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Abstract— The rapid growth of digital transportation
services and the increasing demand for convenient travel
booking platforms have highlighted the need for scalable
and user-friendly bus ticketing solutions. Traditional bus
ticket booking methods rely heavily on physical counters
or intermediary travel agents, resulting in inconvenience
and inefficiency for modern users. This paper presents the
design and implementation of an Online Bus Ticket
Booking System, a full-stack web application that enables
users to search for available buses, select seats
interactively, and complete bookings digitally from any
internet-enabled device. The system is developed using
HTMLS, CSS3, and JavaScript for the frontend, Django
4.2 with Python 3.10 for the backend, and SQLite as the
development database, with communication between
layers handled through Django REST Framework APIs
using JSON data format. Key features include user
registration and secure authentication, bus search with
filtering by route and date, an interactive graphical seat
selection interface, real-time booking confirmation,
digital ticket generation, a booking history dashboard, and
a comprehensive administrative management module.
The system demonstrates the practical application of full-
stack web development principles, client-server
architecture, API-driven communication, and responsive
UI design in solving a real-world transportation problem.
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I. INTRODUCTION

The global transportation industry has experienced a
significant digital transformation driven by widespread
internet adoption, mobile device penetration, and growing
consumer expectations for online service delivery. In India,
bus transportation remains one of the most widely used
modes of intercity travel, yet the majority of bus ticket
bookings continue to rely on traditional methods involving
physical visits to booking counters or the use of
intermediary travel agents [1].

These conventional approaches are time-consuming,
geographically restrictive, and fail to provide users with the
flexibility, transparency, and convenience that modern
digital services offer. The absence of real-time seat
availability information, limited booking hours, and the

Mr. Devashish Sethy
Student, Dept. of CSE,
GIFT Autonomous
GIFT Autonomous, Bhubaneswar

www.ijesat.com

Dr. Neelam Rout
Assistant Professor, Dept. of CSE,
GIFT Autonomous
GIFT Autonomous, Bhubaneswar

potential for human error in manual processing further
compound the inefficiencies of traditional booking methods
[2].

The emergence of high-level web development
frameworks, RESTful API architectures, and responsive Ul
design principles has created new opportunities for
developing efficient and scalable online booking platforms.
Frameworks such as Django, combined with modern
frontend technologies including HTMLS5, CSS3, and
JavaScript, provide a comprehensive and cost-effective
technology stack for building full-stack web applications
[3].

This paper presents the Online Bus Ticket Booking System
(BusBook), a full-stack web application designed to
modernize and simplify the bus ticket booking process. The
system provides users with a complete digital booking
experience encompassing bus search, real-time seat
selection, booking confirmation, digital ticket generation,
and booking history management, accessible from any
internet-enabled device without requiring specialized
software or hardware [4].

The system architecture follows a client-server model in
which a JavaScript-powered frontend communicates with a
Django REST Framework backend through well-defined
API endpoints, with data persisted in a relational SQLite
database. The administrative module allows authorized
administrators to manage buses, routes, schedules, and
bookings through a dedicated management interface [5].

The remainder of this paper is organized as follows: Section
I reviews existing approaches and their limitations. Section
IIT describes the proposed system architecture. Section IV
presents the methodology for system development. Section
V covers system design and implementation. Section VI
discusses results and findings. Section VII outlines future
enhancements. Section VIII concludes the paper.

II. EXISTING APPROACHES

The domain of online ticket booking has been the subject of
considerable research and commercial development activity
over the past two decades. Existing approaches range from
fully managed Software-as-a-Service (SaaS) platforms to
custom-developed reservation systems, each with distinct
advantages and limitations [6].

Commercial platforms such as Redbus, MakeMyTrip, and
AbhiBus provide comprehensive bus booking services but
operate as closed proprietary systems. While these

Page 323 of 331

Vol 26 Issue 06, June 2026



ISSN No0:2250-3676

International Journal of Engineering Science and Advanced Technology (IJESAT)

platforms offer robust functionality and broad bus operator
coverage, they impose commission fees on operators and
passengers, limit customization for specific operational
requirements, and do not provide operators with access to
the underlying data management infrastructure [7].

Open-source reservation systems offer greater flexibility
but require significant technical expertise for deployment
and customization. Many such systems are designed for
airline or hotel booking scenarios and do not natively
support the specific data models and workflows required for
bus operations, including route-based scheduling, seat-type
differentiation, and boarding-point management [8].

A critical limitation shared by many existing systems is the
absence of a lightweight, self-hostable solution suitable for
small-to-medium bus operators who require a dedicated
booking platform without the overhead and cost of
enterprise-grade infrastructure. Additionally, most existing
systems do not provide interactive graphical seat selection
interfaces that accurately represent the physical layout of
individual buses [9].

The following table presents a comparative analysis of
traditional booking methods and the proposed system:

Table-1: Comparison of Traditional System and Proposed

System
Feature Traditional Proposed System
Systems
Online Booking Manual / Agent Fully Digital
Seat Selection Not Available Interactive Map
Real-Time No Yes
Availability
Booking History No Yes
Payment Cash/Agent Simulated Gateway
Admin Dashboard No Yes
Ticket Generation Manual Digital / Instant
Mobile Friendly No Responsive Design

The analysis of existing approaches reveals several key
limitations: reliance on physical counters for booking,
absence of real-time seat visualization, lack of integrated
digital ticket generation, limited administrative control for
operators, and no support for booking history management
at the user level. These limitations highlight the need for a
lightweight, full-stack web-based booking system that can
be developed, deployed, and customized independently
[10].

III. PROPOSED SYSTEM ARCHITECTURE

The Online Bus Ticket Booking System is designed as a
modular, layered full-stack web application that separates
concerns between presentation, business logic, and data
management. The architecture follows an API-first client-
server model, enabling the frontend and backend to be
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developed and tested independently while communicating
through a well-defined REST API contract [11].

The architecture of the Online Bus Ticket Booking System
follows the well-established three-tier client-server model,
which organizes the application into three distinct and
independently manageable layers: the presentation tier
(frontend), the application tier (backend), and the data tier
(database). This architectural pattern is widely employed in
the development of web applications because it provides a
clear separation of concerns, promotes modularity, and
simplifies both development and maintenance.

The presentation tier is implemented using HTMLS5, CSS3,
and JavaScript, and encompasses all the visual and
interactive components that users interact with directly in
their web browsers. This layer is responsible for rendering
the user interface, validating user inputs at the client side,
and communicating with the application tier through AJAX
requests and RESTful API calls. The frontend is designed
to be stateless in the sense that it does not maintain
persistent application state independently, but instead relies
on the backend to provide and update data as needed.

The application tier is implemented using Django, a high-
level Python web framework that provides a comprehensive
set of tools for building robust web applications. This tier
handles all business logic operations, including user
authentication, search query processing, booking
transaction management, data validation, and API response
generation. Django's Model-View-Template architecture
organizes the application code into logically distinct
components, with models defining the database schema,
views handling request processing and response generation,
and URLs routing incoming requests to the appropriate
view functions.

The data tier consists of a relational database that stores all
persistent application data, including user account
information, bus and route data, seat availability records,
and booking transactions. The system uses SQLite for
development purposes, which provides a lightweight and
zero-configuration database solution suitable for local
development and testing. The database schema is designed
using Django's Object-Relational Mapping (ORM) layer,
which abstracts the underlying SQL and allows developers
to interact with the database using Python objects. This
abstraction makes the system easily portable to more
powerful database backends such as PostgreSQL or
MySQL for production deployment.

Communication between the frontend and backend is
achieved through Django REST Framework APIs that
accept HTTP requests and return JSON-formatted
responses. This API-first approach ensures a clean interface
between the presentation and application tiers and enables
the frontend to be replaced or augmented with a mobile
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application or other client in the future without requiring
changes to the backend logic.

The system architecture comprises five primary layers. The
User Access Layer encompasses all user-facing devices
including desktop browsers and mobile browsers through
which users and administrators access the application. The
Frontend Presentation Layer consists of HTMLS5, CSS3,
and JavaScript components that render the user interface,
manage client-side interactivity, and communicate with the
backend through asynchronous API calls [12].

The Backend Application Layer is implemented using
Django 4.2 and Python 3.10, handling all business logic,
request processing, authentication, session management,
and API response generation. Django REST Framework is
used to define and expose the RESTful API endpoints that
the frontend communicates with. The Data Layer consists
of an SQLite database for development, with the
architecture designed to support migration to PostgreSQL
for production deployments [13].

The system is organized into three functional modules: the
User Module handling registration, authentication, profile
management, and booking history; the Booking Module
managing bus search, seat selection, booking processing,
and digital ticket generation; and the Admin Module
providing administrative interfaces for bus management,
route configuration, schedule management, and booking
monitoring [14].

Table-11: Technology Stack of the Online Bus Ticket Booking

System
Category | Tool / Version | Purpose
Technology
Frontend | HTMLS 5.0 Page structure and semantic markup
Frontend | CSS3 3.0 Styling, layout, and responsive
design
Frontend |JavaScript |ES2020 | Client-side interactivity and API
(ES6+) calls
Backend | Python 3.10 Primary backend programming
language
Backend | Django 4.2 Web framework for backend
development
Backend | Django 3.14 API development and serialization
REST
Framework
Database | SQLite 3x Local development database
Dev VS Code Latest | Primary code editor
Tools
Dev Git & Latest | Version control and collaboration

Tools GitHub

The RESTful API layer exposes endpoints for user
registration and authentication, bus search with filtering,
seat availability retrieval, booking creation with atomic
double-booking prevention, digital ticket retrieval, booking
history, and administrative management operations. All
API responses are returned in JSON format, ensuring
compatibility with any frontend client technology [15].
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IV. METHODOLOGY

The development of the Online Bus Ticket Booking System
follows a structured, iterative methodology encompassing
requirements analysis, system design, frontend and backend
implementation, database design, API integration,
functional testing, and documentation. The methodology
prioritizes modularity, enabling each system component to
be developed and validated independently [16].

The requirements analysis phase involved a systematic
study of the limitations of traditional bus booking methods
and an analysis of the features provided by existing digital
platforms. Functional and non-functional requirements
were derived from this analysis to define the scope and
objectives of the proposed system. Key functional
requirements include user registration, bus search, seat
selection, booking processing, and admin management [17].

The system design phase produced a five-layer architecture
diagram, Level 0 and Level 1 Data Flow Diagrams, an
Entity Relationship Diagram defining the database schema,
a Use Case Diagram mapping user interactions, and an
Activity Diagram illustrating the complete booking
workflow. These design artifacts served as the blueprint for
all subsequent implementation work [18].

Book Bus Tickets Instantly

Why Choose BusBook?

Home page of the Online Bus Ticket Booking System

The implementation phase proceeded in parallel across the
frontend and backend. The frontend was implemented using
HTMLS5, CSS3, and vanilla JavaScript with CSS Flexbox
and Grid for responsive layout management. The backend
was implemented using Django's MVT architecture, with
Django REST Framework used for API endpoint
development and Django ORM for database operations
[19].
This paper presents the Online Bus Ticket Booking System
(BusBook), a full-stack web application designed to
modernize and simplify the bus ticket booking process. The
system provides users with a complete digital booking
experience encompassing bus search, real-time seat
selection, booking confirmation, digital ticket generation,
and booking history management, accessible from any
internet-enabled device without requiring specialized
software or hardware [4].

The system architecture follows a client-server model in
which a JavaScript-powered frontend communicates with a
Django REST Framework backend through well-defined
API endpoints, with data persisted in a relational SQLite
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database. The administrative module allows authorized
administrators to manage buses, routes, schedules, and
bookings through a dedicated management interface [5].

The integration phase connected the frontend and backend
through the REST API contract. Cross-Origin Resource
Sharing (CORS) headers were configured using Django's
CORS middleware to support frontend requests from
different origins during development. All frontend-to-
backend communication uses the Fetch API with JSON data
format. The testing phase involved systematic manual
functional testing of all features using predefined test cases
[20].

V. SYSTEM DESIGN AND IMPLEMENTATION

The Online Bus Ticket Booking System was implemented
as a complete full-stack web application integrating
responsive frontend components, a Django REST API
backend, and a relational SQLite database. The
implementation follows the system design specifications
produced during the design phase and demonstrates the
practical application of full-stack web development
principles [21].

The frontend implementation encompasses all user-facing
web pages, including the home page with the main bus
search interface, the search results page, the interactive seat
selection page, the passenger details form, the booking
confirmation page, and the user dashboard displaying
booking history. All pages share a consistent visual design
based on a deep blue and white color scheme with orange
accent elements [22].

The interactive seat selection interface is a distinctive
feature of the implementation. The interface renders a
graphical representation of the bus cabin layout with
individual seat elements displayed in color-coded states:
green for available, red for booked, and yellow for currently
selected. Click events on seat elements trigger JavaScript
functions that update visual states, record selections in
session data, and dynamically recalculate the displayed fare
total [23]

The integration phase connected the frontend and backend
through the REST API contract. Cross-Origin Resource
Sharing (CORS) headers were configured using Django's
CORS middleware to support frontend requests from
different origins during development. All frontend-to-
backend communication uses the Fetch API with JSON data
format..The backend implementation follows Django's
recommended application structure, organized into three
Django applications: accounts (user management), buses
(bus and route management), and bookings (booking
processing). The ORM-based data model defines five
primary entities: User, Route, Bus, Seat, and Booking, with
foreign key relationships enforcing referential integrity
[24].

A critical implementation feature is the atomic double-
booking prevention mechanism. When a booking request is
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received, the backend executes an atomic database
transaction using Django's transaction.atomic() and
select for update() methods to lock the requested seat
records and verify their availability before creating the
booking, The interactive seat selection interface is a
distinctive feature of the implementation. The interface
renders a graphical representation of the bus cabin layout
with individual seat elements displayed in color-coded
states: green for available, red for booked, and yellow for
currently selected. Click events on seat elements trigger
JavaScript functions that update visual states, record
selections in session data, and dynamically recalculate the
displayed fare total preventing concurrent bookings for the
same seat [25].

HE = E =
HEEEEE

Figure-1: System Architecture Diagram of the Online
Bus Ticket Booking System

The database implementation includes five primary tables
corresponding to the defined entities. Django's migration
system manages schema versioning and deployment across
development environments [26].

The frontend implementation of the Online Bus Ticket
Booking System encompasses the design and development
of all user-facing web pages and interactive components.
The frontend is built entirely using HTMLS, CSS3, and
vanilla JavaScript, without relying on any additional
JavaScript frameworks or libraries beyond what is strictly
necessary. This approach was deliberately chosen to
demonstrate a thorough understanding of the foundational
web technologies and to produce a codebase that is
lightweight, easy to understand, and free from unnecessary
dependencies.

The HTML structure of each page is organized according to
semantic web standards, using appropriate  HTMLS
elements such as header, nav, main, section, article, and
footer to define the logical structure of the content. This
semantic approach improves the accessibility of the
interface for users relying on assistive technologies and also
provides a cleaner foundation for CSS styling.

The CSS styling is implemented using a combination of a
global stylesheet that defines consistent base styles, colors,
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typography, and layout rules applicable across all pages,
and page-specific stylesheets that address the unique layout
requirements of individual pages such as the seat selection
interface. CSS Flexbox and Grid are used extensively for
layout management, providing a flexible and robust
approach to arranging page elements that works reliably
across different screen sizes and browsers. Media queries
are used to implement responsive breakpoints that adapt the
layout for desktop, tablet, and mobile viewports.

The JavaScript implementation handles all client-side
interactive behavior, including the dynamic seat selection
mechanism, form validation, AJAX calls to the backend
API, and DOM manipulation for updating displayed content
without full page reloads. The seat selection feature is
implemented using an event-driven model in which click
events on individual seat elements trigger JavaScript
functions that update the seat's visual state, record the
selection in the session data, and update the booking
summary panel displayed alongside the seat map.

A key aspect of the frontend implementation is the
integration with the backend through API calls. When the
user submits a search query, a JavaScript function collects
the form data and sends it to the backend search API
endpoint using the Fetch API. The response is received in
JSON format and processed by the JavaScript code to
dynamically render the list of available buses without
requiring a full page reload. Similarly, when the user
completes the booking process, the frontend collects all
required data and sends it to the booking API endpoint, then
processes the confirmation response to display the digital
ticket.

DATA FLOW DIAGRAM - LEVEL 0 {Context Diagram) | Online Bus Ticket Boaking System

Figure-2: Level 0 Data Flow Diagram (Context
Diagram)

The admin management interface is implemented using
Django's built-in administration framework, customized to
provide administrators with dedicated views for adding and
managing buses, configuring routes and schedules, and
monitoring all active bookings. The admin interface
supports role-based access control distinguishing between
regular user accounts and administrator accounts [27].
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Security is a paramount concern in any system that handles
personal data and financial transactions. The online travel
booking industry has been the target of numerous high-
profile data breaches and fraudulent schemes, making
robust security architecture an absolute requirement for any
platform that operates in this space. The principal security
threats facing online booking systems include unauthorized
access to user accounts, interception of data in transit, SQL
injection attacks, cross-site scripting, and fraudulent
booking manipulation.

Authentication and session management are the first lines
of defense in protecting user accounts and personal data.
Modern booking platforms implement multi-factor
authentication, secure session handling, automatic session
expiration, and anomaly detection mechanisms to prevent
unauthorized account access. Password hashing using
algorithms such as berypt or Argon2 ensures that even if
user credentials are stored in a compromised database, they
cannot be easily recovered by attackers.

Payment security in online booking systems is governed by
the Payment Card Industry Data Security Standard (PCI
DSS), a comprehensive set of security requirements
established by the major card networks to protect
cardholder data. Commercial booking platforms typically
achieve PCI compliance by routing payment transactions
through certified third-party payment processors such as
Razorpay, PayU, or Stripe, rather than handling card data
directly. This approach, known as tokenization, ensures that
sensitive payment information never passes through or is
stored on the booking platform's own servers.

The Online Bus Ticket Booking System developed in this
project implements foundational security measures
including Django's built-in authentication system, CSRF
protection for all form submissions, and input validation
and sanitization to prevent injection attacks. While the
current version does not include real payment processing,
the system architecture is designed to accommodate the
integration of a payment gateway in future versions, with
appropriate security measures applied to protect financial
data
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Figure-3: Entity Relationship (ER) Diagram
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The system successfully processes the complete booking
workflow from user registration through bus search, seat
selection, booking confirmation, and digital ticket
generation. All implemented features have been verified
through systematic functional testing using predefined test
cases covering both valid input scenarios and error-handling
edge cases [28].

- X
...............
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Figure-4: Home Page — BusBook Dashboard Interface

VI. RESULTS AND DISCUSSION

The implementation and functional testing of the Online
Bus Ticket Booking System demonstrate the successful
achievement of all planned core objectives. The system
provides a complete, end-to-end digital bus ticket booking
experience that effectively addresses the key limitations of
traditional booking methods identified during the
requirements analysis phase [29].

Functional testing confirmed that all twelve planned test
cases passed successfully, covering user registration, login
with valid and invalid credentials, bus search with matching
and empty results, seat selection of available and booked
seats, complete booking confirmation with digital ticket
generation, booking history retrieval, admin bus
management, and form validation for empty required fields
[30].
Table-111: Summary of Test Cases and Results

Test Test Case Status
ID

TC- User Registration — Valid Data Pass
01

TC- Registration — Duplicate Email Pass
02

TC- User Login — Valid Credentials Pass
03

TC-| User Login — Invalid Credentials Pass
04

TC- | Bus Search — Valid Route & Date Pass
05

TC- | Bus Search — No Matching Results Pass
06

TC- Seat Selection — Available Seat Pass
07

TC- Seat Selection — Booked Seat Pass
08
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TC-| Booking Confirmation & Ticket Pass
09

TC- Booking History Pass
10

TC- Admin Bus Add Pass
11

TC-| Form Validation — Empty Fields Pass
12

The interactive seat selection feature was particularly well-
received in testing, with the graphical cabin layout, color-
coded seat states, and real-time fare calculation providing
an intuitive and informative booking experience that is
significantly superior to text-based seat selection
approaches used in many existing systems [31].

The atomic double-booking prevention mechanism was
validated through concurrent booking simulation,
confirming that the select for update() transaction lock
effectively prevents two simultaneous booking requests
from both succeeding for the same seat. This is a critical
reliability feature for any production booking system [32].

The Online Bus Ticket Booking System has been developed
and thoroughly tested in a local development environment,
where all features have been verified to function correctly
according to the specified requirements. The local
development setup uses Django's built-in development
server for the backend and a simple file server for the
frontend, providing a convenient and self-contained
environment for development and testing. While the system
is fully functional in this local configuration, a
comprehensive deployment plan has been formulated to
guide the transition from the local development
environment to a publicly accessible production
deployment.

The deployment strategy is based on a separation of the
frontend and backend components, with each deployed
independently to services optimized for their respective
characteristics. The frontend, which consists of static
HTML, CSS, and JavaScript files, is well-suited for
deployment on static hosting platforms such as Netlify or
Vercel. These platforms specialize in hosting static web
content and provide a range of features including global
content delivery networks, automatic HTTPS certificate
provisioning, and continuous deployment integration with
version control systems. The frontend can be deployed to
Netlify by connecting the project's GitHub repository to the
Netlify service, which then automatically builds and
deploys the frontend whenever new code is pushed to the
main branch.

The backend Django application is planned for deployment
on a platform-as-a-service provider such as Render. Render
supports Django applications through a web service
deployment model in which the application code is
deployed alongside a configured application server such as
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Gunicorn. The deployment process involves creating a
Render web service, connecting it to the project's GitHub
repository, configuring the necessary environment variables
such as the Django secret key and database connection
string, and specifying the build and start commands for the
application.

The database is planned for migration from SQLite to a
production-grade managed database service. PostgreSQL is
the recommended production database for Django
applications, and Render provides a managed PostgreSQL
service that can be provisioned and connected to the Django
backend with minimal configuration. The migration from
SQLite to PostgreSQL involves updating the Django
database configuration to point to the PostgreSQL
connection string and running Django's migration
commands against the new database to create the required
schema.

Several limitations were identified during the evaluation.
The payment functionality is currently simulated rather than
connected to a real payment gateway, limiting the system's
suitability for direct commercial deployment. The SQLite
database is not optimized for high-concurrency production
environments. Real-time seat availability synchronization
across multiple browser sessions is not implemented in the
current version [33].

Despite these limitations, the system successfully
demonstrates the practical application of full-stack web
development concepts, including client-server architecture,
RESTful API design, ORM-based database management,
atomic transaction processing, and responsive UI
implementation, in the context of a realistic and useful
application domain [34].

VII. FUTURE ENHANCEMENTS

The Online Bus Ticket Booking System provides a well-
architected and extensible foundation for future
development. The modular Django application structure
enables new features and improvements to be integrated
without requiring fundamental changes to the existing
codebase or architecture [35].

Additional planned feature enhancements include a
comprehensive ticket cancellation and refund management
system, automated email and SMS notification services
using SendGrid and Twilio respectively

The most critical near-term enhancement is the integration
of a real payment gateway such as Razorpay, PayPal, or
Stripe to enable actual financial transactions, which is a
fundamental requirement for commercial deployment.
Razorpay is particularly suited for Indian deployments,
supporting UPI, net banking, credit and debit cards, and
digital wallets through a single API integration [36].

Additional planned feature enhancements include a

comprehensive ticket cancellation and refund management
system, automated email and SMS notification services
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using SendGrid and Twilio respectively, a user review and
rating system for bus operators, multi-language interface
support for major Indian regional languages, and multi-
segment journey support for connecting bus services [37]

Table-1V: Future Enhancement Opportunities

Vol 26 Issue 06, June 2026

Enhancement Expected Benefit

Real Payment Enable actual financial transactions
Gateway

(Razorpay/UPI)

Ticket Cancellation & | Standard user expectation fulfilled
Refund

Email/SMS
Notifications

Automated booking confirmations

Al Recommendation Personalized bus suggestions
Engine

Multi-Language
Support

Broader accessibility across India

React/Vue.js Frontend | Enhanced dynamic SPA experience

Real-Time Seat Sync | Live seat availability for all sessions
(WebSockets)

PostgreSQL Migration | Production-grade database reliability

Planned technological improvements include migration
from SQLite to PostgreSQL for production-grade database
reliability and concurrent-user performance, rebuilding the
frontend using React or Vue.js to enable a more dynamic
single-page  application  experience, implementing
WebSocket-based real-time seat availability
synchronization across active browser sessions, and
deploying the backend on cloud platforms such as Render
or AWS with the frontend on Netlify or Vercel [38].

VIII. CONCLUSION

This paper presented the design and implementation of an
Online Bus Ticket Booking System, a comprehensive full-
stack web application developed to address the limitations
of traditional bus ticket booking methods in India. The
system successfully integrates user registration and
authentication, bus search with filtering, interactive
graphical seat selection, atomic booking processing with
double-booking prevention, digital ticket generation,
booking history management, and administrative bus
management into a unified and cohesive platform [39].

The application tier is implemented using Django, a high-
level Python web framework that provides a comprehensive
set of tools for building robust web applications. This tier
handles all business logic operations, including user
authentication, search query processing, booking
transaction management, data validation, and API response
generation. Django's Model-View-Template architecture
organizes the application code into logically distinct
components, with models defining the database schema,
views handling request processing and response generation,
and URLs routing incoming requests to the appropriate
view functions.
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The data tier consists of a relational database that stores all
persistent application data, including user account
information, bus and route data, seat availability records,
and booking transactions. The system uses SQLite for
development purposes, which provides a lightweight and
zero-configuration database solution suitable for local
development and testing. The database schema is designed
using Django's Object-Relational Mapping (ORM) layer,
which abstracts the underlying SQL and allows developers
to interact with the database using Python objects. This
abstraction makes the system easily portable to more
powerful database backends such as PostgreSQL or
MySQL for production deployment.

Despite these limitations, the system successfully
demonstrates the practical application of full-stack web
development concepts, including client-server architecture,
RESTful API design, ORM-based database management,
atomic transaction processing, and responsive Ul
implementation, in the context of a realistic and useful
application domain

Communication between the frontend and backend is
achieved through Django REST Framework APIs that
accept HTTP requests and return JSON-formatted
responses. This API-first approach ensures a clean interface
between the presentation and application tiers and enables
the frontend to be replaced or augmented with a mobile
application or other client in the future without requiring
changes to the backend logic.

The atomic double-booking prevention mechanism was
validated through concurrent booking simulation,
confirming that the select for update() transaction lock
effectively prevents two simultaneous booking requests
from both succeeding for the same seat. This is a critical
reliability feature for any production booking system [40].

Several limitations were identified during the evaluation.
The payment functionality is currently simulated rather than
connected to a real payment gateway, limiting the system's
suitability for direct commercial deployment. The SQLite
database is not optimized for high-concurrency production
environments. Real-time seat availability synchronization
across multiple browser sessions is not implemented in the
current version [41].

Despite these limitations, the system successfully
demonstrates the practical application of full-stack web
development concepts, including client-server architecture,
RESTful API design, ORM-based database management,
atomic transaction processing, and responsive Ul
implementation, in the context of a realistic and useful
application domain [42].

The implementation demonstrates the effective application
of modern web development technologies including Django
4.2, Python 3.10, Django REST Framework, HTMLS,
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CSS3, and JavaScript in building a scalable, modular, and
user-friendly web  application. The client-server
architecture with RESTful API communication provides a
clean separation of concerns that facilitates independent
development and testing of system components and
supports future enhancement and scaling [43].

All twelve planned test cases passed successfully,
confirming the functional correctness of all core features
including the critical atomic double-booking prevention
mechanism. The interactive seat selection interface, real-
time fare calculation, and digital ticket generation represent
distinctive user experience features that differentiate the
system from simple text-based booking approaches [44].

The project demonstrates that modern full-stack web
technologies provide an effective and accessible platform
for developing practical, real-world software systems that
address genuine challenges in the transportation domain.
The system serves as a strong academic prototype and a
realistic foundation for a commercially deployable bus
ticket booking platform, with clear pathways for
enhancement through real payment gateway integration,
cloud deployment, and advanced features such as real-time
seat synchronization and multi-language support [45].
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