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Abstract

Parking management in big cities confronts significant challenges
with the rise in vehicle populations amidst constrained parking
capacities. This paper outlines the development and deployment of a
Parking Management System leveraging image processing
techniques. The Parking Management System aims to revolutionize
parking space management by automating the detection of vacant
and occupied parking spaces, thereby providing real-time parking
data to both management units and end-users. It introduces an
innovative integrated Parking Management System that employs
real-time image processing. In concert with this, a user-friendly
application crafted using MIT App Inventor allows users to view and
reserve available parking spots. The hardware setup involves the
installation of IP cameras above the parking lot, connected to a local
network, along with an ATmega328 microcontroller facilitating
communication with the processing unit. Software development
utilizes Python, utilizing OpenCV for image processing and PySerial
for serial communication. Additionally, the inclusion of the GSM
module facilitates instant SMS notifications to users upon successful
parking reservations, enhancing the user experience. This
technology demonstrates a notable enhancement in parking
efficiency, a decrease in the time spent searching for parking, and
potential improvements in traffic flow. Preliminary outcomes reveal
a high degree of accuracy in parking spot detection and user
endorsement of the application’s interface and reservation
functionalities, offering a promising resolution to current parking
management issues.

1. INTRODUCTION

The rapid pace of urbanization has led to an increase in
vehicle ownership, intensifying the demand for parking spaces
and presenting a critical challenge for urban infrastructure.
Effective parking management is essential for mitigating
congestion, reducing environmental impact, and alleviating
driver stress. Conventional parking solutions are often manual or
utilize basic electronic aids, which fail to meet the dynamic
demands of contemporary urban parking scenarios. In response
to this challenge, this paper presents the development and
implementation of a Parking Management System utilizing
image processing techniques.

Our project presents a sophisticated Parking Management
System designed to maximize parking space usage through the
synergy of modern technologies. The core of the system is a
Python-driven backend using the cv2 library for precise image
processing to identify the status of parking spots through real-

time video analysis. This is complemented by an accessible
application created with MIT App Inventor, which provides
users with a seamless interface for monitoring parking
availability and making reservations. The SPMS is designed to
automate the detection of vacant and occupied parking spaces,
providing real-time parking data to management units and end-
users. By leveraging modern technologies such as computer
vision and serial communication, the SPMS aims to optimize
parking space utilization, reduce congestion, and enhance the
overall urban mobility experience for drivers.

A defining feature of the proposed system is the incorporation of
a GSM module, specifically the SIM800L, which enables the
system to send SMS notifications to users once they have
reserved a parking spot. This communication layer acts as a
confirmation of the booking, delivering a more reliable and user-
friendly experience. The system's framework includes a
microcontroller that connects the parking lot's camera to a WiFi
module, facilitating the continuous streaming of parking space
data for backend processing.

This paper outlines the development journey of the Parking
Management System , exploring the design, implementation, and
user interaction aspects. By integrating technological
advancements with practical applications, the system aspires to
transform the landscape of parking management and inspire
future technological progressions in urban planning.

2. OBJECTIVE

The project aims to develop a real-time Parking Management
System for city governance, providing constant updates on
parking availability and monitoring slots to improve mobility and
space utilization. It involves creating a system that collects data
from sources like cameras and storing it reliably for analysis.
Additionally, a user-friendly frontend GUI will be developed to
facilitate easy interaction, allowing users to view availability and
book slots. This comprehensive approach combines technology
and user experience to enhance efficiency and convenience for
both drivers and parking operators.

3. METHODOLOGY

This project aims to develop and implement a Parking
Management System using image processing techniques. The
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system's objective is to automate the detection of vacant and
occupied parking spaces, providing real-time parking data to a
management unit or end-users. The implementation is divided
into hardware configuration and software development.

The Parking Management System requires a set of IP cameras
installed above the parking lot to capture real-time images of the
parking spaces. These cameras are connected to a local network,
allowing the processing unit to retrieve images through specified
IP addresses. A computer with image processing capabilities and
a serial port serves as the central processing unit (CPU) for the
parking management unit. It captures an image of an empty
parking lot as a reference, compares it with the current frames to
detect occupancy changes, and displays the status of each
parking lot in real time.

The system begins by capturing images of the parking area using
a mounted camera. It saves images of empty lots to disk and
performs operations on the captured images to detect vacant
spaces.

The key steps are:

e Capture images: Take pictures of the parking area with
an empty lot and when vehicles are parked.

e Subtract images: Subtract the image of parked vehicles
(image-2) from the image of the empty lot (image-1).

e Analyze the difference: Look for areas where image-2
is darker than image-1. These areas likely represent
parked vehicles.

e Detect vacant spaces: ldentify the boundaries of the
empty lots in image-1. [4]

By automating this process, the system can help drivers find
available spots and managers optimize parking layouts. In this
way it provides the better visualization of the parking area.

In this system the low power ATmega328p microcontroller is
used which acts as a communication layer between the different
components used. The components are Bluetooth unit, the GSM
Module and the CPU.

The mobile app communicates with the Bluetooth device which
is connected with the microcontroller. The communication
between the Atmega328 microcontroller and the Android
application is facilitated by an HC-05 Bluetooth module. The
ATmega328p is the controlling unit that receive the information
from both the user as well as the management unit. The
information gathered by the camera is initially processed as
described earlier and then the processed data is transferred to the
controller.

The controller is connected to the LCD. The LCD is responsible
for displaying the updates regarding then slots booked and slots
available. The Atmega328 microcontroller receives the
processed data from the PC. It displays the parking slot
availability information on a 16x2 LCD screen installed at the
parking facility. The LCD screen provides real-time updates on
the number of available parking slots, allowing users to make
informed decisions.

The management unit have the visualized information on the
system computer which is connected to the camera. This project
has two segments the user and the admin extracting the
information. The microcontroller has the connection with the
Bluetooth device and the GSM module that are performing the
specified task in the management system. The Bluetooth
SPP(serial port protocol) is used for serial communication over a
wireless medium. The Bluetooth module enables seamless data
exchange between the microcontroller and the mobile
application, ensuring real-time updates and efficient booking
processes.

As the third phase is the booking of the lots through the app.[2]
We require the GSM module which is a global system for mobile
communication used for the data transmission of short messages
over the wireless medium. The user has the GUI interface that

helps the user to interact with the system. Initially, the user sends
the request for the enquiry, and then the details of available slots
are provided to the user. Then the user enters the mobile number
and books a parking spot after which the user receives a message
of confirmation that the slot is booked with the parking details
such as slot humber. Then this information is updated, and the
system reserves the slot for the user.[8]
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Fig 1. Flow Chart

4. RESULTS & DISCUSSION

The Smart Parking Management System described in
this paper has shown promising results in addressing parking
challenges. Through the integration of image processing
techniques, real-time data processing, and user-friendly
interfaces, the Parking Management System aims to optimize
parking space utilization and enhance the overall urban mobility
experience.

Preliminary outcomes indicate a high degree of accuracy in
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parking spot detection and positive user endorsement of the
application’s interface and reservation functionalities. The
system's ability to automate the detection of vacant and occupied
parking spaces, coupled with instant SMS notifications for
parking reservations, has led to a notable improvement in parking
efficiency and user convenience.

Moreover, the proposed future enhancements, such as QR code
technology for online pre-payment and priority access systems
for emergency vehicles, demonstrate the system's potential for
further refinement and innovation.

However, challenges remain, including potential inaccuracies in
occupancy detection, data transmission delays or failures,
adverse weather conditions affecting image quality, and
technical complexities in system integration and user experience
management.

Overall, the Parking Management System presents a promising
solution to current parking management issues, with the potential
to transform urban mobility and inspire future technological
advancements in urban planning. Further research and
development are needed to address the system's limitations and
maximize its effectiveness in real-world urban environments.

Reference Images:

Fig 2. Empty slots.

Fig 3. After Occupation of the slots.

Parking Management System
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Fig 4. Android App

5. LIMITATION

The Android camera may only capture a portion of the
parking lot, missing vehicles parked outside of the
camera's field of view. This limits the system's ability
to provide an accurate real-time view of all parking
spaces. Sending images and data over the internet
introduces potential delays, packet loss, or failure if the
connection is poor. This could impact the real-time
nature of the occupancy detection and the ability to
quickly assign parking spots to users. Environmental
conditions: Adverse weather conditions such as rain,
snow, or fog can obscure camera lenses and impair
image quality, potentially affecting the accuracy of
parking space detection. Additionally, extreme weather
events may damage hardware components or disrupt
network connectivity, leading to system downtime.
Potential for technical issues: Combining Android
development, image processing, networking, and
potentially even hardware integration increases the
complexity and potential points of failure. Debugging
could be challenging due to the interconnected nature of
the systems. User experience on Android: The user app
must work seamlessly on a wide range of Android
devices with varying capabilities. This includes
different screen sizes, hardware specifications, and
Android versions. Ensuring a consistent and reliable
user experience across all devices is crucial. Technical
Complexity: Integrating real-time location tracking,
precise parking lot mapping, and seamless updates
between devices adds considerable complexity to the
project.

6. FUTURE IMPLEMENTATION
Incorporating QR code technology for online pre-payment
adds another layer of convenience and efficiency to the
Parking Management System By generating QR codes for
users to scan and complete payment transactions through
their mobile devices, the system streamlines the payment
process and reduces the need for manual intervention. Users

IJCRTAC02011 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 54


http://www.ijcrt.org/

www.ijcrt.org

© 2024 1JJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882

can simply scan the QR code displayed at the parking facility
using their smartphone camera, which redirects them to a
secure payment portal where they can complete the
transaction swiftly and securely. This integration not only
enhances user experience by eliminating the hassle of
handling physical payment methods but also improves
transaction accuracy and traceability. Future iterations of the
“Parking Management System” could include advanced
priority access systems specifically designed for emergency
vehicles. This system would utilize real-time data and
predictive analytics to identify and prioritize parking spaces
closest to emergency response locations, ensuring swift
access for ambulances. Accurate Location Tracking: The
app would need to accurately track the user's location in real
time. This likely requires GPS and potentially other location
Sensors

Precise Parking Lot Maps: The system would need detailed
maps of the parking lots with information on the number of
available spaces in real time. This could be a significant data
management challenge.

Network Bandwidth: Sending real-time location data and
updated parking lot information requires substantial network
bandwidth. This could be a limitation in areas with weak or
metered internet connections.

Privacy Considerations: Tracking user locations raises
privacy concerns. The app would need clear privacy policies
and likely require user consent. Location data would need to
be securely handled.

7. CONCLUSION

In conclusion, the development and deployment of the
Smart Parking Management System outlined in this
paper represents a significant advancement in
addressing the challenges of wurban parking
management. By leveraging image processing
techniques, real-time data processing, and user-friendly
interfaces, the Parking Management System aims to
revolutionize parking space utilization and enhance the
overall urban mobility experience.

The integration of hardware components such as IP
cameras, Arduino microcontrollers, and GSM modules,
along with software development using Python and
MIT App Inventor, demonstrates a robust and
comprehensive solution to optimize parking space
usage and improve user convenience. The system's
ability to automate the detection of vacant and occupied
parking spaces, provide real-time updates to both users
and management units, and facilitate instant SMS
notifications for parking reservations signifies a notable
enhancement in parking efficiency and user experience.
Looking ahead, the future scope of the Parking
Management System includes incorporating QR code
technology for online pre-payment and developing
advanced priority access systems for emergency
vehicles, further enhancing convenience, efficiency,
and safety. However, the system also faces limitations
such as potential inaccuracies in occupancy detection,
challenges in data transmission, adverse weather
conditions, and technical complexities in system

integration and user experience management.

Despite these challenges, the Parking Management
System presents a promising solution to current parking
management issues, offering a pathway towards more
efficient urban mobility and inspiring future
technological progressions in urban planning. With
ongoing refinement and innovation, the Parking
Management System has the potential to transform the
landscape of parking management, contributing to
reduced congestion, environmental impact, and driver
stress in urban areas.
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