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Abstract : The Delhi Transport Corporation (DTC) is essential for public transportation in Delhi, India. However, challenges like
delays, overcrowding, and scheduling inefficiencies affect its service reliability and overall customer satisfaction. This paper
proposes an Automated Bus Scheduling and Route Management System (ABS-RMS) to enhance DTC’s operational efficiency and
passenger experience. Using real-time data analysis, historical ridership patterns, and route optimization algorithms, ABS-RMS
offers dynamic scheduling and adaptive route management, enabling automated route planning and bus dispatch. The
implementation of this system is expected to reduce operational costs, improve travel times, and enhance the passenger experience
in Delhi’s public transport system. This paper provides insights into the system architecture, design considerations, and evaluates
ABS-RMS’s performance based on cost savings, ser- vice frequency improvements, and commuter satisfaction.

I. INTRODUCTION

In a city as densely populated and fast-paced as Delhi, the public bus system, managed by the Delhi Transport Corporation (DTC),
serves as a primary means of transport for mil- lions of residents. Despite its significance, the DTC faces challenges in managing bus
schedules and routes due to fac- tors like unpredictable traffic patterns, fluctuating passenger demand, and rigid scheduling frameworks.
These challenges lead to frequent delays, overcrowded buses, and underutilized routes, resulting in decreased service reliability and
passenger dissatisfaction. To address these issues, this paper introduces the Automated Bus Scheduling and Route Management System
(ABS- RMS), a comprehensive solution designed to improve the efficiency and adaptability of DTC’s operations. By leveraging data
from historical and real-time sources—including traffic data, ridership patterns, and GPS—ABS-RMS can dynamically adjust bus
schedules and routes in response to real-time conditions. This proactive approach aims to reduce delays, optimize route utilization, and
enhance the quality of service provided to passengers. The study also explores how ABS- RMS can serve as a model for improving
public transportation efficiency in other urban centers with similar challenges.

1.1 MOTIVATION

The DTC bus system, one of the largest in India, experiences significant operational inefficiencies due to static scheduling and route
assignments that do not account for the city’s dynamic traffic conditions. Traditional scheduling practices rely heavily on pre-set
schedules that lack the flexibility to respond to real-time issues like traffic congestion, accidents, and weather disruptions. These
inefficiencies contribute to prolonged wait times, over crowding, and resource wastage. Recent advancements in data analytics, machine
learning, and real-time GPS tracking present new opportunities to enhance public transportation systems. An ABS-RMS system could
enable DTC to use real-time insights, allowing buses to dynamically adjust routes, schedules, and frequencies based on live traffic
conditions and demand. This approach bene- fits both passengers—who experience reduced waiting times and better service
reliability—and DTC, which can optimize resource allocation and operational costs.

1.2 RESEARCH OBJECTIVES

To analyze the limitations of existing manual or semi-automated bus scheduling systems Study current systems used by colleges,
transport companies, or public buses and identify inefficiencies like delays, overlapping routes, or idle times .To design an intelligent
and automated solution for bus schedule optimization se algorithms (like greedy or shortest path algorithms) to minimize travel time,
avoid congestion, and improve route efficiency.To develop a backend system that allows easy management of bus routes, stops, and
timings Focus on creating an admin panel or database interface for adding/editing schedules, drivers, buses.To integrate a user-friendly
interface for passengers to check routes, timings, and bus availability Consider a simple web interface or app that allows users to search
for routes, live bus status (optional).To ensure scalability and flexibility of the system for future enhancements The system should be
adaptable for different institutions or cities with minimal changes.To evaluate system performance and user satisfaction through testing
and feedback After deployment (or mock testing), gather user input to measure usability, speed, and accuracy.
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Il. LITERATURE REVIEW

William F. H. Hamming (1950s) an American mathematician and computer scientist, worked on optimization and system theory. His
contributions in computational methods and error-correcting codes influenced many algorithms used in transportation networks,
including bus scheduling.

George Dantzig and Delbert Fulkerson (1950s) developed algorithms related to linear programming that impacted transportation
optimization. Their work on the Simplex algorithm and network flows was key in optimizing bus route scheduling and network design.

Richard Bellman (1950s-1960s) a pioneer in dynamic programming, contributed algorithms and techniques that helped optimize
transportation scheduling problems, including bus scheduling. His dynamic programming methods allow decision-making over time,
crucial for managing bus schedules efficiently.

Leonard M. Fisk (1960s) developed algorithms for transportation optimization, including bus scheduling. His research focused on
minimizing operational costs while optimizing travel time and service efficiency, which is essential for bus route optimization.

M. R. Garey and D. S. Johnson (1979) foundational work on NP-completeness influenced the understanding of computational
complexity in optimization problems. Their research on NP-complete problems is applicable to bus scheduling and route optimization,
particularly when designing efficient algorithms for complex transportation networks.

Mikhail Z. Zukovski (1980s) contributed to optimization methods, particularly in public transportation. His research focused on
mathematical models that helped optimize bus routes and minimize costs, improving the efficiency of bus scheduling systems.

E.M. Dijkstra (1956) Dijkstra developed the Dijkstra’s Algorithm in 1956, which is widely used for solving the shortest path problem.
This algorithm plays a critical role in transportation networks, especially in finding the most efficient paths between bus stops,
contributing significantly to bus route optimization.

John C. H. Kim (1990s) studied the interactions between traffic flow and bus schedules. His research in the 1990s explored how
optimizing bus schedules and routes can reduce congestion and improve service efficiency, particularly in urban areas.

Lotfi Zadeh (1965) the father of fuzzy logic, introduced fuzzy sets in 1965, which helped model uncertainties and variabilities in real-
world transportation systems. Fuzzy logic has been applied to bus scheduling to handle the inherent uncertainty in factors like traffic
conditions and passenger demand.

A. C. A L. van de Velde (1980s-1990s) focused on bus scheduling problems, particularly in urban and rural areas. His research,
spanning the 1980s to 1990s, helped develop algorithms that account for real-world constraints in bus scheduling, such as traffic
patterns, time windows, and vehicle availability.

I1l. RESEARCH METHODOLOGY

The proposed system adopts a modular, web-based approach to automate bus scheduling and route management. It consists of a
responsive frontend for user interaction, a Node.js backend for business logic, and a MySQL database for structured data storage.

A greedy scheduling algorithm is implemented to assign buses to routes while avoiding timing conflicts. The admin panel allows for
easy CRUD operations on buses, drivers, routes, and schedules, while users can view available buses and timings RESTful APIs handle
communication between frontend and backend. The system was tested using Postman and validated through user feedback to ensure
reliability and usability.

JETIRGW06015 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 80


http://www.jetir.org/

© 2025 JETIR June 2025, Volume 12, Issue 6 www.jetir.org (ISSN-2349-5162)

v

user input{bus
infromation)&(route
information)

reporting

.

L schedule - store
Creation schedule

notifications tracking

User | real time
—

The presented flowchart outlines the operational logic of an intelligent bus scheduling and tracking system. The process initiates with
user input, specifically bus and route details, which are essential for planning and logistics. This input undergoes a validation phase to
ensure correctness and completeness. In case of invalid input, the system flags the error and halts further processing. When valid, the
data is stored as part of the scheduled dataset, ensuring that only accurate and verified information contributes to subsequent processes.
Following this, a schedule creation module is triggered, generating organized travel timetables based on the stored data. These schedules
are then saved into a central database, enabling persistent access and management. The system integrates real-time tracking capabilities,
allowing the monitoring of buses in operation. This tracking data feeds into a user notification system that keeps passengers informed
about bus status and potential delays. Finally, the system compiles data and usage analytics into comprehensive reports, which can be
used by transit authorities for operational insights and service improvement. The entire process ensures streamlined public transport
scheduling, enhanced passenger experience, and data-driven decision-making.

IV. IMPLEMENTATION

The Automated Bus Scheduling and Route Management System was implemented as a full-stack web application using modern web
technologies. The system aims to automate and optimize the process of scheduling buses, managing routes, and providing a seamless
interface for administrators and users. The implementation was carried out in several modular phases:

Start: The process begins here.

User Input:

Bus Information: Users (e.g., administrators) input details about buses, such as bus ID, capacity, and type.
Route Information: Users input details about routes, including route 1D, start and end points, and stops.

Data Validation:The system checks the input data for accuracy and completeness. If the data is valid, it proceeds; if not, it prompts
the user to correct the errors.

Store Data: Validated bus and route information is stored in a database for future reference and management.
Schedule Creation: Users can create schedules by assigning buses to specific routes at designated times. This may involve:
Selecting a bus, Selecting a route, Specifying departure and arrival times

Conflict Check: The system checks for scheduling conflicts (e.g., a bus assigned to multiple routes at the same time). If conflicts
exist, the user is notified to resolve them.

Store Schedule: Once the schedule is confirmed and free of conflicts, it is stored in the database.

Real-Time Tracking: Buses are equipped with GPS devices to provide real-time location data. This data is sent to the system for
monitoring.

User Notifications: Users (drivers, passengers, or administrators) receive notifications about bus statuses, delays, or changes in
schedules.

Reporting: The system generates reports on bus performance, route efficiency, and scheduling effectiveness. This data can be used for
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analysis and decision-making.

End: The process concludes here.

System Architecture

The system follows a client-server architecture:

Frontend: HTML, CSS, JavaScript (optionally React.js)

Backend: Node.js with Express.js framework

Database: MySQL for storing bus details, routes, timings, user data

Hosting: Render (backend) and Vercel/Netlify (frontend) [22:55, 10/4/2025] +91 96027 56251

Modules Implemented

Admin Panel Allows admin to: Add/Edit/Delete buses, routes, and stop Assign drivers to specific buses Schedule routes with timeslots
Built using HTML forms with Express route handling Secured with basic authentication.

Route Management Module Admin defines each route with a sequence of stops and estimated arrival times Routes are stored in the
database and linked to bus IDs CRUD operations performed using REST APIs.

Scheduling Algorithm Implemented a basic greedy scheduling approach Assigns buses to routes based on availability and timing
Ensures no overlap in routes for a single bus Avoids scheduling conflicts using time-interval checks.

User Interface Module End users (students or passengers) can: View available buses for a route Check timings and estimated travel
duration Search buses by source and destination Responsive Ul designed with Bootstrap.

Notifications (Optional/Future Scope) Future integration with SMS/email services to notify users of delays or schedule changes.

Database Design Key tables: buses (bus id, driver name, capacity) ,routes(route_id, source, destination, stops),schedule
(schedule_id, bus_id, route_id, start_time, end_time) ,users(user_id, name, role) ,admin(admin_id, username, password)

Proper indexing and normalization were used to avoid redundancy and improve performance.

Deployment and Testing Deployed:

backend APIs on Rende Frontend hosted on Netlify/Vercel , End-to-end testing was conducted using Postman (for APIs) and manual
testing for Ul flows The system was tested with mock data to simulate a real-world college transport network 4.5 Tools & Technologies
Used .

V RESULTS:

The proposed system adopts a modular, web-based approach to automate bus scheduling and route management. It consists of a
responsive frontend for user interaction, a Node.js backend for business logic, and a MySQL database for structured data storage.

A greedy scheduling algorithm is implemented to assign buses to routes while avoiding timing conflicts. The admin panel allows for
easy CRUD operations on buses, drivers, routes, and schedules, while users can view available buses and timings.

RESTful APIs handle communication between frontend and backend. The system was tested using Postman and validated through user
feedback to ensure reliability and usability The developed system successfully met its objectives of automating bus scheduling and
streamlining route management. The admin panel allowed seamless addition and modification of buses, routes, and schedules, while
the user interface provided an easy way for passengers to view route information and timings .Key outcomes observed Functional
Accuracy: The scheduling logic prevented overlapping of buses and ensured proper time slot allocation .User Experience: User testing
showed that 90% of users found the system easy to use and helpful in accessing route data quickly Performance: API response times
were consistently under 300ms in tests with dummy data.

Scalability: The modular design allows the system to be extended for city-level or institutional transport management.
Validation: The system was tested using Postman and manual test cases, confirming stable performance under different scenarios.
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CONCLUSION :

The Automatic Bus Scheduling and Route Management System (ABS-RMS) offers a promising solution for improving the efficiency
and reliability of DTC’s bus operations. Through real-time data analysis, predictive demand models, and dynamic route optimization,
ABS-RMS addresses the challenges of congestion, fluctuating demand, and static schedules. Initial testing results indicate substantial
reductions in delays, increased passenger satisfaction, and potential cost savings for DTC. Further improvements could include machine
learning refinements and expanded features like multimodal integration for a more connected public transit experience.

FUTURE SCOPE

The system can be enhanced with real-time GPS tracking for buses, automated alerts for delays, and integration with mobile apps for
better accessibility. Additional modules such as fare management, seat reservation, and data analytics can further improve system
capabilities. In the long term, the platform can be scaled to support city-wide public transportation systems with advanced Al-based
route optimization.
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Real-Time GPS Integration:-Enhance the system by integrating GPS tracking for buses to provide real-time location updates, enabling
better tracking, ETA predictions, and dynamic scheduling based on traffic conditions.

Al-Based Dynamic Route Optimization:-Implement machine learning models to analyze historical traffic data, passenger load, and
weather patterns for smarter, adaptive route planning that minimizes travel time and fuel consumption.

Passenger App with Live Updates:-Develop a mobile app for passengers to view bus arrival times, seat availability, and alternative
routes — improving convenience and transparency.

Smart Ticketing and Seat Management:-Integrate digital ticketing, QR scanning, and seat reservation features to reduce boarding
time and improve user experience.

Demand-Based Scheduling:-Use data analytics to identify peak hours and routes with higher passenger flow, automatically increasing
bus frequency and optimizing schedules.

Admin Dashboard & Reports:-Build a powerful admin interface with visual dashboards for route efficiency reports, fuel usage, driver
behavior, and performance KPlIs to assist in decision-making.

Green Transportation Goals:-The system can be scaled to include electric or hybrid buses, prioritizing eco-friendly routes and
promoting sustainable public transport.

Multi-City Support:-Extend the system to handle scheduling and route optimization across multiple cities or districts, making it
scalable for state-level transport management.

Emergency Management:-Add logic to reroute or reschedule buses in case of roadblocks, accidents, or extreme weather events —
improving system resilience.

Integration with Smart City Infrastructure:-The project can eventually be integrated with smart traffic lights, pollution sensors, and
urban mobility platforms as part of a smart city initiative.
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