International Journal of Engineering Research & Technology (IJERT)

Published by :
http://lwww.ijert.org

| SSN: 2278-0181
Vol. 13 Issue 11, November 2024

Smart Park Assist

Jeevan V, Nagabhushana H K, Lakshmi P B, Dr. Harish Bhat N

Department Of Electronics and Communication Engineering
Alva’s Institute of Engineering and Technology, Karnataka.

ABSTRACT

The rapid urbanization and rising vehicle ownership in cities have
intensified the demand for efficient and user-friendly parking
solutions. Conventional parking systems often lack real-time
monitoring, secure access control, and automated billing, resulting
in congestion, wasted time, and underutilized space. This paper
presents "Smart Park Assist," an Android application designed to
address these challenges with a comprehensive suite of features.
Through the application, users can pre-reserve parking slots,
verify their reservation via a one-time password (OTP) upon
arrival, and pay based on the actual time their vehicle occupies the
space. Using ultrasonic sensors and LED indicators managed by
ESP32 microcontrollers, the system provides real-time monitoring
of parking occupancy to optimize space utilization, enhance
security, and simplify the parking experience. This paper explores
the design, technical implementation, and practical applications of
Smart Park Assist in commercial, residential, and public parking
facilities, demonstrating its potential to meet modern urban
parking needs.
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INTRODCUTION

The rapid pace of urbanization in recent decades has
transformed cities into bustling hubs of activity, leading to a
dramatic increase in the number of vehicles on the road.
According to the World Bank, urban areas are projected to
account for nearly 70% of the global population by 2050,
resulting in an estimated growth rate of approximately 2% per
year in vehicle numbers. This surge in vehicle ownership poses
significant challenges for urban infrastructure, particularly in
the realm of parking management. The critical shortage of
parking spaces has exacerbated traffic congestion, extended
travel times, and increased emissions, as frustrated drivers
circle city blocks in search of available spots.

Research indicates that the quest for parking can contribute
significantly to urban congestion, accounting for as much as
30% of the traffic in densely populated areas. A study by the
Texas A&M Transportation Institute highlights that drivers
searching for parking not only waste valuable time but also
contribute to an increase in fuel consumption and air pollution.
The environmental implications are particularly concerning, as
vehicles idling in traffic contribute to higher levels of
greenhouse gas emissions, which are detrimental to both public
health and the environment. Addressing parking inefficiencies
has thus emerged as a crucial component of sustainable urban
planning and mobility.
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Traditionally, parking management systems have relied on
outdated methods that do not provide real-time information
about space availability. Conventional parking meters and pay-
and-display systems often lack the technological sophistication
needed to meet the demands of modern urban environments. In
many cities, parking enforcement relies on manual inspections,
leading to inefficiencies and increased operating costs. While
mobile applications have been developed to assist users in
finding parking, many still fall short in delivering reliable and
timely updates. Users frequently encounter difficulties with
these systems, such as navigating through multiple
applications, dealing with inaccurate availability information,
and experiencing cumbersome payment processes. The result is
a fragmented user experience that can deter individuals from
utilizing these solutions effectively.

In contrast, smart parking solutions leverage advanced
technologies to streamline the parking process, enhancing
efficiency for both users and parking management authorities.
By incorporating features such as real-time availability
tracking, pre-reservation capabilities, and automated payment
systems, these solutions aim to provide a more user-friendly
experience. For example, systems utilizing sensors and IoT
technology can automatically detect the presence of vehicles in
parking spots, updating availability in real-time and allowing
users to reserve spots in advance. Moreover, smart parking
systems can reduce congestion, minimize environmental
impact, and optimize the use of available parking spaces. The
implementation of such systems can lead to smoother traffic
flows, decreased emissions, and improved quality of life for
urban residents.

The "Smart Park Assist" system represents a pioneering
approach to parking management, utilizing ESP32
microcontrollers and ultrasonic sensors to create a sophisticated
yet user-friendly interface. The integration of these
technologies facilitates seamless parking operations by
providing users with the ability to pre-reserve parking slots,
receive one-time password (OTP) based access, and manage
pay-per-use parking charges. The ESP32 microcontroller,
known for its low power consumption and robust connectivity
capabilities, is ideal for applications that require real-time data
processing and communication. Coupled with ultrasonic
sensors, which accurately measure distances to detect vehicle
presence, this system offers an innovative solution to traditional
parking challenges.

Furthermore, by integrating Internet of Things (IoT)
technologies, the "Smart Park Assist" system enhances user
convenience and provides valuable data for parking
management authorities. This data can be utilized for analytics
and decision-making processes, enabling better resource
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allocation and improved urban planning strategies. For
instance, parking trends can be analysed to identify peak usage
times and optimize pricing strategies, ultimately leading to
increased revenue for municipalities.

The primary objective of the research is to develop a
comprehensive smart parking management system that
alleviates parking difficulties while contributing to sustainable
urban mobility. The effectiveness of the proposed solution in
addressing the challenges associated with traditional parking
systems will be assessed. Through the analysis of user
interactions, system performance, and environmental impacts,
insights will be gained into how technology can revolutionize
parking management practices.

Subsequent sections will delve into the design, implementation,
and evaluation of the "Smart Park Assist" system. Detailed
descriptions of the components and functionality of the system,
methodologies employed in its development, and results from
its real-world application will be provided. This research aims
to illustrate the potential benefits of integrating advanced
technologies into the parking management landscape, paving
the way for smarter, more efficient urban environments. By
addressing the pressing issues of parking inefficiency, the
"Smart Park Assist" system aspires to contribute to the
development of sustainable cities that prioritize the needs of
both residents and the environment.

LITURATURE SERVEY
Rapid urbanization and increased vehicle ownership have
amplified the demand for efficient parking solutions, as
traditional systems struggle with real-time data and user-centric
features. Conventional parking systems primarily rely on
manual inspections and basic payment setups, which do not
provide real-time occupancy updates. Inefficiencies in these
systems contribute to approximately 30% of urban traffic
congestion, with drivers idling while searching for parking
spaces, leading to increased emissions and fuel consumption
[1]. As a result, improving parking management has become
crucial for reducing congestion, lowering pollution, and
enhancing urban mobility.
Advancements in Internet of Things (IoT) technology have
driven significant improvements in parking systems, making it
possible to track and communicate real-time parking
occupancy data. IoT-enabled parking solutions typically utilize
sensors, cloud computing, and mobile applications, allowing
drivers to secure parking spaces remotely and reduce search
times. Ultrasonic sensors are commonly used to detect vehicle
presence by measuring distance, providing accurate
information on occupancy that is transmitted to mobile
applications for user access [2]. Studies indicate that these
systems help reduce both congestion and emissions by
minimizing the time spent searching for parking [3][4].
More advanced systems combine camera-based solutions with
machine learning algorithms to detect vehicles and differentiate
between occupied and available spaces. Research demonstrates
that such setups increase detection accuracy and allow parking
systems to adapt to different urban environments, making them
well-suited to diverse infrastructure needs in densely populated
areas [5]. Other systems use RFID tags and infrared sensors to
detect occupancy, which can be more precise but also come at
a higher cost compared to ultrasonic sensors [6].
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User-centric features like pre-reservation, OTP-based access
control, and app-based payment have become integral to
modern smart parking systems, enhancing convenience and
efficiency. Such features maximize space utilization while also
allowing for a more seamless user experience. Research shows
that parking systems offering pre-reservation and mobile
payment options result in greater user satisfaction by allowing
users to have control and predictability over their parking
experience [7].
ESP32 microcontrollers have emerged as a reliable component
in loT-based parking systems due to their efficient data
processing capabilities and low power consumption. Known
for their robust connectivity features, ESP32 microcontrollers
support Wi-Fi and Bluetooth Low Energy (BLE), making them
suitable for real-time applications in environments with
multiple data points. Studies highlight ESP32’s ability to
handle data inputs from sensors and transmit this data to cloud
platforms, where it can be accessed by users via mobile
applications [8]. Additionally, ESP32’s low power
requirements extend the system’s operational life, reducing the
need for frequent maintenance—a significant advantage in
large-scale urban deployments [9].
Research further indicates that smart parking systems reduce
environmental impact by optimizing parking space availability
and decreasing idle times, which in turn lowers greenhouse gas
emissions and enhances urban air quality [10]. From an
economic perspective, dynamic pricing and billing features
allow these systems to adjust rates based on demand, increasing
potential revenue for municipalities. Analysing data from
parking patterns also enables cities to allocate resources more
efficiently, revealing high-demand areas and peak usage times
[11].
ESP32 microcontrollers play an essential role in these dynamic
environments by providing real-time data processing that
supports occupancy detection, payment integration, and user
verification. Applications in high-turnover urban parking areas
benefit from ESP32’s capacity for fast data transfer, reducing
booking conflicts and maximizing space use [12]. The
microcontroller’s connectivity features ensure the system
remains functional and responsive, even in complex urban
settings where multiple components are involved [13].
Machine learning algorithms are also increasingly integrated
into smart parking systems, allowing for predictive analysis
that helps optimize parking space allocation. Through historical
occupancy data and traffic analysis, machine learning can
forecast peak usage times and suggest alternative spaces when
nearby slots are full. Studies have shown that this predictive
approach reduces user wait times and improves revenue by
adjusting availability and pricing based on demand [14]. IoT-
enabled systems equipped with predictive analytics further
support urban planning by revealing parking demand patterns
over time, informing infrastructure investments that align with
city needs [15].

METHODOLOGY
The Smart Parking Management System integrates advanced
hardware and software components to streamline parking
management through a user-friendly and secure approach. The
methodology involves the use of microcontrollers, sensors,
LED indicators, and a mobile application to enhance efficiency
in the parking process. The following sections detail the
system's components, operation, and workflow.
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System Design and Components

At the core of the system is an Arduino microcontroller that
manages various sensors and LED indicators positioned
throughout the parking facility. Fig 1 illustrates the ESP
32 microcontroller and Ultrasonic sensor configuration used
to monitor parking space occupancy and guide drivers.

Fig 1: ESP 32 Microcontroller with Ultrasonic Sensors

Ultrasonic sensors are strategically placed at each parking spot
to detect the presence of vehicles in real-time. When a vehicle
occupies or vacates a spot, the sensors relay the status to the
Arduino, which then updates the parking spot availability
accordingly. This data is displayed via LED indicators: green
LEDs signal vacant spaces, while red LEDs mark occupied
spots. This visual guidance system minimizes the time drivers
spend searching for available parking, thereby improving space
utilization.

User Interface and Mobile Application

The system is enhanced by an Android mobile application that
allows users to interact with the parking management system
from their mobile devices. Through the app, users can register,
log in, and access parking services. The real-time map displays
available parking slots, enabling users to select and reserve a
spot in advance. Once a reservation is made, the system
generates a One-Time Password (OTP) for secure access to the
reserved spot.

User Show available Reserve
Registration parking slots [ | selected | OTPgeneration
parking slot
Duration Grant access Check for user User arrives at
Tracking *+— for parking slot | * authentication parking facility
Payment Payment Vehicle is free
Calculation Processing to move from
parking slot

Fig 2: System Workflow for User Interaction

The mobile application’s interface offers a streamlined process
for booking and accessing parking slots. Fig 2 presents a
flowchart of the steps involved in user interaction, including
registration, slot reservation, OTP generation, and billing. This
structure ensures that only authorized users occupy reserved
spaces, enhancing security and reducing the chances of double
bookings.
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System Workflow

The system operates through a series of steps designed for ease
of use and efficiency. The workflow includes:

User Registration and Login: New users create an account via
the mobile app, while existing users can log in with their
credentials. This step establishes a secure user profile for
personalized access.

Parking Slot Reservation: Users view available parking spots
in real-time and reserve a slot for a specific time period. The
app updates the reserved spot’s status to prevent overbooking.
OTP Generation and Verification: Upon confirming a
reservation, the system generates a unique OTP sent to the
user’s registered mobile number. This OTP acts as an access
code for the reserved slot.

Parking Access and Verification: The user arrives at the facility
and inputs the OTP, which the system verifies. Access to the
reserved slot is granted only to users with a valid OTP,
preventing unauthorized access.

Dynamic Pay-Per-Use Billing: The system tracks the duration
of occupancy for each session, calculating charges accordingly.
After parking, the user completes payment via the app, which
supports various payment methods, including credit cards,
digital wallets, and UPI.

The comprehensive design of these steps, as illustrated in Fig
2, enables an intuitive and secure parking experience.

Cloud Integration and Data Management

Real-time parking availability and user data are managed
through a cloud-based platform. The Arduino microcontroller
continuously transmits parking occupancy data to the cloud,
where it is synchronized with the mobile application. This
integration ensures that users receive accurate information
about vacant parking spots, which reduces frustration
associated with locating parking in busy facilities.

The cloud-based data management system provides scalable
storage, enabling future enhancements and more sophisticated
analytics. Through data analysis, trends in parking space usage
can be identified, helping facilities optimize their resources and
implement dynamic pricing strategies based on demand.

Scalability and Future Enhancements

The Smart Parking Management System is designed to
accommodate future upgrades, making it adaptable to
technological advancements. Potential enhancements include
automated gate controls for seamless entry and exit, and deeper
integration with IoT technologies for real-time monitoring and
analytics.

The modular nature of the system allows for expansion in
facilities of various sizes. As more components or users are
added, the cloud infrastructure and mobile application can
easily scale to support the increased demand. Such flexibility
ensures the system’s long-term viability and relevance to
modern urban mobility needs.

CONCLUSION
The Smart Parking Management System offers a robust
solution to the increasing challenges of urban parking by
leveraging technology to enhance convenience, security, and
operational efficiency. Through the integration of real-time
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occupancy monitoring, pre-reservation capabilities, OTP-based
entry, and dynamic pay-per-use billing within a mobile
application, the system effectively reduces parking search times
and optimizes space utilization. By synchronizing data through
a cloud-based platform, it ensures seamless, up-to-date
information for users and enables scalable expansion for
parking facilities. As urban areas advance toward smart city
initiatives, systems like this one will be essential in redefining
urban mobility and improving the overall parking experience.
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