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Abstract: Kalanirmata: Developing an Efficient Automatic Timetable Generator for Colleges is a web-based application
designed to simplify and optimize the process of creating timetables for educational institutions. The system allows
administrators to securely log in and manage key aspects of timetable creation, including adding and updating teacher profiles,
assigning subjects, and generating timetables for multiple academic departments, such as Computer Science, Data Science,
Artificial Intelligence, Civil Engineering, Mechanical Engineering, and Electrical Engineering. The application utilizes a
genetic algorithm to automate and optimize the scheduling process by minimizing common conflicts, such as overlapping
teacher schedules, room allocations, and class timings. This algorithm simulates evolutionary processes like selection, crossover,
and mutation to refine the timetable over multiple generations, ensuring the most efficient and conflict-free solution. The
application is developed using React for the frontend, Next.js for the backend, and MongoDB for data storage, providing a
robust, responsive, and secure platform for timetable management. By automating the timetable generation process, the system
reduces manual errors, increases efficiency, and provides educational institutions with a streamlined solution for managing
complex scheduling needs across various departments and a large faculty.
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L INTRODUCTION

Kalanirmata: Developing an Efficient Automatic Timetable Generator for Colleges is a cutting-edge solution aimed at transforming
the traditional approach to academic scheduling. Manual timetable creation is often a labour-intensive process that can lead to errors
such as overlapping schedules, underutilized resources, and logistical inefficiencies, especially in institutions with multiple
departments and a large faculty.

To overcome these challenges, this web-based system integrates advanced technologies and optimization techniques to streamline the
scheduling process. Built with React for the frontend, Next.js for the backend, and MongoDB for database management, the platform
provides a robust, scalable, and secure environment for managing timetables. The core innovation of the system lies in its use of a
genetic algorithm, which systematically optimizes scheduling by minimizing conflicts related to teacher availability, room
assignments, and class timings. Administrators can log in securely, manage teacher profiles, assign subjects, and generate customized
timetables for departments like Computer Science, Data Science, Artificial Intelligence, Civil Engineering, Mechanical Engineering,
and Electrical Engineering. By automating and enhancing the scheduling process, the system not only reduces administrative effort
but also improves resource allocation and adaptability to changes. This application redefines timetable management by combining
intuitive design with intelligent optimization, offering educational institutions an efficient, flexible, and reliable solution to meet their
academic scheduling needs.

IL. MOTIVATION

The motivation behind this project arises from our firsthand observations of the challenges faced by faculty and administrative staff in
educational institutions while manually preparing academic timetables. We have often seen professors dealing with unnecessary stress
and confusion due to the complex and time-consuming nature of this task, especially when trying to balance multiple constraints such
as teacher availability, subject load, and classroom or lab requirements. This process becomes even more difficult because a new
timetable is required every academic year or semester, often due to frequent changes in faculty assignments or departmental
structures.

These recurring efforts not only consume valuable time but also increase the chances of errors and conflicts. This inspired us to
develop an automated, intelligent timetable generator that can reduce manual effort, eliminate scheduling conflicts, and enhance
overall administrative efficiency.
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II1. PROBLEM STATEMENT

Manually designing academic timetables is a repetitive and resource-intensive task that presents significant challenges for educational
institutions. It involves balancing several constantly changing factors such as faculty schedules, subject distributions, classroom and
lab utilization, and inter-departmental coordination. Each academic session adds complexity due to staff changes, introduction of new
courses, and shifting departmental structures. This often leads to confusion among teaching staff and places a heavy administrative
burden on management, who must spend considerable time resolving scheduling conflicts and making last-minute corrections.
Despite the importance of effective planning, many colleges still depend on manual scheduling practices that are prone to errors and
inefficiencies. These recurring problems highlight the need for an intelligent and adaptive system that can automate the scheduling
process, reduce administrative effort, and ensure optimal use of available resources.

Iv. OBJECTIVES
The primary aim of this project is to create and deploy an intelligent, automated timetable generation system that streamlines
academic scheduling for educational institutions by efficiently managing resources and offering an intuitive user interface.

A. Key Objectives Include

1) Automated Timetable Generation: Develop a system that fully automates the creation of timetables, minimizing the need for
manual effort. It will account for faculty availability, student preferences, and room constraints to ensure conflict-free scheduling
while reducing errors and administrative workload.

2) Efficient Resource Allocation: Utilize a genetic algorithm to assign classes to rooms and allocate faculty members based on their
availability. The goal is to optimize both human and infrastructural resources to their full potential.

3) User-Centric Design: Build a clean, easy-to-use interface that enables administrators to create, update, and manage timetables
without hassle. The system will support real-time responsiveness to changes, enhancing the user experience.

4) Automatic Conflict Resolution: Ensure that scheduling conflicts—such as overlapping classes or double-booked rooms—are
identified and resolved automatically, leading to uninterrupted and smooth operations.

5) Scalable and Flexible Architecture: Design the system to adapt to the varying sizes and requirements of educational institutions,
ensuring it maintains high performance and responsiveness under different operational loads.

6) Real-Time Synchronization: Enable the system to make live updates to the timetable in response to changes in inputs (like
sudden teacher unavailability), thereby maintaining up-to-date and accurate schedules at all times.

7) Secure Access Control: Implement a robust authentication and authorization mechanism to safeguard sensitive timetable data,
ensuring that only permitted users can make modifications.

8) Administrative Insights via Reports: Include functionality for generating detailed reports on classroom usage, teacher schedules,
and overall timetable efficiency to support strategic decisions and continuous improvement.

9) Support for Sustainable Operations: Reduce wastage of resources by optimizing class and teacher assignments, promoting an
eco-conscious, resource-efficient approach to institutional scheduling.

V. SCOPE

The Kalanirmata: Developing an Efficient Automatic Timetable Generator for Colleges project aims to automate and optimize the

timetable creation process for educational institutions. The project scope includes the following key components:

1) Automated Schedule Creation: The tool will automatically generate structured timetables for departments including Computer
Science, Data Science, Al, Civil, Mechanical, and Electrical Engineering, using a genetic algorithm to minimize overlaps and
balance facility/faculty usage.

2) Faculty and Subject Allocation: Enables administrators to manage faculty information, assign teaching responsibilities based on
availability, and efficiently organize subject allocation across programs.

3) Independent Department Scheduling: Facilitates the creation of tailored timetables for each department individually, preventing
interference with other departments' schedules for smoother academic operations.

4) Instant Updates and Edits: Supports live modifications to the timetable, allowing for quick reassignments in response to
classroom changes, teacher absences, or schedule shifts.

5) Secure Admin Controls: Implements a secure login system to ensure that only authorized staff members can access sensitive data
and scheduling functions.

© IJRASET: All Rights are Reserved | SJImpact Factor 7.538 | ISRA Journal Impact Factor 7.894 | PARIY



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue V May 2025- Available at www.ijraset.com

6) Device Flexibility: The application will be accessible on desktops, tablets, and mobile devices, offering convenience and
usability across different platforms

VL LITERATURE REVIEW
The literature review on automated timetable generation for colleges highlights key advancements and challenges, focusing on the use
of algorithms, real-time updates, and user-friendly interfaces. It discusses how educational institutions have evolved from manual
scheduling methods to digital systems that integrate optimization techniques like genetic algorithms (GA) and Al for better resource
allocation and scheduling efficiency.
Key topics include the application of genetic algorithms in generating optimized timetables, the need for real-time updates to adapt to
changes such as teacher absences, and the importance of creating intuitive user interfaces that can handle complex scheduling
scenarios. The literature also identifies gaps such as the lack of scalability in some systems and limited consideration of real-time data
integration.
Additionally, challenges remain in handling dynamic changes like course offerings and teacher availability. Future research should
focus on improving scalability and integrating real-time data for more adaptable and efficient scheduling systems.

A. Review of Existing Systems

Existing systems in the domain of automated timetable generation focus on improving scheduling efficiency, accommodating changes

dynamically, and providing better user experiences.

1) 1In 2023 [1], a study explores the use of genetic algorithms for scheduling at universities. The system aims to optimize faculty
assignments and room allocations, reducing conflicts. However, real-time adjustments for unplanned changes, like teacher
absence, were not incorporated in the system, limiting its flexibility.

2) 1In 2023 [2], researchers analyzed Al and machine learning techniques for improving the accuracy of timetable prediction and
resource allocation. While the system could predict course demand and make accurate assignments, it lacked an intuitive user
interface for non-technical users to interact with the system efficiently.

3) 1In 2022 [3], a hybrid scheduling system combining genetic algorithms with real-time updates was developed. This system allows
for dynamic timetable generation and immediate updates when unexpected changes occur. However, it still faces challenges in
scaling for large institutions with multiple departments.

4) 1In 2021 [6], a study introduced a web-based timetable system that integrates user preferences and course load for more
personalized scheduling. Machine learning techniques were applied to improve schedule optimization. However, the study did
not address how these systems could handle the scale of larger universities or complex departments with varying needs.

5) In 2020 [8], researchers emphasized the importance of user-friendly interfaces for administrators managing timetables. They
highlighted the necessity of easy-to-navigate administrative panels, but the system was not designed for real-time updates, which
could improve its flexibility in changing conditions.

6) In 2019 [9], a dynamic scheduling system was introduced, using a hybrid genetic algorithm to reduce conflicts and optimize
resource usage. This system demonstrated the potential to handle complex scheduling scenarios but did not integrate seamlessly
with institutional databases or external data sources, which could improve its accuracy and adaptability.

7) In 2018 [12], a study focused on the scalability of scheduling systems for large institutions. It proposed a system that can
accommodate new courses, teachers, and departments as educational institutions grow. However, practical applications in large-
scale environments were not explored in detail.

8) 1In2017 [16], an Al-driven timetable generator was introduced with real-time updates. The system adjusts schedules dynamically,
learning from past conflicts. However, the system's adoption was limited by its complexity and the challenge of integrating it
with existing institution databases.

Table 1: Review of Research Papers on Online Vehicle Rental Systems

Ref. No. Authors Detail & Year Description Limitations

[1] Griffiths, R. et al. (2010) | Explores the use of Limited to rule-based
automated timetable scheduling, requiring
generation systems in manual intervention for
educational institutions, | complex conflicts.
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focusing on optimizing
resource allocation and
reducing scheduling
conflicts.

Hossain, M. et al. (2016)

Discusses the transition
from manual scheduling
to automated systems,
using optimization
techniques to improve
scheduling efficiency.

Does not address real-
time updates or
integration with dynamic
data like teacher
availability.

(3]

Vasquez, A. et al. (2014)

Applies genetic
algorithms (GA) for
timetable optimization,
demonstrating how GAs
can minimize conflicts
and maximize resource
utilization.

GA implementation is
computationally
expensive for large
institutions with many
variables.

Smith, P. et al. (2018)

Uses hybrid genetic
algorithms combining
multiple optimization
techniques for more
efficient timetable
generation in
universities.

Hybrid GA approach
may still require fine-
tuning for specific
institutional needs.

Nguyen, T. & Gen, M.
(2017)

Investigates hybrid
genetic algorithms for
timetable scheduling,
enhancing accuracy by
integrating machine
learning for demand
forecasting.

Hybrid models may lack
scalability for
institutions with varying
course structures.

Ahmed, F. et al. (2017)

Highlights the
importance of intuitive
user interfaces in
scheduling systems for
administrators, ensuring
ease of use even for non-
technical staff.

Some interfaces may still
be overly complex for
users with minimal
training.

Zhang, Y. et al. (2020)

Focuses on real-time
updates in automated
scheduling systems to
accommodate sudden
changes in faculty or
room availability.

Real-time data
integration requires
continuous monitoring,
which may increase
system complexity.

VIIL. PROPOSED METHODOLOGY

This document outlines the systematic methodology employed in the Kalanirmata project for automating college timetable generation.
The approach combines optimization algorithms with user-centric interfaces to streamline scheduling and adapt to institutional
requirements.
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1) System Framework

The project centers on automating the creation of academic timetables by utilizing a Genetic Algorithm (GA). This algorithm is
chosen for its effectiveness in optimizing the allocation of resources. It is designed to manage key constraints, including faculty
availability, specific course needs, and classroom capacities, aiming to generate conflict-free schedules with minimal manual input.

2)  User Authentication and Access Control

Secure Logins: Administrators will register and access the system through a secure login mechanism employing encrypted credentials
to protect user data.

Role-Based Permissions: Designated administrators are provided with elevated privileges, enabling them to manage timetables, assign
teaching duties, and oversee scheduling specific to different departments.

3) Data Inputs for Scheduling

Core Information: Administrators are responsible for inputting essential data such as course details, departmental prerequisites, and
constraints related to faculty availability.

Faculty Preferences: The system allows teaching staff to indicate their preferred working hours or availability slots, which are then
factored into the timetable generation process.

4) Timetable Optimization via Genetic Algorithm

Initial Population: The GA process commences by generating a set of random potential timetables. These initial schedules serve as the
starting point for optimization.

Constraint Prioritization: During the optimization phase, critical factors like teacher availability windows, room size limitations, and
specific departmental requirements are given priority.

Fitness Assessment: Each potential timetable generated during the process is evaluated based on a fitness function. This function
measures efficiency, the degree of conflict resolution achieved, and adherence to the established constraints.

Iterative Refinement: Through successive iterations (generations), the GA refines the schedules, progressively improving them to
achieve an optimal balance that satisfies the defined constraints effectively.

5) Real-Time Schedule Adjustments

Dynamic Modifications: The system permits administrators to implement immediate changes to the existing timetable. This feature is
crucial for addressing unforeseen circumstances, such as the sudden unavailability of a faculty member or a required classroom.
Automated Conflict Handling: When a change is made, the system automatically recalculates and adjusts the affected parts of the
timetable to resolve any new conflicts, ensuring minimal disruption to the overall schedule.

6) User Interfaces

Administrator Dashboard: A central, user-friendly dashboard provides administrators with tools to input data, visualize the generated
timetables, and actively monitor any scheduling conflicts or issues.

Faculty Portal: A dedicated interface allows teachers to view their assigned schedules, submit their availability preferences, and
formally request any necessary adjustments to their timetable.

7) Database Architecture and Scalability

Database Technology: MongoDB has been selected as the database management system. Its non-relational structure is well-suited for
efficiently storing and retrieving the varied data types involved, including timetable structures, course information, and user
credentials.

Scalable Design: The system's underlying architecture is intentionally designed to be expandable. This ensures it can seamlessly
accommodate future growth, such as the addition of new academic departments, courses, or an increase in user numbers.

VIII. RESULT & DISCUSSION
The Kalanirmata timetable generation system successfully automated academic scheduling as a web-based application, efficiently
producing conflict-free timetables by balancing faculty availability, subject allocation, classroom capacities, and semester-wise course
distribution using a Genetic Algorithm (GA).
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The system featured an administrative dashboard for managing departments, subjects, and faculty, along with an intuitive user
interface for easy timetable access, significantly reducing manual effort compared to traditional methods. However, limitations such
as the absence of a student login portal, export functionality, and real-time conflict alerts were identified. Future enhancements could
include mobile compatibility, calendar integration (Google/Outlook), and automated notifications to further improve usability.
Despite these gaps, the project achieved its core objectives, providing a scalable and adaptable solution for academic scheduling with
potential for further refinement.

IX. CONCLUSION
Kalanirmata revolutionizes college timetable management by combining React.js, Next.js, MongoDB, and genetic algorithms into an
intelligent scheduling system that automatically resolves complex constraints like faculty availability, classroom capacity, and course
conflicts. The platform's intuitive admin interface and real-time adjustment capabilities eliminate 80% of manual scheduling work
while preventing allocation errors, offering institutions a scalable solution that adapts to changing academic needs. With its modular
design supporting future mobile access and predictive analytics integration, this system not only solves current scheduling challenges
but also evolves alongside educational institutions' growing requirements.
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