e 7Y

VOLUME: 09 ISSUE: 04 | APRIL - 2025

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM)

g’
':IJSREM"
< Journal

SJIF RATING: 8.586 ISSN: 2582-3930

Smart Parking Your Parking Assistant

Shahanas S
B.SC Information technology
Rathinam college of Arts &
Science, coimbatore.
shahanasshaju7l@gmail.com

Abhishek J.S
B.SC Information technology
Rathinam college of Arts &
Science, coimbatore.
abhishekjsabhishekjs@gmail.co

Abdul Rahman K
Information technology
Rathinam college of arts and
science, Coimbatore
abdulrahman37729@gmail.com

Vino chalsy B
B.SC Information technology
Rathinam college of Arts &
Science coimbatore
chalsyvino@gmail.com

Abstract—Smart Park

It is a software solution designed to enhance the parking
experience in locations with a high volume of vehicles,
such as airports, shopping malls, and other busy venues.
Upon entering a mall, drivers must find a parking space
for their motorcycles or cars, often relying on security
personnel to assist in locating an available slot.
Retrieving a vehicle from a crowded parking area can
be challenging, as it requires remembering the exact
location of the parked vehicle. While this task may be
manageable in smaller facilities, it becomes
increasingly difficult in larger environments like
international airports.

To address this issue, we propose a software application
that utilizes Al technology. Upon arrival at the parking
facility, the vehicle's license plate will be scanned by Al
cameras at the entrance, and a ticket featuring slot
address and a QR code will be issued. Scanning this QR
code will provide directions to the designated parking
space, facilitating both the parking and retrieval
processes. The system will require two cameras: one at
the entrance to capture the license plate and another
within the parking area to identify available slots.

Introduction

Our Smart Parking project is closely related to the
Data Science domain due to its heavy reliance on data
collection, analysis, and machine learning algorithms to
solve real-world problems. Here’s how the project ties
into the Data Science field:

Data Collection and Processing:

 License Plate Recognition (LPR): Al-powered
cameras collect data on incoming vehicles by scanning
license plates at
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the parking facility entrance. This data (license plate
numbers, entry time, vehicle type) is vital for managing
and tracking the vehicles in the parking lot.

» Parking Slot Information: Data about available
parking spots (which slots are empty, which are
occupied, and real-time updates) is constantly collected
and processed to keep track of the parking space
utilization.

Machine Learning and Al:

* Pattern Recognition: Machine learning algorithms
are used to analyze parking patterns, such as peak
parking times, slot occupancy trends, and more. Over
time, the system can predict which areas are likely to
have available spots and when.

* License Plate Recognition: The Al camera utilizes
machine learning models, particularly computer vision,
to accurately recognize license plates even under
varying conditions (like lighting, angles, or vehicle
types). This process involves deep learning techniques,
a subfield of machine learning.

Real-Time Data Analysis:

* Data Streaming: The system requires real-time data
analysis to track vehicles as they enter or exit the
parking area. This data is processed continuously to
ensure the parking status is updated in real-time,
allowing users to get immediate information about
available slots.

* QR Code Interaction: Scanning QR codes provides
users with real-time data about their parked vehicle,
such as its exact location. This data is dynamically
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linked to the parking system, showing real-time updates
on parking space availability.

Predictive Analytics:

* Traffic Flow Analysis: Using historical data and
current patterns, predictive models can forecast parking
demand at specific times of day, seasons, or special
events. For instance, airports or malls can predict high-
demand times and dynamically adjust the parking
management system to meet these demands.

* Demand Forecasting: Data science techniques such
as time-series analysis can be used to predict future
parking trends, enabling parking facilities to optimize
space management by predicting peak usage hours or
seasons.

Optimization Algorithms:

* Space Optimization: Data science can be applied to
optimize the parking lot’s layout by analyzing which
areas have the highest occupancy rates. Machine
learning models can optimize how vehicles are assigned
to parking spaces, ensuring efficient use of available
spots.

* Dynamic Pricing: Based on parking demand and
availability, the system can use algorithms to implement
dynamic pricing. For instance, if a parking lot is filling
up quickly, the price may increase to encourage some
vehicles to park elsewhere, optimizing the use of
available spaces.

Data Visualization:

» User Interface: The software application can
incorporate data visualization techniques to display
information such as available parking spaces, vehicle
locations, and historical parking trends. Interactive
dashboards could allow users to view the status of
parking lots in real time.

* Parking Analytics for Facility Managers: Facility
operators could use visualized data and reports to make
better decisions about parking management, such as
identifying underutilized areas or peak demand times.

Data-Driven Decision Making:

* Improving User Experience: By continuously
collecting data and analyzing patterns in parking

behavior, the system can offer data-driven suggestions
for improving the overall parking experience, such as
recommending parking areas based on past user
preferences.

» Feedback Loop for System Improvement: Data
science allows for continuous improvement of the
system by incorporating feedback from users and
analyzing the performance of the Al system to reduce
errors in license plate recognition or parking spot
allocation.

Big Data:

* Handling Large Volumes of Data: In busy areas like
airports and malls, the system will handle large volumes
of data daily (e.g., vehicle entries and exits, parking
history, time data, and usage statistics). Big data tools
and frameworks (such as Hadoop, Spark) may be used
to store, process, and analyze this large amount of data
efficiently.

Data Security and Privacy:

* The Smart Parking system will handle sensitive
data (such as license plate numbers). Data science also
encompasses techniques for securing this data using
encryption methods and ensuring compliance with data
protection regulations, like GDPR, to safeguard users'
privacy.

Conclusion:

The Smart Parking system draws heavily on data
science principles. From collecting and processing real-
time data to implementing machine learning algorithms
for parking optimization and predictive analytics, the
project integrates a wide range of data science
techniques to improve the efficiency and convenience
of parking solutions. By leveraging Al, data analytics,
and machine learning, the system provides an
innovative way to enhance parking management and
improve user experience.

WORKING:

Scene 1: Entering the Parking Lot

1. A car enters the parking lot.

2. Visuals: The car approaches a check post with
a sign that says “Parking Check-In.”

3. The driver stops at the check post.
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4. Voiceover/Text: “As you enter the parking lot,
stop at the check post.”

Scene 2: Getting the Receipt

1. At the check post, an ultrasonic sensor in the
parking zone detects available spaces.

2. Visuals: The sensor activates and sends the data
to the check post.

A QR code is printed on the receipt.

Voiceover/Text: “Get your receipt with a QR
code for directions.”

Scene 3: Finding the Parking Spot

1. The driver scans the QR code on the receipt
using their phone.

2. Visuals: The phone shows a map and directions
to the available parking spot assigned to them.

The car drives to the indicated parking spot.

Voiceover/Text: “Scan your QR code to get
directions to your parking spot.”

Scene 4: Returning to the Car

1. The driver exits the airport, ready to return to
the car.

2. They open the phone and scan the QR code
again to get directions to the car.

3. Visuals: The map directs them to the exact spot
where the car is parked.

4. Voiceover/Text: “When you’re ready to leave,
scan the QR code again to find your car.”

Scene 5: Payment for Parking

The car arrives at the exit gate.

2. Visuals: A digital screen at the exit shows the
parking time and total cost.

The car automatically processes the payment.

4. Voiceover/Text: “Finally, make the payment
for your parking.”

Scene 6: Exit

1. The gate opens, and the car drives out of the
parking lot.

2. Visuals: The car drives away, and the parking
lot fades out.

3. Voiceover/Text: “Drive off and enjoy your
seamless parking experience!”

Literature Survey:

The concept of a "Smart Parking" system is gaining
traction due to the growing demand for efficient parking
solutions in urban environments and high-traffic areas
like shopping malls, airports, and business districts. A
smart parking system leverages advanced technologies,
including artificial intelligence (Al), the Internet of
Things (loT), and image recognition, to optimize
parking management, reduce traffic congestion, and
enhance the overall parking experience for users.

1. Overview of Smart Parking Systems

Smart parking systems (SPS) are designed to
automate the parking process, making it easier to find
and park vehicles in busy facilities. These systems often
incorporate technologies like sensors, 10T, mobile apps,
and Al to monitor, track, and control parking space
usage in real-time. Research highlights that the main
benefits of smart parking are:

* Improved space utilization
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* Reduced search time for parking spots
* Decreased congestion

* Increased convenience for users (Liu et al., 2017).

2. Al and Image Recognition in Parking

Al and computer vision are at the forefront of the
technological innovations used in smart parking
solutions. Image recognition and Al-powered cameras
play a pivotal role in identifying and tracking vehicles
in parking areas. As drivers enter parking lots, their
vehicles’ license plates are scanned using Al-powered
cameras, which enables automatic registration of the
car. Additionally, Al algorithms analyze real-time data
to predict parking availability and even recommend the
nearest available slot.

» License Plate Recognition (LPR): LPR systems
have been employed to automate vehicle entry and exit,
improve security, and track parking availability (Yang
& Zhao, 2016). By scanning the license plate upon
vehicle arrival, parking management systems can
authenticate vehicles, issue tickets, and track their
locations.

 Real-Time Parking Management: Al algorithms
also help in predicting the availability of parking
spaces. This information can be communicated to users
through mobile apps, guiding them to available spots
and enhancing the parking experience (Xue & Zhang,
2018).

3. Integration with Mobile Applications

One significant advancement in smart parking is the
integration with mobile applications, which are used to
provide real-time updates on parking availability,
directions, and payment systems. The user experience
is significantly enhanced when the system can provide
an intuitive, user-friendly interface, allowing users to
locate and reserve parking spots, as well as pay for
parking via their smartphones.

* User Notifications and Parking Guidance:
According to research by Ranjith et al. (2019), users of
smart parking systems benefit from push notifications
informing them of parking availability, allowing them
to navigate directly to an available spot without
unnecessary delays.

* QR Code-Based Ticketing: QR codes are used to
streamline the parking process. Upon entering a parking
facility, a ticket containing the slot number and a QR
code is issued to the driver. This QR code can then be
scanned at the time of departure, automatically
processing payment and logging vehicle exit.

4. Benefits and Challenges
The benefits of smart parking systems include:

* Reduced Congestion: By reducing the time drivers
spend searching for parking, smart parking systems
alleviate congestion and reduce traffic in parking areas
(Lee et al., 2018).

* Energy Efficiency and Sustainability: Research by
Kress et al. (2020) suggests that smart parking systems
reduce energy consumption by optimizing parking lot
usage and minimizing the need for additional
infrastructure.

* Improved User Experience: Users of smart parking
systems have a more seamless and convenient parking
experience, with real-time information and reduced
stress (Shah et al., 2019).

However, several challenges must be addressed:

* Privacy Concerns: The use of Al and LPR
technology raises concerns about data privacy and
security. Users may feel uncomfortable with their
vehicles being constantly tracked (Xue & Zhang, 2018).

* System Integration: Integrating smart parking
systems with existing infrastructure in older parking
lots or buildings may be costly and technically
challenging (Liu et al., 2017).

5. Recent Developments

* Al-Powered Parking Assistance: In addition to the
core functionality of slot allocation, some systems are
incorporating Al to provide advanced features such as
automated vehicle retrieval (Henderson et al., 2021).
This can further enhance user convenience, especially
in larger parking areas like airports, where drivers may
not remember where they parked.

* Blockchain Integration: Emerging research is also
exploring the integration of blockchain technology in
smart parking systems to enhance security and
transparency in payment and booking processes (Lee &
Kim, 2020). Blockchain ensures tamper-proof
transactions and a decentralized method for parking
spot reservations.

* Electric Vehicle (EV) Integration: With the rise of
electric vehicles, some smart parking systems are
beginning to incorporate EV charging stations, further
enhancing their relevance and utility in modern
transportation (Arababad et al., 2020).

6. Case Studies of Smart Parking Solutions

* Smart Parking at Airports: Systems at airports,
such as the one deployed at Changi Airport in
Singapore, employ loT sensors and Al-driven cameras
to track parking space availability. Users can reserve
parking spots online and use mobile apps to navigate to
available spaces (Changi Airport Group, 2018).
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* Smart Parking at Malls: Research from the
National Institute of Technology (NIT), India,
demonstrated that mall-based smart parking systems
improve the overall user experience by using loT-based
sensors to provide real-time information about parking
space availability (Ranjith et al., 2019).

Conclusion and Future Directions

The research and development of smart parking
systems are moving rapidly, with a strong emphasis on
integrating Al, machine learning, loT, and mobile
technologies. While there are significant benefits in
terms of convenience, congestion reduction, and user
experience, there are still challenges to overcome,
especially regarding data security and system
integration with existing infrastructure.

Future developments may focus on more advanced
Al algorithms for improved parking prediction,
seamless integration with electric vehicles and charging
stations, and further integration with smart city
initiatives. The introduction of autonomous vehicles
could also revolutionize smart parking by allowing cars
to park themselves without human intervention,
presenting new opportunities for optimization.

This literature survey outlines the importance and
advancements in smart parking systems, providing
insights into the technologies and innovations that
contribute to this growing field.

EVOLUTION
Evolution of Smart Parking

The evolution of smart parking systems has been
driven by the need for more efficient, user-
friendly, and scalable solutions in urban areas and
high-traffic locations like airports, shopping
malls, and business districts. With urbanization
and the increasing number of vehicles on the road,
traditional parking systems have proven to be
inadequate in handling the demand for parking
spaces. The development of smart parking
technology has progressed in several phases, each
addressing key challenges and leveraging new
advancements in technology.

Here's an overview of the evolution of smart
parking:

1. Traditional Parking Systems (Pre-2000s)

Before the rise of digital and 10T technologies,
parking management systems were largely
manual and operated in a rudimentary manner:

* Manual Parking: Drivers typically relied on
security personnel or parking attendants to guide
them to available spots. Parking lot layouts were
static, with no real-time information on space
availability.

* Ticketing and Payment: Parking tickets were
issued on paper, and drivers were required to pay
at pay stations or booths.

* No Real-Time Data: There was no real-time
monitoring of parking space usage, and drivers
had to manually search for a space, contributing
to congestion and longer wait times.

2. Introduction of Sensors and Automated
Parking (2000-2010)

In the early 2000s, smart parking began to emerge
with the integration of basic sensors and
automation:

* Sensor-Based Parking: The first generation of
smart parking systems used infrared or ultrasonic
sensors embedded in parking spaces. These
sensors detected whether a parking spot was
occupied or vacant, transmitting real-time data to
a central system.

* Basic Parking Management Systems: With the
deployment of sensors, parking management
systems were able to guide drivers to available
spots via overhead lights or electronic boards.
This reduced the time spent searching for a
parking space.

* Automated Payment: Automated payment
systems began to emerge, allowing drivers to pay
via kiosks or credit card machines, reducing the
need for cash transactions.

3. Integration of 10T and Mobile Apps (2010—
2015)

The period from 2010 to 2015 saw significant
advancements in connectivity, with 10T (Internet
of Things) and mobile applications being
integrated into smart parking systems:

* [oT-Enabled Parking: 10T sensors connected to
the internet allowed for real-time data
transmission, making parking availability updates
instantaneous. 10T platforms also enabled better
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system integration, allowing cities to collect and
analyses parking data for optimization.

» Mobile Apps for Parking: The use of mobile
apps became a key feature, allowing drivers to
check parking availability, reserve spots, and
make payments using their smartphones. Apps
like ParkMobile and Park Whiz enabled drivers to
easily find and book parking spaces in advance.

* Dynamic Pricing: Some systems introduced
dynamic pricing models, where parking rates
varied depending on demand, time of day, and
location. This feature helped optimize parking
resource allocation.

4. Al and Advanced Automation (2015-Present)

In the last decade, Al and advanced automation
have significantly enhanced smart parking
systems, bringing about sophisticated solutions
for large and complex parking areas:

* Al-Powered Parking Solutions: Al and machine
learning algorithms began to be integrated into
parking management systems to predict parking
availability, optimize parking space allocation,
and suggest the best spots for drivers based on
historical data and traffic patterns. Al also
allowed systems to learn from user behaviour and
adjust to real-time conditions.

* License Plate Recognition (LPR): Al cameras
use machine learning algorithms to automatically
recognize license plates upon entry and exit,
facilitating automated check-ins, payments, and
monitoring. This technology improves security
and ensures a smooth flow of vehicles without the
need for human intervention.

* Automated Vehicle Retrieval: The rise of
autonomous vehicles and Al-enabled parking
solutions also led to the development of
automated vehicle retrieval systems. For
example, some parking lots use Al-powered
robotic systems to move cars and place them in
available spots, eliminating the need for human
drivers to park their vehicles manually (also
known as valet parking systems).

» Real-Time Navigation and Guidance: Smart
parking systems now provide real-time guidance,
leading drivers to available parking spaces
through mobile apps or in-vehicle navigation
systems. This is particularly useful in large and
crowded parking lots, such as those at airports and
malls.

* QR Code and Ticketing Integration: Many
systems now offer digital ticketing with QR

codes. Upon entry, a QR code is issued, which can
be scanned during departure to automatically
calculate payment. This reduces the need for
physical tickets and speeds up the process of
entering and exiting parking lots.

5. Future Trends and Innovations (2025 and
Beyond)

The future of smart parking is focused on further
enhancing  convenience, integrating  with
emerging technologies, and contributing to
smarter urban ecosystems:

* Autonomous Vehicles and Parking: As self-
driving cars become more widespread, parking
systems will evolve to accommodate fully
autonomous vehicles. These vehicles will be able
to park themselves in designated spots,
eliminating the need for drivers to search for or
park in spaces manually.

* Blockchain for Parking Transactions:
Blockchain technology may be used to enhance
security and transparency in parking transactions.
It will enable tamper-proof payment systems,
decentralized parking space bookings, and more
transparent tracking of usage patterns.

 Sustainability and Green Parking: As cities
strive for sustainability, future parking systems
will integrate eco-friendly features such as
electric vehicle (EV) charging stations and green
parking lot designs. Smart parking can also
optimize energy usage by reducing the time spent
searching for parking and minimizing congestion.

* Integration with Smart Cities: Smart parking
systems will increasingly be integrated with other
smart city infrastructure, allowing for better
traffic management and enhanced urban mobility.
By connecting parking systems with smart traffic
lights, public transportation systems, and vehicle
fleets, cities can optimize the flow of both
vehicles and people.

* Personalized Parking Experience: Future
parking solutions will offer even more
personalized services, using Al to tailor parking
recommendations based on user preferences,
previous behaviour, and location.
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Conclusion

The evolution of smart parking systems reflects
the growing demand for efficiency, convenience,
and scalability in managing parking resources in
high-demand areas. From basic sensor-based
systems to Al-driven, fully automated solutions,
the journey of smart parking has been shaped by
advances in connectivity, automation, and data
analytics. As the world moves towards more
intelligent cities, the next generation of parking
systems will likely integrate seamlessly with
other urban technologies to provide an even more
streamlined,  efficient, and  user-friendly
experience.

Problem Statement:

Parking management systems in large-scale
facilities face several challenges, including long
waiting times at entry and exit points, difficulty in
locating available parking spaces, traffic
congestion within the parking lot, manual
payment inefficiencies, unauthorized parking,
security issues such as theft, and the misuse of
parking spots. Additionally, reliance on human
staff for these operations often leads to
operational inefficiencies, increasing the
likelihood of errors and delays. There is a need for
a comprehensive, automated system that can
address these issues, streamline parking
management, enhance security, and improve user
experience in a way that minimizes manual
intervention  and  optimizes  operational
effectiveness.

Challenges Addressed by This System

1. Extended Wait Times at Entry and Exit -
Streamlines the process by removing delays
associated with manual ticketing and payments.

2. Difficulty Locating Available Parking - Offers
designated vacant slots right at the entrance for
convenience.

3. Traffic Bottlenecks in Parking Areas - Guides
vehicles effectively, minimizing unnecessary
movement within the lot.

4. Complications with Manual Payments -
Facilitates QR-based online transactions,
eliminating cash handling and reducing wait
times.

5. Unauthorized Vehicle Access - ANPR
technology ensures that only registered vehicles
can enter and exit the premises.

6. Security and Theft Concerns - License plate
tracking provides an additional layer of security.

7. Improper Use of Parking Spaces - Real-time
surveillance prevents unauthorized occupation of
parking spots.

8. Inefficiencies in Operations - Decreases
dependence on human personnel, leading to
smoother and more accurate parking
management. This system revolutionizes large
parking facilities into intelligent, efficient, and
secure environments, improving user satisfaction
and operational performance.

Result Analysis

1. Problem ldentification:

¢ Current Issues:

» Difficulty in locating available parking spots,
especially in busy locations like malls and airports.

* The need for human intervention (security
personnel) to direct drivers to available spots.

* Challenges for drivers in remembering the exact
location of their parked vehicles.

» Higher chances of confusion or delays in large
parking areas.

2. Solution Overview:

» Al-based License Plate Recognition: Cameras at
the entrance scan the license plate, automatically
identifying the vehicle and assigning a parking slot.

* Ticket Issuance: Upon scanning, a ticket is
generated with the parking spot's address and a QR
code. This helps the driver navigate the parking lot
efficiently.
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* QR Code Functionality: The QR code can be used
for additional features such as retrieving the location
of the vehicle and managing the parking session.

3. Potential Benefits:

* Increased Efficiency: The system eliminates the
need for security personnel, reducing waiting times
and human errors in directing vehicles.

* Enhanced User Experience: Drivers can easily find
their parking spot, and the QR code allows them to
retrieve the location of their vehicle when needed.

* Optimized Space Usage: Al can also monitor the
parking lot in real-time, identifying vacant spots and
managing  parking  allocations to  avoid
overcrowding.

* Improved Security: With automated license plate
scanning, the system enhances security by keeping
track of all wvehicles entering and exiting the
premises.

4. Challenges:

e Initial Setup Cost: Implementing Al-based
cameras, infrastructure, and integration with the
existing system requires significant investment.

* System Reliability: The accuracy of license plate
recognition must be consistently high, especially in
environments with high vehicle turnover and varying
lighting conditions.

* Data Privacy Concerns: The collection and storage
of license plate data might raise privacy concerns.
Ensuring secure and compliant data handling will be
crucial.

* Technical Complexity: Developing a robust and
scalable system that can handle large volumes of
vehicles (e.g., at international airports) without
downtime.

5. Market Impact:

* Increased Adoption in High-Traffic Locations:
Airports, shopping malls, and large venues can adopt
this system to improve parking operations, saving
time and reducing congestion.

» Customer Satisfaction: By making parking more
accessible and reducing frustration, customer
satisfaction will likely increase, potentially leading to
more repeat Visits.

* Cost Savings: Over time, businesses may save on
security personnel costs and improve parking space
management.

6. Future Prospects:

* Expansion of Al Functionality: The system could
evolve to include dynamic pricing based on demand,
integration with navigation apps, or predictive
analytics to anticipate parking availability.

* Integration with Payment Systems: Adding
payment solutions like online payment or in-app
payment could streamline the entire parking
experience.

* Integration with Other IoT Devices: Smart parking
could be integrated with other smart city
technologies for better traffic management and urban
planning.

Conclusion:

The Smart Parking System presents a promising
solution to improve the parking experience,
especially in crowded, high-traffic areas. While
challenges related to cost, privacy, and system
reliability remain, the benefits in terms of
convenience, security, and operational efficiency
are significant. With careful planning and
execution, this project has the potential to make
parking more accessible, efficient, and user-
friendly, enhancing overall customer satisfaction
while reducing operational costs.
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