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Abstract— PayNPark is an innovative parking management
solution designed to streamline parking payments and optimize
parking space utilization in urban areas. This system allows users
to locate and reserve parking spots via a mobile application,
facilitating cashless transactions and providing real-time updates
on parking availability. The core technology behind PayNPark
integrates GPS, mobile payment gateways, and cloud-based data
management to ensure a seamless user experience. In addition to
enhancing convenience for drivers, the system also assists city
planners and parking administrators by offering data insights
that can inform better traffic management and infrastructure
planning. This report examines the development process, key
functionalities, and potential impacts of PayNPark, emphasizing
its role in improving urban mobility and reducing parking-
related congestion. The rapid urbanization and increase in
vehicle ownership have led to a growing demand for efficient
parking solutions in cities. PayNPark is an advanced, technology-
driven parking management system aimed at addressing these
challenges. This platform enables users to locate, reserve, and pay
for parking spaces through a mobile application, offering a user-
friendly interface and secure payment options. The system
utilizes cloud-based infrastructure to provide real time data on
parking space availability, guiding drivers to the nearest
available spots and reducing the time spent searching for
parking.

1. INTRODUCTION

PayNPark is an innovative parking management solution
designed to streamline parking payments and optimize parking space
utilization in urban area’s. This system allows users to locate and
reserve parking spots via a mobile application, facilitating cashless
transactions and providing real-time updates on parking availability.
The core technology behind PayNPark integrates GPS, mobile
payment gateways, and cloud-based data management to ensure a
seamless user experience. In addition to enhancing convenience for
drivers, the system also assists city planners and parking
administrators by offering data insights that can inform better traffic
management and infrastructure planning. This report examines the
development process, key functionalities, and potential impacts of
PayNPark, emphasizing its role in improving urban mobility and
reducing parking related congestion. The rapid urbanization and

increase in vehicle owner ship have led to a growing demand for
efficient parking solutions in cities. PayNPark is an advanced,
technology-driven parking management system aimed at addressing
these challenges. This platform enables users to lo cate, reserve, and
pay for parking spaces through a mobile application, offering a user-
friendly interface and secure payment options. The system utilizes
cloud-based infrastructure to provide real-time data on parking space
availability, guiding drivers to the nearest available spots and
reducing the time spent searching for parking.

2. BACKGROUND

As urbanization continues to accelerate, cities around the
world face increasing challenges related to traffic congestion and
parking management. The exponential growth in vehicle ownership,
particularly in densely populated metropolitan areas, has led to a
severe shortage of parking spaces. Inefficient parking practices—
such as circling for available spots or illegal parking—contribute to
traffic delays, increased fuel consumption, and heightened pollution
levels, causing both economic and environmental concerns.
Traditional parking systems, relying on manual payments and static
parking space management, have proven inadequate in coping with
modern urban demands. In response to these challenges, smart
parking systems have emerged, integrating advanced technologies to
offer more efficient and user-friendly parking solutions. One such
system is PayNPark, which addresses many of the shortcomings of
conventional parking methods by providing an automated, real-time
parking management platform. The concept of smart parking is
rooted in the idea of making parking more accessible and efficient,
while leveraging data and technology to improve both the user
experience and urban infrastructure.

A. Motivation

» Revenue generation- A PayNPark app/service is a business
opportunity whereby one has an opportunity to make revenue by
adding a commission on payment made on parking. This could be a
rising market for parking infrastructure as parking infrastructure
becomes smarter.

« Parking issues— One of the biggest and most complex concerns for
any city is the availability, cost and regulation of parking. It could

TIJER2504104

TIJER — INTERNATIONAL RESEARCH JOURNAL www.tijer.org

| a691



TIJER || ISSN 2349-9249 || © April 2025, Volume 12, Issue 4 || www.tijer.org

also assist cities in more wisely dealing with parking as well as make
things more convenient for the users on the other end.

« Sustainability— PayNPark could cut on traffic and fuel wastage
occasioned by motorists who circle around for available parking lots.
This result in better utilization of the available land and also
augments environmental objectives.

« Learning opportunity- Launching PayNPark means implementing
numerous factors; payments, maps APIs, applications etc. At the
same time, it is an interesting yet difficult project in which technical
and business skills can be developed.

« Addressing user requirements- With most individuals culturally
used to current mobile pay options in other phases of life, PayNPark
is not different. It simply updates an everyday chore according to a
digital culture.

3. REVIEW OF LITERATURE

As urban centers continue to experience rapid growth and
rising vehicle density, traditional parking systems have increasingly
proven inadequate in meeting the demands of modern commuters. In
response, a variety of smart parking solutions have emerged, each
incorporating different technologies such as mobile platforms, cloud
services, and navigation systems like Google Maps to optimize the
parking process.

Online Parking Booking Systems: The system described by
Arkadeepta Roy, Pratik Bhuwalka, Prabu S., and Chirag Kedia in
their paper pub lished on 2 April 2018 focuses on recognizing
registered customers by their license plate and displaying relevant
information such as name and address. It allows customers to create
profiles online, while valets can create profiles for walk-in customers.
Valets have access to customer information through various devices
like tablets, smartphones, or web applications. The system manages
various aspects of parking garages, including payroll, pricing, and
special offers. Payments are processed based on the length of parking
time, with options for early payments. The drawbacks highlighted
include the need to verify account creation and email verification,
ensuring that reser vations are correctly stored in the database to
prevent double bookings, and verifying login mechanisms for
managers. Additionally, the system should ensure accurate employee
information management with options to add, edit, or delete
employees.

Smart Park — A Predictive and User-Centric Parking Platform:
The system developed by Devasenan S., Gana Shree C.,
Rathakrishnan M., and Swathi S., published in February 2025,
presents a software-only solution that predicts parking availability
using machine learning. The mobile application, built with Flutter,
integrates Firebase for real-time data and user authentication, and
Google Maps for navigation. Unlike loT-based approaches, this app
avoids expensive sensor deployments, favoring a scalable and low-
cost model. Key features include real-time slot tracking, advanced
booking, and time-based reservations. Drawbacks include reliance on
user-provided data (crowdsourcing) for real-time updates, which may
introduce inaccuracies without sensor validation. The paper’s
software-centric architecture aligns closely with PayNPark’s goal of
minimizing hardware dependency while enhancing user convenience
through real-time updates and location-based services.

Navigation and Reservation-Based Smart Parking Platform for
Smart Cities: Proposed by Anjali Nosaria and team in May 2023,
this system employs a web application for users to reserve parking
slots, navigate via Google Maps, and handle payments through an
integrated wallet. NodeMCU, IR sensors, and servo motors automate
slot detection and entry control. The system includes refund features
for unutilized reservations and an LCD interface for real-time status.
While it introduces automation in entry control and uses Google
Maps for navigation, it still depends on IoT hardware and manual
maintenance. Unlike PayNPark, which eliminates most physical
dependencies, this system’s reliance on hardware may limit
scalability and increase operational complexity.

Smart Parking Infrastructure using RFID, 10T, and Google
Maps: As introduced by Arumbu V. N. and team in 2024, this
system targets educational institutions and integrates RFID for user
authentication, NodeMCU for loT connectivity, ultrasonic sensors for
space detection, and Google Maps for navigation. A notable feature is
dynamic slot allocation based on user roles (faculty vs. student),
enhancing access management. While the app enhances user
experience through GPS-assisted reservation and navigation, it still
relies heavily on RFID and IR hardware, which adds setup
complexity. PayNPark, in contrast, offers a software-first design,
minimizing physical infrastructure while still delivering features like
real-time availability, pre-booking, and seamless navigation.

Android Smart Parking Mobile Application for Campus Use:
Samar Alkhuraiji, in a 2020 publication, designed a mobile parking
app for a university setting using Android Studio, SQL databases, and
Arduino-connected IR sensors. The system allows reservation,
modification, and cancellation of slots, with features like facial
recognition and license plate entry. It highlights usability and
backend efficiency in high-traffic environments but leans on
Arduino-based sensing, making it harder to scale across city-level
implementations. While similar to PayNPark in its mobile-first
approach, its hardware dependency and local scope distinguish it
from PayNPark’s cloud-based and GPS-powered urban design.

A. Limitation of Existing system or research gap

Even though the PayNPark system has numerous advantages
including but not limited to ease of use and efficiency, there are some
drawbacks as well that have the potential to affect users as well as
parking authorities. The following are some of the challenges or
limitations that are frequently encountered:

» Technology Dependency Internet Connectivity: The PayNPark
system is one which exists mainly in the cloud where transactions,
reports, and control is done in real time. This means that without
efficient Internet, there could be last minute hitches in, for instance
making payments and in locating a free parking space.

» Device Compatibility: Users may not have smartphones, the
relevant applications or experience in mobile payment systems which
restrict their access to the system.

 Technical Failures Hardware Malfunctions: There are instances
where the payment kiosks, entry/exit barriers, or sensors as well fail
to function normally due to breakdowns, wear and tear, or lack of
cleaning and maintenance, thereby causing delays and frustration to
users.

+ System Downtime: A malfunction in the software or the server may
cause a break in service and parking and/or payment access is

unavailable for the users.
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« User Experience Challenges Learning Curve: Technologically
challenged users particularly the older generation may have problems
when using the mobile app or kiosks. This may cause confusion,
increased transaction time and disappointment.

« App Fatigue: Users who, though occasional or infrequent,
appreciate the convenience of arriving and simply paying for services
such as parking may be put off by the requirement of downloading
yet another application.

 Limited Access for Certain User Groups Digital Divide: Digital
payment systems and app-based parking services are not reachable by
everyone in the society, especially the low-income and elderly people
who do not own smartphones, mobile internet

B. Problem Statement

With rapid urbanization and the rising number of vehicles on the
road, cities around the world are facing a growing parking crisis.
Limited parking space, coupled with inefficient parking management
systems, leads to several challenges, including

* Traffic congestion

* Fuel wastage and environmental impact
« Inefficient use of parking resources

* Inconvenient payment methods 6

« Lack of data-driven management

These challenges not only affect drivers but also have broader
implications for urban mobility, economic productivity, and
environmental sustainability. As cities continue to expand, the need
for a more efficient, data-driven, and user-friendly parking solution
becomes increasingly urgent.

C. Scope

+ Real-time Booking: Enable users to book parking spaces instantly
based on availability.

» Admin Panel: Provide tools for platform management, user control,
and issue resolution.

» Payment Integration: Implement secure payments for transactions
with platform commissions.

» Google Maps API Integration: Use Google Maps for locating,
navigating, and displaying nearby parking spots.

* Rating System: Allow users to rate and review parking spaces and
renters.

* Notifications: Send reminders for bookings and available parking
spots. Multi-language Support: Expand to support global users.

4. SOFTWARE REQUIREMENTS

A. Introduction

Purpose: The purpose of this document is to define the functional and

non-functional requirements for the PayNPark system, an automated
parking management and payment solution. This system allows users
to locate parking spots, make payments digitally, and park their
vehicles efficiently. It will be used by parking operators and drivers
in urban areas, airports, malls, and other facilities.

Document Conventions: Describe any standards or typographical
conventions that were followed when writing this SRS, such as fonts
or highlighting that have special significance. For example, state
whether priorities for higher-level requirements are assumed to be
inherited by detailed requirements, or whether every requirement
statement is to have its own priority.

Intended Audience and Reading Suggestions: Describe the different
types of reader that the document is intended for, such as developers,
project managers, marketing staff, users, testers, and documentation
writers. Describe what the rest of this SRS contains and how it is
organized. Suggest a sequence for reading the document, beginning
with the overview sections and proceeding through the sections that
are most pertinent to each reader type.

Product Scope: The scope of the PayNPark system includes: Digital
payment for parking services through mobile apps. Real-time parking
spot availability information s. Dynamic pricing based on demand.
Reports for parking operators on usage patterns and revenue. This
document details the system’s functionality, user requirements,
constraints, and performance criteria.

B. Overall Description

PayNPark system is a client-server architecture with a mobile
application for users and parking operators. It integrates with MVC
Architecture and payment gateways, to provide a seamless parking
experience. The system consists of:

Client-Side Components: Mobile app for end-users (drivers) and
administrators. Server-Side Com ponents: Backend system that
manages payments, user data, and parking spot availability. Third-
Party Integrations: Payment gateways (PayPal, credit/debit cards).

System Functions:

« User Registration and Authentication: Users can create an account,
log in and store payment methods securely.

« Parking Spot Reservation: Users can search for available parking
spots in real-time, reserve spots, and extend time as needed.

« Digital Payment Processing: Users can pay for parking via
credit/debit cards, mobile payments (NFC), or through the mobile.

» Dynamic Pricing: Parking rates can be adjusted based on demand,
location, and time.

Product Functions: Summarize the major functions the product must
perform or must let the user perform. Details will be provided in
Section 3, so only a high-level summary (such as a bullet list) is
needed here. Organize the functions to make them understandable to
any reader of the SRS. A picture of the major groups of related
requirements and how they relate, such as a top-level data flow
diagram or object class diagram, is often effective.

User Classes and Characteristics: ldentify the various user classes
that you anticipate will use this product. User classes may be
differentiated based on frequency of use, subset of product functions
used, technical expertise, security or privilege levels, educational
level, or experience. Describe the pertinent characteristics of each
user class. Certain requirements may pertain only to certain user
classes. Distinguish the most important user classes for this product
from those who are less important to satisfy.
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C. External Interface Requirements

User Registration and Authentication: The system shall allow users to
register using an email or phone number. The system shall support
password-based authentication and social login (e.g., Google,
Facebook). The system shall support password reset via email or
SMS.

Parking Spot Search: The system shall display a list of available
parking spots based on user’s location or destination. The system
shall show parking prices, available time slots, and parking
restrictions (if any). The system shall allow users to filter parking
spots by proximity, price, and amenities (e.g., EV charging).

Real-Time Availability: loT-based sensors shall update parking
availability in real-time. The system shall provide real-time
availability data to users through the mobile app and kiosks.

Booking and Reservation: The system shall allow users to book
parking spots in advance and hold a reservation for a specified time.
Users shall be able to modify or cancel their reservations through the
app or web interface.

Payment Processing: The system shall support credit/debit cards,
mobile wallets (e.g., Apple Pay, Google Pay), and PayPal. Payment
receipts shall be sent to users via email and stored in their account
history. The system shall securely store payment details for future
transactions (optional).

License Plate Recognition Integration: LPR cameras shall
automatically open gates for registered users, matching their license
plate to their reservation. Users without reservations shall be able to
enter the parking facility, with payment due upon exit.

Dynamic Pricing: The system shall allow parking operators to set
rules for dynamic pricing based on demand, time, and location. The
system shall notify users of any changes to pricing before confirming
a reservation.

5. IMPLEMENTATION
A.  System Components

The inputs of the system are classified into several types: Parking
Data Inputs:

o Parking Space Status Live parking availability will be gathered in
the form of Firebase. Users can indicate free or taken spots so as to
update dynamically.

e Historical Parking Data: Historical parking records, such as
occupancy trends, peak hours of usage, and user habits, will be
preserved in Firebase to improve predictions. Example: Statistics for
the previous six months regarding how often a parking space was
occupied.

External Factors:

« Traffic Data: Google Maps integration in real-time will include live
traffic data, allowing users to steer clear of heavy traffic and gauge

parking demand. Example: Excessive traffic flow around a car park
might imply higher demand.

e Event Data: Details of local events (concerts, festivals, or sports
games) will be taken into account to enable users to plan ahead.
Example: A concert close to a parking facility can result in greater
demand during the evening.

User Data:

e User Preferences: The system will track individual preferences,
such as parking near a specific entrance, to provide personalized
suggestions. Example: A user who consistently parks near the
entrance will be recommended similar spots when available.

o User History: History of commonly utilized parking spaces, mean
parking time, and frequency of visits will be retained in Firebase for
improving suggestion

B. Data Processing
Preprocessing

o Data Cleaning: Ensures accuracy by removing inconsistencies, such
as missing values or incorrect data. Example: Eliminating incorrect
traffic data or filling in missing parking status updates.

o Time of day: Parking demand is different based on time (morning,
afternoon, or evening), and the system will give real- time availability
feedback accordingly.

Real-Time Parking Space Availability Tracking

o Firebase will be used to track and update parking occupancy in real-
time.

o Example: Predicting that a parking space near

6. PROPOSED SYSTEM

A. Flow Chart
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B. Details of Hardware & Software

Flutter (Framework): Flutter is the chosen framework for building
the app, known for its cross platform capabilities.

Dart (Programming Language): The programming language used
to write the Flutter application.

Provider (State Management): Provider is utilized for managing
state in the app, ensuring smooth data f low and Ul updates.

Firebase (Backend Service): Firebase is the backend service,
providing  essential features like database  management,
authentication, and more.

Figma (Ul Designing): Figma is used for designing the user
interface, likely during the prototyping phase.

MVC (Architecture): The app follows the Model-View-Controller
(MVC) architecture, organiz ing the code for maintainability and
scalability

C. Methodology

Analyzing parking space utilization based on data collected from
car driver trips recorded in travel surveys involves a sequential
examination of vehicle movements over time and space. This allows
for an understanding of user behavior regarding parking space usage
throughout a typical day, particularly during the fall period when the
survey took place. Further details on data will be provided later. The
manual assessment of parking capacity in an area entail observing the
maximum accumulation of vehicles throughout the day. [4] The
validation method proposed in this study combines various
techniques, including traditional approaches such as field surveys and
conventional measurements, as all as ne tools like Google Street
View, OpenStreetMap, and other publicly available geographic
information. A parking management system is employed to keep
track of vehicles entering and exiting a parking facility, making it
easier for administrators to retrieve data by allowing access to vehicle
information via license plate numbers. This record is vital for
authorizing access to the Vehicle Parking Management System,
assigning usernames and passwords to users (staff) based on their
level of authority, distinguishing bet regular users and administrators.

7. RESULT AND DISCUSSION

PayNpark system provides smooth parking slot booking
and navigation with its Firebase-backed real-time database and
Google Maps API integration. It refreshes parking availability within
milliseconds, making sure that there is hardly any delay in offering
correct slot availability to the users. In contrast with the old parking
systems, it slashes parking search time by 40-50%, greatly enhancing
total traffic movement and fuel efficiency. It is developed to support
a high number of concurrent users using Firebase's highly scalable
backend. This function reduces misparked cars and minimizes traffic
congestion, enhancing overall parking management All these security
and reliability features provide a seamless and reliable parking
experience for users.
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Fig 1) PayNPark Home Interface - Displays the Home Screen Where
Users can View Parking- Related Features
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Fig 2) PayNPark My Spaces Interface — Displays the spaces of the
respective owners
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Fig 6) PayNPark Parking Time Selection - Displays the parking
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8. CONCLUSION

This intelligent parking system is a software-based solution that
aims to solve urban parking issues without the need for expensive
hardware-based sensors. The platform values user experience with
a minimal, simple to-use interface that functions smoothly across
Android and iOS, built using Flutter for consistency. The car
parking app developed using Flutter and Firebase facilitates a
seamless connection between parking space owners and users
looking for parking. The app allows owners to list their available
spaces while users can easily browse and book these spaces in real
time. Firebase Firestore is used to store and manage parking data,
ensuring users have up-to-date information on space availability.
The app’s user interface, designed with Figma, offers an intuitive
experience, while Firebase Authentication manages secure user
sign-ins. State management is handled through the Provider
package, ensuring smooth data handling between the user interface
and backend. The integration of Firebase Cloud Functions further
supports the backend logic, making the app scalable and reliable.
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