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ABSTRACT: The Engineering College Automation Package ECAP is a web-based system developed to simplify and
automate the academic and administrative activities of engineering colleges. In my opinion, traditional paper-based
processes and disconnected digital systems often cause inefficiencies, data duplication, and increased workload for
staff. ECAP addresses these challenges by providing a single integrated platform that manages key operations such as
student and faculty information, attendance tracking, timetable scheduling, notice management, marks recording, and
library services.
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L. INTRODUCTION

The rapid growth of digital technologies has significantly changed how educational institutions operate, yet many
engineering colleges still depend on manual paperwork or fragmented software systems for their day-to-day activities.
Tasks such as attendance tracking, timetable management, maintaining student records, sharing notices, and handling
library operations are often managed inefficiently, leading to delays and errors. 1 believe the Engineering College
Automation Package ECAP is developed to overcome these limitations by offering a unified, web-based platform that
streamlines both academic and administrative processes. I believe by digitizing and integrating these functions, the
system helps institutions improve accuracy, save time, and enhance overall productivity.

ECAP creates a connected digital environment where administrators, faculty, students, and library staff can interact
seamlessly. In my opinion, in addition, each user is provided with role-based access, ensuring they can only view and
manage the features relevant to their responsibilities. For me, moreover, administrators oversee institutional data and
scheduling, faculty members handle academic activities like attendance and marks, students can easily track their
academic progress, and library staff manage book records and circulation efficiently. This structured and user-centric
approach not only improves coordination but also ensures secure and organized information management across the
institution.

II. LITERATURE REVIEW

The increasing demand for efficient academic management systems has led to the development of several web-based
institutional management solutions. In my opinion, these systems aim to automate academic processes and reduce
reliance on traditional paper-based methods [1][3]. Plus, previous studies have highlighted the benefits of web-based
educational management systems in improving communication and information accessibility within institutions.
Research in this area emphasizes the importance of centralized databases and integrated digital platforms for managing
student records and academic data [2].

Several existing college management systems provide modules for attendance tracking, timetable scheduling, and
student information management. However, many of these systems operate as standalone applications and lack
integration between different institutional departments. Recent technological advancements have enabled the
development of modern full-stack web applications that provide scalable and secure solutions for academic management.
In my opinion, plus, technologies such as React.js and MongoDB have made it possible to build efficient web-based
platforms capable of handling large volumes of institutional data [4][5]. Despite these developments, many institutions
still require a more integrated and scalable platform that combines multiple academic modules into a single system. In
my opinion, the proposed Engineering College Automation Package ECAP addresses this gap by providing a
comprehensive web-based platform that automates and centralizes key institutional operations [6].

IJARETY © 2026 | An ISO 9001:2008 Certified Journal | 846




International Journal of Advanced Research in Education and TechnologY(IJARETY)
| ISSN: 2394-2975 | www.ijaretv.in| | Impact Factor: 8.152| A Bi-Monthly, Double-Blind Peer Reviewed & Refereed Journal |

{}IJARETY || Volume 13, Issue 2, March-April 2026 ||

DOI1:10.15680/IJARETY.2026.1302050

III. METHODOLOGY

The development of the Engineering College Automation Package (ECAP) follows a structured and systematic
methodology to ensure the final system is reliable, scalable, secure, and user-friendly. The project is developed using the
MERN stack (MongoDB, Express.js, React.js, Node.js), which allows for a unified JavaScript-based environment, high
performance, and seamless data flow between the frontend and backend.

A. Requirement Analysis

The first step in the methodology involves identifying the requirements of engineering institutions regarding academic
and administrative management. Information was gathered by analysing common challenges faced by colleges, such as
manual attendance tracking, inefficient timetable scheduling, data redundancy, and lack of centralized data management.

Key activities in this phase include:

e Data Gathering: Studying existing manual and semi-automated systems to identify pain points. Common issues
found include attendance errors, delayed mark updates, missing notices, and difficulty accessing academic records.

o Stakeholder Identification: Four primary user roles were identified — Administrator, Faculty Member, Student, and
Library Staff. Each role has distinct needs and access levels.

e Functional vs Non-functional Requirements: Functional requirements include features like marking attendance,
uploading marks, and issuing library books. Non-functional requirements include system response time (under 3
seconds), data security, and 99% uptime.

Output: A complete requirement specification document that defines every module and feature to be built.
Based on these requirements, the system modules and functionalities were clearly defined before any coding began.

B. System Design
After identifying system requirements, the architecture of ECAP was designed. The system follows a three-tier
architecture, which separates the system into three independent layers: the presentation layer, the application layer, and
the database layer.

Presentation Layer (Frontend):

This layer is developed using React.js. It provides an interactive and responsive user interface for administrators, faculty
members, students, and library staff. The Ul includes dashboards, forms, tables, and notification components. React's
component-based structure allows reusable elements like attendance cards, mark sheets, and timetable views. The
frontend communicates with the backend only through APIs, never directly accessing the database.

Application Layer (Backend):

This layer is implemented using Node.js and Express.js. It handles all business logic, user authentication, role-based
access control, and API communication. When a user clicks a button on the frontend, an API request is sent to this layer.
The backend processes the request (for example, calculating attendance percentage or verifying login credentials),
interacts with the database if needed, and sends back a response. This layer also contains middleware for validation, error
handling, and security.

Database Layer:

MongoDB is used to store and manage all institutional data. Data is stored as JSON-like documents in collections.
Examples of collections include students, faculty, attendance records, marks, library books, transport routes, and notices.
MongoDB's flexible schema allows easy updates when new requirements emerge, such as adding a new field for student
parent contact information.

Why Three-Tier Architecture?

This design ensures scalability (each layer can grow independently), security (the frontend never touches the database
directly), and maintainability (developers can fix or upgrade one layer without breaking the others).

C. Module Development

The system is divided into multiple modules to simplify development and improve functionality. Each module is
responsible for managing a specific institutional activity. The modules are developed independently and then integrated.
The major modules include:
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e Student Management Module — Maintains student personal and academic records such as enrolment number,
branch, year, section, contact details, and uploaded certificates. It allows students to update their profile and view their
academic history.

e Faculty Management Module — Manages faculty profiles, subject allocation, and departmental details. It tracks
which faculty member teaches which subject and section. It also helps administrators assign or reassign subjects each
semester.

e Attendance Management Module — Allows faculty to record and monitor student attendance digitally. Attendance
is marked against a specific class and time slot based on the timetable. The system automatically calculates daily
attendance, monthly summaries, and overall percentages. Students can view their attendance in real time.

e Timetable Management Module — Generates schedules for classes and laboratory sessions while preventing
scheduling conflicts. The system ensures that the same faculty member is not assigned to two different classes at the
same time. It also checks for room availability. Timetables are displayed role-wise — students see their own class
schedule; faculty see their teaching schedule.

e Marks Management Module — Enables faculty to record student examination marks and generate reports. It
supports internal assessments, external exams, and final grade calculations. The module also includes automatic Course
Outcome (CO) and Program Outcome (PO) attainment calculations based on student performance data.

e Library Management Module — Manages book inventory, issuance, and return records. It tracks which student has
borrowed which book, the issue date, due date, and any fines for late returns. Library staff can search for books, add new
books, and generate reports on popular or available books. Each module follows a standard CRUD pattern (Create, Read,
Update, Delete) initially, and then role-based rules are applied. For example, faculty can create and update marks, but
students can only read their own marks.

D. Implementation
The implementation phase involves developing the frontend and backend components and integrating them with the
database. This is where the actual coding happens.

Frontend Implementation using React.js:

React.js is used to create responsive user interfaces. Key aspects include:

e Component Creation: Reusable components like attendance tables, mark cards, timetable grids, and notice boards
are built once and used across multiple pages.

¢ Routing: React Router is implemented to create protected routes. For example, the /admin/dashboard route is only
accessible to users with admin role. If a student tries to access it, they are redirected to their own dashboard.

o State Management: Global state (such as logged-in user details) is managed using React Context API or Redux.
This allows data to be shared across components without passing props manually every time.

e API Integration: The frontend communicates with the backend using Axios or Fetch API. When a student views
attendance, a GET request is sent to the backend, and the returned data is displayed in a table.

Backend Implementation using Node.js and Express.js: The backend handles server-side logic and API communication.
e RESTful APIs: Each module has its own set of API endpoints. Examples include POST /api/attendance/mark for
faculty to save attendance, GET /api/student/marks/:id for students to view marks, and PUT /api/library/return for
returning a book.

e Middleware Implementation: Multiple middleware functions are used. Authentication middleware checks if the
user is logged in. Authorization middleware checks if the logged-in user has permission to perform an action (for
example, only admin can delete a faculty record). Validation middleware checks that incoming data is correct (for
example, marks should be between 0 and 100).

e Central Error Handler: A global error handler catches any exceptions that occur during request processing. Instead
of showing raw error messages (which might leak sensitive information), the system returns a safe, user-friendly
message like "Something went wrong. Please try again later."

Database Implementation using MongoDB: MongoDB stores all institutional data in a structured yet flexible format.

e Collection Design: Separate collections are created for students, faculty, attendance, marks, library books, transport
routes, notices, and timetables.
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o Relationships: Data is linked using Object Id references. For example, an attendance record contains a student Id
field that references a document in the student’s collection. A timetable entry contains faculty Id and subject Id
references.

¢ Indexing: Indexes are created on frequently searched fields like roll number, date, and book ID to speed up queries.

e Schema Validation: Even though MongoDB is schema-less, validation rules are applied at the application level to
ensure data integrity. For example, a student's roll number must be unique, and marks cannot be negative.

Authentication and Role-Based Access Control: Security is implemented at multiple levels.

o Password Security: User passwords are hashed using berypt before being stored in the database. The plain text
password is never saved.

o Session Management: User sessions are managed using httpOnly cookies. These cookies cannot be accessed by
JavaScript, which prevents cross-site scripting (XSS) attacks. This is more secure than storing tokens in localStorage.

¢ Role-Based Access Control (RBAC): Each user is assigned a role — admin, faculty, student, or library staff. The
system checks the role before allowing access to any API endpoint or route. A student cannot access the admin panel. A
faculty member cannot issue or return library books. This ensures that users can only perform actions relevant to their
role.

E. Testing and Deployment
Once the system is developed, various testing methods are conducted to ensure reliability, security, and performance.

Types of Testing Performed:

o Functional Testing — Verifies that each module performs its intended operations correctly. For example, testing that
the attendance module correctly calculates monthly percentage, or that the library module correctly updates book
availability after an issue or return.

o Integration Testing — Ensures that different modules communicate effectively with each other. For example, when
faculty marks attendance, does the student dashboard reflect that change immediately? When admin uploads a new
timetable, does it appear correctly for both faculty and students?

e Unit Testing — Individual functions are tested in isolation. For example, testing that a function which calculates
Course Outcome attainment returns the correct value for a given set of marks.

o Security Testing — Checks for vulnerabilities. This includes testing that protected routes cannot be accessed without
login, that passwords are stored in hashed form, that httpOnly cookies are properly implemented, and that SQL injection
or NoSQL injection attacks are not possible.

e Performance Testing — Ensures the system can handle real-world load. The system is tested with simulated users to
check response times. The goal is to keep dashboard load times under 3 seconds even with 100+ concurrent users.

o User Acceptance Testing (UAT) — Selected faculty members, students, and admin staff use the system for a trial
period. Their feedback is collected and used to make final improvements before full deployment.

o Backend Deployment: The Node.js application is deployed on a cloud platform Render. Environment variables
(database URI, session secret, API keys) are configured on the server, never hardcoded.

o Frontend Deployment: The React build folder (generated by running npm run build) is deployed on static hosting
services like Render

e Database Deployment: MongoDB Atlas (cloud version) is used for production. It provides automatic backups,
monitoring, and easy scaling. Database connection strings are stored securely in environment variables.
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Test Case ID Module Test Scenario Input Expected Priority Result
Output
TC 01 Admin Add Student Valid student | Student record | High Pass
data created
successfully
TC 02 Admin Import Bulk | Valid CSV file | All student | High Pass
Students records
imported
correctly
TC 03 Faculty Mark Student list + | Attendance High Pass
Attendance date saved correctly
TC 04 Faculty Add Marks Marks data Marks stored | High Pass
successfully
TC 05 Student View Request Accurate High Pass
Attendance attendance attendance
displayed
TC 06 System Attendance Faculty marks | Updated High Pass
Sync attendance attendance
visible to
student
TC 07 System CO-PO Marks data Correct CO- | High Pass
Calculation PO mapping
generated
TC 08 Security Unauthorized Invalid Access denied | High Pass
Access login/token

Table 1: Summary of Test Results

IV.RESULTS

The implementation of the ECAP system demonstrates significant improvements in managing academic operations. By
automating processes such as attendance tracking and timetable scheduling, the system reduces manual workload and

minimizes errors.

The centralized database structure allows faster data retrieval and improves communication between different
departments. Students can easily access academic information, while faculty members can manage attendance and marks

efficiently.
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Table 2: User Role and Module Interaction Matrix

Module Name Faculty Permissions Student Permissions

Attendance Mark/Update daily View attendance

Timetable View Personal Teaching Schedule View Class Wise Schedule
Examination Upload internal/external marks View performance and grades
Materials Upload resources and notes Download subject-specific materials
Communication Post academic/event notices Receive real-time notifications

V. DISCUSSION

The results obtained from the implementation of the ECAP system highlight the advantages of using a centralized web-
based academic management platform.

A. Interpretation of Results

The system significantly reduces manual effort in maintaining student records, calculating attendance, managing
timetables, and distributing academic information. By automating these processes, the likelihood of human errors is
minimized, and administrative efficiency is improved.

Furthermore, the use of a centralized database allows all stakeholders to access real-time information. Students can easily
view their attendance records, marks, notices, and study materials, while faculty members can efficiently manage class
schedules and academic data.

B. Comparison with Existing Systems
Traditional academic management systems often rely on manual processes or disconnected software applications. These
systems may lead to data duplication, communication delays, and inefficient data retrieval.

Compared to such systems, ECAP provides a fully integrated platform where all academic modules operate within a
single system. The use of modern web technologies such as the MERN stack allows for better scalability, faster data
processing, and improved user experience.

C. Limitations

Although the ECAP system provides several advantages, some limitations remain:

e The system currently operates as a web-based application only, without a dedicated mobile application.
o Integration with biometric attendance devices is not yet implemented.

e Advanced analytics features for predicting student performance are not included in the current version.
Addressing these limitations could further enhance the system's capabilities.

VI. CONCLUSION

This research presents the development and implementation of the Engineering College Automation Package ECAP,
a web-based academic management system designed to automate institutional processes in engineering colleges. The
system integrates multiple modules, including student management, faculty management, attendance tracking,
timetable scheduling, notice dissemination, marks management, and library operations. By using modern web
technologies such as MongoDB, Express.js, React.js, and Node.js, the platform gives a scalable and efficient solution
for managing academic data.
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The results demonstrate that ECAP improves institutional efficiency by reducing manual workload, minimizing data
redundancy, and enhancing communication between administrators, faculty members, and students.

Overall, the system contributes to the digital transformation of educational institutions by providing a reliable and
user-friendly academic automation platform.

D. Future Research

Future improvements to the ECAP system may include:

Development of a mobile application for students and faculty.

Integration of biometric attendance systems.

Implementation of Al-based timetable generation.

Use of data analytics for predicting student performance.

Deployment on cloud infrastructure for better scalability.

These enhancements would further strengthen the functionality and adoption of the system in educational institutions.
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