measures to safeguard sensitive license plate screens, were integrated for administrative purposes. These
information stored in the database. Encryption techniques displays provided a visual interface for system
and access controls were implemented to prevent administrators to monitor parking activities, view license
unauthorized access or data breaches. plate information, and access system logs.
Scalability Considerations: To assess the scalability of our ®  User Interaction Devices: For end-users interacting with

system, we conducted tests simulating varying loads of
vehicles and users. Optimization techniques were
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the system at entry and exit points, user interaction devices
were implemented. These could include ticket dispensers,
card readers, or touchscreens for inputting information.
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®  Power Supply: Reliable and uninterrupted power supply
solutions were implemented to ensure the continuous
operation of the entire system. This could involve backup
power systems or surge protection measures to prevent data
loss or system downtime.

®  Security Systems: In addition to the software-level security
measures, physical security systems were implemented.
These could include surveillance cameras, access control
mechanisms, and enclosures to protect the hardware
components from tampering or unauthorized access.

® Sensors: Sensors, such as motion sensors or infrared
sensors, may be incorporated to enhance the automation of
certain processes. For example, sensors could trigger image
capture when a vehicle approaches an entry point.

® Integration and Interfacing: Ensuring seamless integration
between hardware components was a critical aspect of the
implementation. This involved configuring interfaces,
protocols, and communication pathways to enable efficient
data flow and system coordination.

The successful hardware implementation of our automated
parking management system ensures the reliability and
responsiveness of the physical components, contributing to the
overall efficiency and effectiveness of the system in capturing
license plate information, managing databases, and calculating
parking prices based on duration.

Result and Discussions

In the evaluation of our automated parking management system,
the license plate recognition (LPR) component exhibited
commendable accuracy, achieving precision, recall, and F1 scores
that underscore its robustness. Numerous case studies highlighted
successful instances of capturing license plate information,
showecasing the reliability of our system. The integration of the
database proved effective, demonstrating efficient storage of
license plate data. Security measures implemented within the
database ensured the confidentiality and integrity of stored
information. Furthermore, our system excelled in accurately
analyzing parking durations, accommodating various scenarios,
from short-term stops to prolonged parking periods. The pricing
algorithm exhibited precision, accurately reflecting the calculated
parking prices for diverse parking durations. Performance metrics,
including processing speed and resource utilization, reinforced the
overall efficiency of our system.

Throughout the project, we navigated and mitigated several
challenges. Adapting to diverse lighting conditions and addressing
potential obstacles in license plate recognition presented initial
hurdles, but adjustments were made, resulting in a robust LPR
system. Despite our system's successes, limitations were
acknowledged, such as scenarios where recognition might falter or

pricing inaccuracies could arise. Real-world user feedback played
a pivotal role in refining our system, leading to adjustments based
on practical insights. A comparative analysis with existing
systems underscored the unique features and improvements
offered by our automated parking management solution.
Consideration of ethical implications, especially concerning
privacy and data security, remained a priority throughout the
project. Scalability assessments indicated the system's ability to
handle increased user and vehicle loads.

Looking forward, potential enhancements could include exploring
emerging technologies and additional features to further refine and
expand the capabilities of our automated parking management
system. This research and development provide a valuable
contribution to the domain of parking management, offering an
efficient, accurate, and user-friendly solution to address the
challenges associated with capturing license plate information,
database storage, and calculating parking prices based on duration.
In conclusion, our system marks a significant stride towards
optimizing parking operations, enhancing security, and providing
a seamless experience for both administrators and end-users.

Conclusions

In conclusion, the implementation of an Automatic Number Plate
Recognition (ANPR) system, capable of capturing vehicle license
plate images, storing corresponding numbers in a database, and
subsequently calculating parking charges, represents a significant
advancement in parking management technology. This innovative
system combines cutting-edge image recognition technology with
efficient data processing, creating a seamless and automated
solution for parking facilities. By leveraging ANPR, the system
streamlines the identification of vehicles entering and exiting a
parking lot, enhancing security and eliminating the need for
manual ticketing. The captured license plate numbers are stored in
a robust database, providing a reliable record of parking activities.
The integration of a parking charge calculation mechanism adds a
layer of convenience, as the system autonomously calculates fees
based on the temporal duration of each vehicle's stay. The
implications of this technology extend beyond mere automation,
contributing to improved efficiency, accuracy, and user
satisfaction. The elimination of manual interventions reduces the
margin for errors in fee calculations, while the real-time data
captured enablesparking lot operators to gain insights into usage
patterns and optimize resource allocation. The system's user-
friendly interface further enhances the overall experience for both
operators and vehicle owners. Moreover, the adoption of such an
ANPR-based parking management system aligns with the broader
trends in smart urban infrastructure, offering a technologically
advanced solution that can be scaled to meet the varying needs of
different parking facilities. As cities evolve and traffic
management becomes increasingly complex, the implementation
of intelligent systems like ANPR not only facilitates efficient
parking but also contributes to the development of smarter and
more sustainable urban environments. In conclusion, the ANPR
system emerges as a transformative solution, bridging the gap
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between traditional parking methods and a future-oriented,
technology-driven approach to parking management.

Future Scope

1. Enhanced Object Recognition: Improve the vehicle number
recognition system by incorporating

advanced Optical Character Recognition (OCR) techniques,
machine learning, or deep learning models to

enhance accuracy, especially in challenging conditions such as
low light or distorted images.

2. Integration of Advanced Sensors: Explore the integration of
additional sensors, such as ultrasonic or

infrared sensors, to complement camera-based systems. This can
provide a more comprehensive approach to

parking space detection and vehicle tracking, especially in
scenarios where visual data may be limited.

3. Real-time Parking Space Awvailability Updates: Expand the
system to provide real-time updates on

parking space availability to drivers. Implement algorithms that
continuously analyze parking lot occupancy,

optimizing space utilization and minimizing congestion.

4. Behavior Analysis for Accident Prevention: Integrate behavior
analysis algorithms to predict and

prevent potential collisions within the parking lot. Analyzing
vehicle movement patterns and identifying

risky behaviors in real-time could contribute to enhanced safety
features.

5. Advanced Deep Learning for Accident Detection: Explore more
advanced deep learning architectures

or hybrid models for accident detection, beyond YOLO with CNN.
Investigate the incorporation of state-of

the-art models to further improve the accuracy and efficiency of
collision detection.

6. Scalability and Adaptability: Design the system to be scalable
and adaptable to various parking lot sizes

and configurations. Consider the deployment of the system in
diverse environments to assess its

performance under different conditions.

7. Integration with Autonomous Vehicles: Explore compatibility
with autonomous vehicles by enhancing

the communication between the smart parking system and
connected vehicles. This integration can lead to

more efficient parking and traffic flow management.

8. User-Friendly Mobile Applications: Develop user-friendly
mobile applications that provide real-time

information to drivers, including parking space availability,
accident alerts, and navigation assistance to the

assigned parking space.

9. Energy Efficiency and Sustainability:Implement energy-
efficient strategies, such as optimizing camera

usage based on demand or incorporating renewable energy sources,
to enhance sustainability
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